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Abstract

It is estimated that 71 million people are living with hepatitis C virus (HCV) infection globally. The
availability of all-oral direct acting antiviral (DAA) medications for HCV infection has revolutionised
treatment which is now well tolerated, short in duration and highly effective; cure rates exceed 95%
in clinical trials. In this context, the World Health Organization (WHO) has proposed targets for the
elimination of HCV as a public health threat by 2030. This includes an 80% reduction in HCV incidence
and 65% reduction in HCV-related mortality. Achieving these targets will require sustained effort in
diagnosing and treating HCV infection, as well as the development and implementation of models of
care to reach populations both highly affected by HCV infection or those underserved by current
models. Mathematical modelling data has demonstrated that in high and middle-income countries,
HCV incidence will be most rapidly reduced if treatment is prioritised for people who inject drugs

(PWID) who contribute most greatly to HCV transmission.

Prison populations globally are characterised by high HCV prevalence which is estimated to exceed
15%, and, in Australia, is as high as 50% amongst incarcerated PWIDs. PWIDs also experience high
rates of incarceration on account of the criminalisation of injecting drug use (IDU). Despite this, HCV
treatment rates within prisons have remained low due to multiple barriers to prison-based HCV care.
As individuals re-enter the community from prison, they are also confronted by multiple competing
priorities and linkage to HCV care was poor in the interferon era. How we can safely and effectively

increase HCV treatment rates in the prison setting and beyond is not well defined.

While most people living with HCV are cured following first-line DAA therapy, there are a subset who
relapse; those with advanced liver disease, including cirrhosis, are overrepresented in this group. It is
therefore important to evaluate second-line salvage therapies in individuals with advanced disease to

minimise HCV-mortality and mortality, in keeping with the WHO elimination goals.

This thesis includes a number of clinical studies to address the above issues. In the first study, |
evaluated the safety and efficacy of HCV treatment delivered to prisoners by the Statewide Hepatitis
Program which operates in all Victorian prisons. | identified that nurse-led HCV care can reach
prisoners in large numbers, that it was safe, and that cure rates exceeded 95%. Importantly, over 80%
of those treated had never engaged in specialist HCV care prior to incarceration, highlighting that
prison-based treatment can reach a population that is poorly served by existing healthcare models.
Given that approximately 70% of prisoners reported recent IDU prior to incarceration, prison-based
HCV care can also potentially reduce HCV incidence and prevalence within the community more

broadly via interrupting transmission.



In the second study, | investigated the likelihood of community DAA initiation amongst individuals
released from prison with untreated HCV infection. | performed a randomised control trial evaluating
a transitional intervention aimed at enhancing continuity of care following release. | identified that
amongst unsupported individuals, DAA initiation rates were low. Our transitional model, however,
was able to support a greater proportion of individuals to commence HCV treatment, whilst also
significantly reducing the interval between community re-entry and DAA initiation, compared to those
receiving standard of care. In the third study, | investigated the performance of non-invasive fibrosis
algorithms amongst prisoners with HCV, including the AST-to-Platelet Index (APRI) and FIB-4 scores,
to minimise the need for transient elastography and improve prison treatment efficiencies. | identified
that these algorithms achieved high negative predictive values (NPV) at previously validated
thresholds and, if incorporated into HCV assessment pathways, could minimise the need for further
fibrosis determination. This is relevant for the dissemination of prison-based HCV programs

domestically and internationally where access to transient elastography remains a barrier to care.

In the fourth study, | investigated the prevalence of HCV NS5A resistance associated substitutions
(RAS) at treatment baseline in DAA-naive participants with genotype (GT)1a, GT1b and GT3 infection.
| demonstrated that the baseline NS5A RAS prevalence amongst Australians with GT1a infection was
lower than other international regions, but comparable for GT1b and GT3 infection, and that next
generation sequencing offered little improvement in diagnostic yield over population-based
sequencing at baseline. These findings endorse Australia guidelines that HCV RAS testing is not

required prior to first-line DAA therapy.

In the fifth study, | evaluated the safety and efficacy of sofosbuvir, elbasvir, grazoprevir £ ribavirin for
relapsed HCV following treatment with an NS5A-inhibitor containing DAA regimen. | demonstrated
that not only was this an effective salvage regimen for GT1/4, for which elbasvir and grazoprevir are
licensed, but also for GT3 infection by using a multitargeted approach to suppress the emergence of

resistant viral variants.

In the sixth study, | evaluated the safety and efficacy of sofosbuvir, velpatasvir and voxilaprevir for
relapsed HCV in Australians with advanced liver disease who were treated via a pharmaceutical early
access program. Despite a high prevalence of difficult to cure characteristics including GT3 infection,
cirrhosis, portal hypertension and liver transplantation (LT), | identified high SVR12 rates. While
treatment was generally well tolerated, there were three episodes of hepatic decompensation and
protease inhibitor usage should be carefully monitored in those with advanced disease. This study
provides reassuring evidence that this regimen is highly effective for relapsed HCV, irrespective of

baseline characteristics.
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Preface

The work presented in this thesis was completed under the supervision of Professor Alexander
Thompson, St Vincent’s Hospital Melbourne and University of Melbourne, and co-supervised by
A/Prof Joseph Doyle, Prof Mark Stoove and Prof Margaret Hellard, Burnet Institute and Monash

University.

This thesis contains six results chapters, five of which have been published, or accepted for publication
by peer reviewed journals. The remaining manuscript has been submitted for publication. In regard to
chapter three, results have also been published as correspondence in a peer-reviewed journal and
have been included in this thesis. Multiple co-authors have been involved, and where relevant, they

have completed and signed a co-author authorisation form.

Chapter two describes the evaluation of the Statewide Hepatitis Program. Ms. Lucy McDonald, Ms.
Anne Craigie, Ms. Annabelle Gibson, Dr David Iser and Prof Alexander Thompson contributed to the
clinical management of the prisoners, forming the basis of this evaluation. Co-authors also contributed
to data collection, assistance with data interpretation, study concept proposals, and/or critical review

of the manuscript. This study was published in The Journal of Hepatology on 5™ May 2019.

Chapter three describes the low likelihood of linkage to HCV care following release from prison and
the positive impact of dedicated transitional support. Ms. Lucy McDonald, Ms. Anne Craigie and Ms.
Amy Edwards were involved in identifying participants during prison-based HCV assessments.
Annabelle Hoang and Alex Pappas played a key role in the dispensing and distribution of HCV DAAs.
Other co-authors either contributed to study concept proposals, and/or critical review of the
manuscript. The retrospective study was published as correspondence in The Lancet Infectious
Diseases in November 2019 and the prospective study has been submitted for publication to a peer-

reviewed journal.

Chapter four describes the use of non-invasive fibrosis algorithms for prisoners with HCV infection to
optimise assessment efficiencies. Multiple co-authors were involved in data collection prior to
undertaking the data analysis. The Statewide Hepatitis Program nurses, Ms. Anne Craigie, Ms. Lucy
Donald and Ms Amy Edwards, as well as clinicians Prof Alexander Thompson, Dr David Iser, Dr Jacinta
Holmes and Dr Michael Maclsaac were also involved in the clinical management of the prisoners,
including the acquisition of transient elastography results. All co-authors contributed to study concept
proposals, data collection and/or critical review of the manuscript. This study was accepted for

publication in PLoS One on October 27" 2020.



Chapter five reports the baseline prevalence of NS5A RAS amongst a DAA-naive Australians. All
samples included were sequenced at The Victorian Infectious Disease Reference Laboratory by Ms.
Jacinta O’Keefe under the supervision of Prof. Scott Bowden. All other authors assisted with the
interpretation of the data, contribution to study concept proposals and/or critical review of the

manuscript. This study was published in the Journal of Clinical Virology in November 2019.

Chapter six describes the efficacy and safety of sofosbuvir, elbasvir, grazoprevir and ribavirin for
relapsed HCV infection. Many of the co-authors contributed to the clinical care of participants at the
three alternate Melbourne-based hospitals involved in the study including Dr Marie Sinclair, A/Prof
Paul Gow, Prof William Sievert, Dr Stephen Pianko, Dr NJ Arachchi and Dr Karla Cameron. Co-authors
also contributed to the study concept proposals and/or critical review of the manuscript. This study

was published in Liver International on 29" July 2019.

Chapter seven reports the efficacy and safety of sofosbuvir, velpatasvir and voxilaprevir for patients
with relapsed HCV infection and advanced disease. Many of the co-authors contributed to the clinical
care of the participants at 26 participating hospitals including Stuart Roberts, Simone Strasser,
Katherine Stuart, Geoffrey Farrell, Gerry MacQuillan, Gregory Dore, Amanda Wade, Jacob George,
Simon Hazeldine, James O’Beirne, Alan Wigg, Leslie Fisher, Bruce McGarity, Rohit Sawhney, Marie
Sinclair, James Thomas, Ivan Valiozis, Martin Weltman, Mark Wilson, Aidan Woodward, Golo
Ahlenstiel, Mazhar Haque, Miriam Levy, Emily Prewett, William Sievert, Siddharth Sood, Edmund Tse
and Zina Valaydon. HCV NS5A RAS sequencing was performed at the Victorian Infectious Disease
Reference Laboratory and Westmead Hospital by Prof Scott Bowden, Prof Mark Douglas and Ms
Jacinta O’Keefe. Ms Kate New contributed to project administration. Co-authors were also involved in
contribution to study concept proposals and/or critical review of the manuscript. This study was

published online in Clinical Infectious Diseases on 5™ September 2020.
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1 Chapter 1: Introduction, literature review and aims of research

1.1 The Hepatitis C Virus

1.1.1 Introduction

The hepatitis C virus (HCV) is an Hepacivirus belonging to the Flaviviridae family (1). HCV infection,
initially termed non-A, non-B viral hepatitis (NANBH), was suspected as a third viral entity accounting
for the significant number of patients with transfusion-related hepatitis who were hepatitis A virus
(HAV) and hepatitis B virus (HBV) seronegative (2, 3). Over the following 15 years, multiple attempts
were made to identify this presumed viral entity and finally, via blind immunoscreening of cDNA
expression libraries, clone 5-1-1 was identified leading to the first serological assays for the newly
termed HCV infection (4, 5). This diagnostic assay was commercialised and implemented the following

year (6, 7).

HCV infection is classified into genotypes and subtypes (8). There are six HCV genotypes, and their
prevalence varies between geographical regions. Each genotype is further categorised into subtypes
to account for the 20-25% variation in nucleotide sequences within a genotype. The NS5B RNA-
dependant RNA polymerase (RdRp) is responsible for RNA replication, however the process is highly
error prone resulting in significant variation in viral RNA sequences (9). This genetic variation between

hepatitis C viruses within an individual are referred to as viral quasispecies (8).

The HCV virus consists of a 9.6kp positive sense RNA genome which includes non-translated 5’ and 3’
ends flanking the open reading frame. The 5’ and 3’ ends regulate ribosomal attachment and initiate
translation and viral RNA synthesis, respectively (10, 11). The polyprotein, once translated, is
approximately 3000 amino acids in length and is cleaved into viral structural and non-structural
proteins. The structural proteins include the E1 and E2 which encapsulate the RNA viral genome, the
core protein which forms the nucleocapsid and the p7 protein which regulates viral assembly (12, 13).
The non-structural proteins are cleaved from the polyprotein to create NS2, NS3, NS4A, NS4B, NS5A
and NS5B which each have specific functions. Novel HCV direct-acting antiviral (DAA) therapy inhibit

the function of specific non-structural proteins and their roles are reviewed below.
1.1.1.1 Hepatitis C non-structural proteins

1.1.1.1.1 NS5BRdRp

The NS5B RdRp is the catalytic subunit responsible for replication of the HCV viral genome, by forming
a negative RNA strand from template RNA, prior to transcription and translation (14). The polymerase

functions rapidly but is also highly error prone, and as such, there is significant heterogeneity amongst



the virions leading the generation of HCV quasispecies, some which harbour drug resistance
sequences (15, 16). The NS5B RdRp is approximately 590 amino acids in length and has a ‘right hand’
morphology, typical of many polymerases, with ‘palm’, ‘finger’ and ‘thumb’ subdomains (17, 18). The
‘finger’ subdomains are hypothesized to have an important role in the management of incoming
nucleotide triphosphates and the template RNA strand, the ‘palm’ the catalytic subdomain and the
‘thumbs’ regulating the catalytic site. Inhibitors of the NS5B RdRp are either non-nucleotide or

nucleotide inhibitors depending on their mechanism of action.
1.1.1.1.2 NS5A

The NS5A protein has an important role in viral replication and assembly, however its detailed
biological role is yet to be completely defined (19). The NS5A protein is comprised of three structural
domains. Domain | and Il regulate viral replication and domain Ill, assembly. Unlike the N55B RdRp
and NS3 protease, the NS5A protein has no enzymatic activity but is postulated to assist in the
formation of the virus-induced web like membranous structure required for viral replication.
Inhibitors of NS5A were identified via the screening of compound libraries against cell-based replicon

assays and are used clinically (20).
1.1.1.1.3 NS3/4A

Both the NS2 and NS3 proteases have well characterised enzymatic activity, however only NS3
protease inhibitors have advanced to clinical use. The NS3 protease is responsible for cleavage of the
polypeptide chain to create discrete non-structural proteins. NS4A is a cofactor in this process which
both optimises NS3 function and anchors the molecule to the endoplasmic reticulum (21). The initial
clinical use of first-generation protease inhibitors (Pl) including boceprevir, telaprevir, and later
simeprevir and asunaprevir highlighted the utility of Pls in clinical use however they were limited by
low barriers to resistance and lack of pan genotypic activity (22). Pls are also postulated to have
additional antiviral effects by upregulating the activity of toll-like receptor (TLR) 3 which results in

restored interferon (IFN)-B production (23).
1.1.2 HCV pathogenesis

HCV is a non-cytolytic virus and hepatocellular injury results from both immune- and metabolically-
mediated mechanisms (24). Immune mediated cellular injury results from the activation of both

innate and adaptive immune pathways.

HCV-infected hepatocytes upregulate production of type-1 IFN which induces cellular processes to
resist infection and activates natural killer (NK) cells. NK cells are also recruited via cellular pathways

initiated by pathogen-associated molecules (PAMPs) recognition and contribute to increased



production of INF-a/b (25). The NK cells are central to viral clearance which is achieved directly via
inducing hepatocyte death (via cytolytic pathways) and indirectly by releasing inflammatory cytokines

including INF-y and Tumour Necrosis Factor alpha (TNFa) (26, 27).

The adaptive immune system response to HCV infection results in hepatitis and disease pathogenesis.
Viral molecules are displayed via type | and Il major histocompatibility complexes (MHC) which initiate
a T helper (Th) immune response, upregulating CD40 ligand and TNFa production (28). Cytotoxic T
lymphocytes are then activated resulting in cell-mediated indirect hepatocyte inflammation via the

release of perforin, granzyme and TNFa or via direct hepatocyte death via Fas ligand (29, 30).

Those patients with a strong and sustained Th 1 initial immune response to HCV, driven by interleukin
12 and INF-y, have a higher likelihood of HCV clearance during acute infection (31, 32). Most patients,
however, do not achieve clearance, and the insuring chronic infection results in persistent immune

activation, hepatitis and progression to fibrosis and cirrhosis (33, 34).

In addition to these described immune mediated pathways, HCV infection induces metabolically
mediated hepatocellular injury via increased insulin resistance, oxidative stress and hepatic steatosis,
which may contribute to fibrosis progression. Insulin resistance, as determined by homeostasis model
assessment (HOMA) scores, contributes significantly to hepatic steatosis and lipogenesis in chronic
HCV infection which in turn is associated with fibrosis progression (35). There is also increased
oxidative stress due to HCV mediated glutathione oxidation resulting in excessive reactive oxygen
species (ROS) within hepatocellular mitochondria and the endoplasmic reticulum. NADPH pathways
are also upregulated directly by the NS3 protease (36, 37). These changes are evidenced by increased
serum oxidative markers in those with HCV infection (38). There is a tendency for hepatic steatosis in
HCV infection (39) secondary to a direct effect from the HCV-core protein and indirectly, from the
close association between HCV infection and alcohol misuse, diabetes and obesity (40). HCV GT3
infection, particularly, is associated with hepatic steatosis secondary to its postulated effect on lipid
homeostasis including impaired secretion of lipids and the increased production and reduced
degradation of de novo free fatty acids (41). These immune and metabolic processes contribute to
sustained inflammation, fibrosis, proliferation, apoptosis and oxidative stress with an end result of

hepatic fibrosis and cirrhosis (42).
1.1.3 Clinical manifestations and natural history of HCV infection
1.1.3.1 Acute HCV infection

HCV is transmitted via blood-blood contact. Following acute HCV infection, an individual may either

achieve spontaneous clearance or develop chronic HCV infection, defined as detectable HCV RNA for



at least six months after exposure. The likelihood of spontaneous viral clearance is approximately 50%
(43, 44). Whilst viral clearance occurs in most cases of acute HCV infections in less than 12 weeks, this

have been documented to occur beyond one year (45-47).

Certain host and pathogen related factors predict the likelihood of developing chronic HCV after acute
infection. Individuals who are icteric or symptomatic during acute infection, and those with either a
low baseline viraemia or a rapid decline in HCV viral titres are more likely to achieve viral clearance
and avoid chronic infection (48-50). Host factors associated with viral clearance (and avoidance of
chronic infection)include particular interleukin-10 haplotypes, immergence of HCV specific CD4 cells,
and high levels of inducible protein 10 (31, 51, 52). Viral factors include non GT1b infection and

particular HCV hypervariable region sequences (50, 53).

1.1.3.2 Clinical manifestations of chronic HCV infection

Most individuals with chronic HCV infection are asymptomatic, and when symptoms are present they
are often non-specific. The most frequently reported generalised symptoms include fatigue, nausea,
anorexia, diarrhoea, abdominal pain, myalgia, arthralgia and weight loss (54). Compared with healthy
controls, patients with HCV more commonly report abdominal pain, however, the remaining
symptoms occur at similar frequencies (55). HCV-related symptoms, when present, are associated
with reduced quality of life indices (56). Reductions in cognitive function and perceived cognitive
impairment are also frequently reported (57, 58). The cognitive symptoms attributed to HCV infection
do not correlated with the severity of underlying liver dysfunction, or encephalopathy or injecting

drug use (IDU) status.

HCV infection may result in extrahepatic manifestations. Extrahepatic manifestations associated with
HCV infection include but are not limited to porphyria, thyroid dysfunction, the development of non-
organ specific autoantibodies, cryoglobulinemia, non-Hodgkin’s lymphoma and

membranoproliferative glomerulonephritis (59-64).
1.1.3.3 Progression to cirrhosis

HCV-related chronic hepatitis is associated with progression to fibrosis and cirrhosis. Multiple studies
have investigated the likelihood of developing cirrhosis in the context of HCV infection, and estimates
range from 7-55% (65-67). A meta-analysis including 111 studies determined the prevalence of
cirrhosis was 16% 20 years post HCV infection, and the duration of infection was most strongly
associated with cirrhosis (68). Once an individual develops advanced fibrosis (METAVIR F3), there is a
high likelihood of progressing to cirrhosis, and incidence is approximately 10% per year (69). Particular

demographic, biological and behavioural factors have been associated with a higher likelihood of



progression to cirrhosis. Demographic factors include male gender, non-black ethnicity and HCV
infection at older ages (70-72). Medical comorbidities associated with progression include HBV and/or
human immunodeficiency virus (HIV) coinfection and diabetes mellitus (73). Behavioural factors

include excess alcohol consumption, marijuana and high dietary cholesterol intake (74, 75).
1.1.3.4 Hepatic decompensation

Hepatic decompensation events include ascites, encephalopathy, portal hypertensive bleeding or
hepatocellular carcinoma (HCC). Jaundice also occurs frequently in advanced liver disease. Progression
to decompensation amongst individuals with HCV related cirrhosis ranges between 4%-7.5% per
annum in different series (69, 76). The most frequent initial decompensation events include
progression from category A to B by Child Tourette Pugh (CTP) grading, development of HCC and de
novo ascites. After progression to CTP category B, the likelihood of a liver related events is increased
to 12.9% annually, and over 8 years follow up, 31% of patients with HCV-related decompensated
cirrhosis progressed to transplantation (LT) or death in one series (63). Sustained virological response
following HCV treatment is associated with an improvement in the frequency of these events and is

discussed elsewhere (77, 78).
1.1.4 HCV testing

1.1.4.1 Antibody testing

HCV antibody testing can be performed using standard immunoassays processed in a laboratory or
point of care (POC) rapid immunoassays. Standard immunoassay testing for anti-HCV using serum
samples is performed using either enzymatic reactions (EIA) (which including enzyme-linked
immunosorbent assay (ELIZA)) or light emission testing including chemiluminescence immunoassay.
The most recent 3™ generation EIA technologies detect antibodies to the HCV core protein as well as
to the NS3, NS4 and NS5 antigens, and achieve high sensitivity and specificity of 92.2-98.9% and 100%
respectively (79-81). In general, immunoassays can detect anti-HCV within 10-26 weeks of infection,
however some patients will have detectable antibody within 8 weeks (82-84). Chemiluminescence
immunoassays are increasingly available and have a similar sensitivity and specificity to EIA
technologies (85, 86). Laboratory based EIA testing for anti-HCV can also be performed on dried blood
spot (DBS) samples (87). In certain clinical settings, and when earlier generation EIA testing kits are
used, anti-HCV can be undetectable in the setting of HCV viraemia. This includes those who are highly
immunosuppressed (including transplantation recipients, advanced HIV infection and those receiving
renal haemodialysis) or early in acute infection and in these settings, HCV RNA testing should be

performed (88-90).



Rapid POC immunoassays are now approved by the US Food and Drug Administration (FDA). This
includes the OraQuick HCV POC rapid immunoassay which is compatible with various patient samples
including finger prick blood, venous sampling and saliva. When venous or finger prick samples are
used, sensitivity and specificity are equivalent to laboratory-based EIA testing (99.7% and 99.9%,
respectively), however they are reduced when saliva is used (sensitivity 98.1%) (91). A meta-analysis
determined that the pooled sensitivity of POC technologies for the detection of anti-HCV was 98.9%
with a specificity of 99.5% however, the OraQuick performed significantly better than other available

assays (92).
1.1.4.2 HCV RNA testing

Where anti-HCV is detected, HCV RNA testing is performed to determine if an individual has active
HCV infection (as opposed to prior spontaneous clearance or cure following treatment) (93). Nucleic
acid testing is available in qualitative or quantitative assays and methods for RNA detection include
polymerase chain reaction (PCR), transcription mediated amplification and branched RNA testing. The
tests are performed using patient serum or plasma samples and have a threshold for detection of
approximately 15 international units (IU)/mL. DBS samples can be used however the threshold for
detection increases to 250-500 IU/mL (94, 95). A lower HCV viral load at baseline was associated with
a higher likelihood of sustained virological response (SVR) following treatment with pegylated (PEG)
IFN and ribavirin (RBV) (96, 97). Baseline HCV viral load does not predict SVR12 following DAA
treatment. Some DAA regimens, however, can be described for a shorter duration where baseline HCV

RNA viral load is low (98).
1.1.5 Cirrhosis determination

Cirrhosis determination is important to guide selection of an appropriate treatment regimen and to
determine the need for ongoing follow-up and hepatoma surveillance post HCV cure. Different

methods for cirrhosis assessment are discussed below.
1.1.5.1 Liver biopsy

Liver biopsy is regarded as the gold standard for cirrhosis determination (99). Liver biopsy involves
sampling liver cells to histologically assess the inflammatory grade and fibrosis stage. Ideally, liver
biopsies should be greater than 15mm in length and include 5-10 portal tracts (100, 101). The accuracy
of liver biopsy for cirrhosis determination is affected by the number and size of biopsies collected, and
the sensitivity for cirrhosis is increased when multiple samples are retrieved (100, 102). There can be
variation in histological stage, however, between two biopsies collected at discrete locations within

one liver. As liver biopsy samples only 1/50,000 of the liver by volume, a false negative result may
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occur in up to 10-30% when investigating for cirrhosis (103-106). In one series which compared liver
biopsies collected laparoscopically from both the left and right liver lobes simultaneously, there was

variation in the reported grade and stage by 24.2% and 33.1% between samples, respectively (106).

Following collection, the liver tissue sample is assessed by a histopathologist. The introduction and
use of standardised scores for liver fibrosis assessment, such as the METAVIR, Scheuer and Ishak
scores have improved assessment reproducibility and reduced inter-observer discordance (107-109).
The METAVIR score grades fibrosis stage from 0-4 depending on the detection of portal fibrosis,
fibrosis septa and bridging fibrosis (108). Similarly, the Ishak score grades fibrosis from 0-6 depending
on the presence and severity of the same key histological findings. Multiple data demonstrate that
using these scoring systems improves concordance in pathologist assessments for fibrosis grade in

particular (110, 111).

Liver biopsy is associated with procedural complications and approximately 1-5% will encounter
serious adverse events requiring hospitalisation (112-115). Death is uncommon and is estimated to
occur in 1/10,000 to 1/12,000 and more commonly in the setting of cirrhosis or malignant disease
(113). In two large series, when complications had occurred, symptoms were present in 60% of
participants within two hours of liver biopsy and 96% within 24 hours, and the other, severe pain or
hypotension were manifest by three hours in all with adverse events (112, 113). The most significant
procedural risk was biopsy related bleeding, which was as high as 4.5%, including subcapsular,
intrahepatic and peritoneal bleeding (114). Other liver biopsy complications include transient
bacteraemia, haemobilia, bilious ascites, pneumothorax, subphrenic abscess, sampling of incorrect
organs, pain and hypotension (113, 116, 117). Many of these data originate prior to the routine use

of ultrasound guidance for liver biopsy.

Liver biopsy may be collected via a percutaneous or transjugular approach (99). A transjugular
approach is preferred in the setting of ascites, where a diagnosis of peliosis hepatis or vascular tumour
is suspected or when there is a need for ancillary vascular procedures to be performed concurrently

(99).
1.1.5.2 Transient elastography

As liver biopsy is invasive, uncomfortable and associated with significant risk, alternate methods of
cirrhosis determination have been developed. This includes transient elastography which records
pulse-echo acquisitions following vibration transmission toward the liver, propagating an elastic sheer
wave (118). The sheer wave is transmitted more rapidly with increasing hepatic “firmness”, which can
be correlated to the severity of hepatic fibrosis or cirrhosis. Liver stiffness measurements are highly

reducible and have low inter-observer variability (119). Initial studies investigating the accuracy of
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transient elastography for cirrhosis (with liver biopsy as the reference standard) in participants with
HCV infection demonstrated areas under receiver operating characteristic (AUROC) curve of 0.95 and
0.97 at cut off of 12.5kPa and 14.6kPa, respectively (120, 121). Negative predictive values of a liver
stiffness measurement below these thresholds were 95-97%. The sensitivity of transient elastography
to diagnose cirrhosis has subsequently be investigated in a large meta-analysis (122). The meta-
analysis included 38 studies which reported AUROC values for the sensitivity and specificity of cirrhosis
as compared to liver biopsy diagnosed METAVIR F4 disease. The mean AUROC was 0.94 and increased
to 0.99 when adjusted for liver biopsy quality. Cut-off values for cirrhosis using transient elastography
in these studies ranged from 10.2kPa to 17.6kPa. These data demonstrated, however, that transient
elastography was less able to reliably differentiate severe fibrosis (F3/4 vs F2/1) and significant fibrosis

(F2/3/4 vs FO/1), where the AUROC was reduced to <0.9.

Limitations of transient elastography include its applicability in obese patients, those with narrow
intercostal spaces and or in the presence of ascites (118). Failure rates of transient elastography were
2.4-9.4% (118-120). 4.5% of transient elastography attempts were unsuccessful in one series and the
sole predictor of failure on multivariate analysis was body mass index (BMI) >28 kg/m? (123) Elevations
of alanine aminotransferase, hepatic congestion and recent oral intake have also been associated with
falsely elevated liver stiffness measurements (124-126). The presence of steatosis can affect the

diagnostic accuracy of transient elastography which lead to the development of the XL probe (127).

Liver stiffness measurements have been shown to reduce following successful HCV therapy, and in
one series, there was a 32% decrease in liver stiffness measurements following DAA therapy (128).
Other data demonstrate that amongst those individuals identified as cirrhotic prior to hepatitis C
treatment, who then have transient elastography readings below the threshold for cirrhosis post
SVR12, are still at risk of incident HCC, highlighting that transient elastography should be completed

prior to initiation of hepatitis C therapy.
1.1.5.3 Non-invasive markers of fibrosis
1.1.5.3.1 AST-to-platelet ratio index (APRI) score

The APRI score was devised by Wai and colleagues as a non-invasive algorithm for predicting hepatic
fibrosis and cirrhosis in patients with HCV infection (129). They identified variables most strongly
associated with cirrhosis and fibrosis (with liver biopsy as the reference standard) in HCV infection.
The APRI score is calculated as [(AST/upper limit normal AST)/platelets(10°/L)] x 100. APRI scores
correlated well with fibrosis stage and the AUROC was 0.89 in the validation cohort. Cut-off APRI
thresholds were determined for the exclusion and identification of cirrhosis which were <1.0 and >2.0,

respectively. An APRI of <1.0 achieved a sensitivity of 89%, specificity of 75%, NPV of 98% and PPV of
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38%, and only 11% of cirrhotic participants were misclassified as non-cirrhotic. An APRI of <2.0 was
57% sensitive, 93% specific and had PPV and NPV of 57% ad 93% respectively. The NPV of APRI <1.0
for cirrhosis was 100% when applied to the validation cohort. These thresholds have been
subsequently validated by several studies, and more recently included in a large systematic review.

This identified that an APRI of 1.0 for the diagnosis of cirrhosis achieved an AUROC of 0.84 (130).
1.1.5.3.2 FIB-4 score

The FIB-4 score was developed to predict advanced fibrosis in patients with HCV and HIV coinfection.
Developed by Sterling and colleagues, variables associated with fibrosis were identified and
incorporated into the FIB-4 algorithm, which is calculated as (age(years) x AST)/(platelets x ALTA(1/2))
(131). The AUROC of FIB-4 to differentiate between Ishak grade 0-3 and 4-6 was 0.765 and a cut-off
of 1.45 has a NPV of 90% for excluding advanced fibrosis and a sensitivity of 70%. At a higher cut-off
of 3.25, the PPV was 65% and specificity 97%, however the sensitivity and NPV were reduced. Data
validating the FIB-4 threshold of 1.45 for advanced fibrosis were included in a systematic review and
the median AUROC was 0.87 (130). The pooled sensitivity and specificity were 90% and 58%

respectively.
1.1.5.3.3 Hepascore

The Hepascore was developed to predict cirrhosis in patients with HCV infection (132). The score
incorporated variables most strongly correlated with fibrosis stage on multivariate analysis and
included age, gender, GGT, a2-macroglobulin, hyaluronic acid and bilirubin. A threshold of 0.84 for the
prediction of cirrhosis was associated with AUROC of 0.938. In the training cohort, this threshold
achieved a sensitivity of 71% and specificity of 84%. A systematic review including multiple validation

data identified a median AUROC of 0.79 for the detection of cirrhosis (130).
1.1.5.3.4 The enhanced liver fibrosis (ELF) score

The ELF score is an algorithm including several extracellular matrices which correlates well with
fibrosis stage in chronic liver disease and includes tissue inhibitor of metalloproteinases 1, amino-
terminal propeptide of type lll procollagen and hyaluronic acid (133). Multiple validation data included
in a systematic review determined a median AUROC of 0.88 for the diagnostic accuracy of ELF for

cirrhosis (130).
1.1.5.4 Radiological investigations for the diagnosis of cirrhosis

There are multiple data exploring the accuracy of imaging modalities including ultrasound to diagnose
or exclude hepatic cirrhosis (134-139). The imaging characteristics investigated in these data included

surface nodularity, parenchymal heterogeneity, portal vein dilation, splenomegaly and ascites, and
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the reference standard was histologically proven cirrhosis. There is however significant heterogeneity
in reported sensitivity and specificity of these imaging characteristics between studies. For example,
several series reported a high specificity for cirrhosis when liver surface nodularity or portal vein
dilation were identified, which exceeded 90% (134, 135, 138). In these studies, however, the
corresponding sensitivity of these key findings was low, reducing the overall diagnostic accuracy. In
alternate data, the same imaging characteristics had both low specificity and sensitivity when
compared with biopsy (136). Other studies reported no acceptable imaging characteristic for the
diagnosis of cirrhosis, while another a high NPV for cirrhosis in the absence of splenomegaly or portal
vein dilation (137, 139). As such, there is significant heterogeneity in the utility of these radiological

characteristics.
1.1.5.5 Clinical examination findings for the diagnosis of cirrhosis

A meta-analysis determined that findings associated with decompensated cirrhosis including
distended abdominal veins (likelihood ratio (LR) 11.0), encephalopathy (LR 10.0), and ascites (LR 7.2)
were best able to predict cirrhosis (140). Lower LRs were identified for spider naevi (LR 4.3). An
alternate systematic review identified that although clinical findings including ascites, collateral
circulation, spider naevi, jaundice, firm liver edge and encephalopathy had high specificities between

75-98%, their sensitivities were less than 50% for most (141).

1.1.5.6 Benefits of identifying individuals with cirrhosis

Identification of individuals with hepatic cirrhosis is important to guide appropriate medical
management to reduce liver related morbidity and mortality. Multiple data now demonstrate that
enrolment in HCC surveillance programs for individuals with cirrhosis is associated with increased HCC
survival (142). Identification of cirrhosis also allows appropriate screening for other complications of
advanced liver disease, prior to clinical decompensation events, including variceal surveillance, with
multiple therapeutics available for primary prophylaxis of variceal haemorrhage (143). Prognostically,
diagnosing cirrhosis is important to predict the likelihood of future decompensation events and to
tailor appropriate lifestyle advice for the patient. Patients with cirrhosis are also more vulnerable to
infection with increase morbidity and mortality than non-cirrhotic individuals, and as such, a diagnosis

of cirrhosis can inform appropriate vaccination recommendations (144).

1.1.6 HCV treatment

1.1.6.1 IFN-based HCV treatment

The initial studies investigating the efficacy and safety of IFN-alpha for HCV infection (then termed

NANB hepatitis, prior to identification of HCV) were published in 1989 and identified that 24 weeks of
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therapy achieved normalisation of ALT in a subset of patients, which was sustained in approximately
50% of responders (145). The addition of RBV to IFN was identified to improve efficacy without
significant increased toxicity (146). In 2001 and 2002, respectively, two large randomised control trials
were published demonstrating the superiority of combination PEG IFN alfa-2a/b and RBV for chronic
HCV (147, 148). SVR rates were 42-46% for GT1 infection, and approximately 80% for HCV GT2 and
GT3 infection after 48 weeks of therapy. PEG IFN and RBV thereafter remained first-line therapy for

HCV infection for the following decade.

The use of first-generation Pls, including boceprevir and telaprevir, in combination with PEG IFN and
RBV was later shown to improve efficacy in patients with HCV GT1 infection, and was incorporated
into HCV treatment guidelines (149, 150). The initial pilot studies investigating IFN-free combinations

of HCV DAA medications were published in 2012, which have now become first-line treatment (151).
1.1.6.2 DAA treatment of hepatitis C infection

The aim of hepatitis C DAA therapy is to achieve viral eradication. Novel hepatitis DAA therapies are
associated with high rates of cure which exceeded 95% in clinical trials (152, 153). Cure from chronic
hepatitis C infection is confirmed when no HCV virus is not detected in an individual’s serum on PCR
testing at least 12 weeks following completion of DAA treatment; this is termed SVR12. Non-SVR12
may be the result of virological breakthrough, relapse or reinfection. Virologic breakthrough is defined
as detectable HCV RNA whilst on DAA therapy, suggestive of a high level resistant variant. HCV relapse
is defined as detection of HCV RNA of the original viral linage after completion of DAA therapy and

reinfection identification of HCV RNA from an alternate viral linage (154).

HCV DAAs have been available to Australian citizens via the Pharmaceutical Benefits Scheme since
March 2016 (155). The initial DAA therapies reimbursed were sofosbuvir (SOF) + ledipasvir (LDV) for
HCV GT1 infection and SOF + daclatasvir (DCV) for GT1 and GT3 infection. Combination ombitasvir +
paritaprevir (ritonavir boosted) + dasabuvir (PrOD) was then listed in July 2016, and then elbasvir (ELB)
+ grazoprevir (GZR) in January 2017, both for the indication of HCV GT1 and GT4 infection. The first
pan genotypic regimen available on the Australian Pharmaceutical Benefits Scheme was SOF +
velpatasvir (VEL) which was made available from August 2017 and then subsequently, combination
glecaprevir (GLE) + pibrentasvir (PIB), also for the indication of HCV GT1-6 infection, in August 2018.
SOF and DCV were removed from the Pharmaceutical Benefits Scheme in 2020 due to the availability

of combination pan genotypic regimens.

The first pan genotypic salvage regimen for NS5A inhibitor experienced patients with relapse was SOF
+ VEL + voxilaprevir (VOX) was made available to Australians via the Pharmaceutical Benefits Scheme

in April 2019.
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Recommendations for the treatment of HCV infection as guided by the 2020 Australian

recommendations for the management of hepatitis C virus Infection and the 2018 EASL Treatment of

Hepatitis C recommendations are presented below (154, 156).

1.1.6.2.1 Non-cirrhotic or compensated cirrhotic patients

Table 1.1: HCV DAA treatment for patients without cirrhosis or with compensated cirrhosis including

recommendations from the 2020 Australian and the 2018 EASL HCV guidelines. HCV, hepatitis C

virus; DAA, direct-acting antiviral.

Table 1.1: HCV DAA treatment for
patients without cirrhosis or with
compensated cirrhosis

Treatment naive

Treatment experienced

Pan-genotypic regimens

Sofosbuvir / Velpatasvir
[12 weeks]

Glecaprevir / Pibrentasvir
[8-12 weeks]*

Sofosbuvir / Velpatasvir
[12 weeks]

Glecaprevir / Pibrentasvir
[8-16 weeks]?

Genotype la

Sofosbuvir / Ledipasvir
[8-12 weeks]?

Elbasvir / Grazoprevir
[12 weeks]

Paritaprevir / Ombitasvir /
Ritonovir / Dasabuvir
[12 weeks]

Sofosbuvir / Ledipasvir
[24 weeks]

Elbasvir / Grazoprevir
[12-16 weeks]*

Paritaprevir / Ombitasvir /
Ritonovir / Dasabuvir
[12 weeks]

Genotype 1b

Sofosbuvir / Ledipasvir
[8-12 weeks]®

Elbasvir / Grazoprevir
[8-12 weeks]®

Paritaprevir / Ombitasvir /
Ritonovir / Dasabuvir
[8-12 weeks]’

Sofosbuvir / Ledipasvir
[12-24 weeks]®

Elbasvir / Grazoprevir
[12-16 weeks]®

Paritaprevir / Ombitasvir /
Ritonovir / Dasabuvir
[12 weeks]

Genotype 2

No additional regimens
recommended

No additional regimens
recommended
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Sofosbuvir / Velpatasvir /

Sofosbuvir / Velpatasvir /

Elbasvir / Grazoprevir
[12 weeks]

Genotype 3 Voxilaprevir Voxilaprevir
[12 weeks]*® [12 weeks]*®
Sofosbuvir / Ledipasvir Sofosbuvir / Ledipasvir
[12 weeks] [12 weeks]

Genotype 4

Elbasvir / Grazoprevir
[12 weeks]

Genotype 5 & 6

Sofosbuvir / Ledipasvir
[12 weeks]

Sofosbuvir / Ledipasvir
[12 weeks]

1 Treatment-naive patients with HCV genotype 1, 2, 4, 5, & 6 without cirrhosis should receive 8 weeks fixed-dose
Glecaprevir / Pibrentasvir, and where cirrhosis is identified, treatment should be extended to 12 weeks. For HCV
genotype 3 infection, patients with METAVIR FO-2 should be treated for 8 weeks, and for patients with METAVIR

F3-4 liver disease, treatment should be extended to 12 weeks.

2 Treatment-experienced patients with HCV genotype 1, 2, 4, 5, & 6 without cirrhosis should receive 8 weeks
fixed-dose Glecaprevir / Pibrentasvir, and where cirrhosis is identified, treatment should be extended to 12
weeks. Treatment-experienced HCV genotype 3 patients without cirrhosis should receive 12 weeks fixed-dose

Glecaprevir / Pibrentasvir, which should be extended to 16 weeks in those with cirrhosis.

3 EASL guidelines recommend 8 weeks sofosbuvir / ledipasvir for all treatment-naive HCV genotype 1a patients
without cirrhosis, however Australian guidelines only recommend this duration where baseline HCV viral load is

<6 million IU/mL. Both guidelines recommend 12 weeks in the setting of cirrhosis.

* Australian guidelines recommend 16 weeks Elbasvir / Grazoprevir +/- Ribavirin for treatment-experience
genotype 1a patients irrespective of cirrhosis status, who have experienced on-treatment virologic failure to
prior treatment. EASL guidelines do not recommend Elbasvir / Grazoprevir for treatment-experience patients,

and only for treatment-naive patients with baseline HCV viral load is <800,000 IU/mL.

5 EASL guidelines recommend 8 weeks fixed-dose sofosbuvir / ledipasvir in HCV GT1b patients without cirrhosis,
where Australian guidelines suggest this duration is only considered where baseline HCV viral load is <6 million

IU/mL. Treatment-naive HCV genotype 1b patients should receive 12 weeks of therapy.

5 HCV genotype 1b infection in treatment-naive patients with or without cirrhosis is treated with 8 weeks fixed
dose elbasvir / grazoprevir. EASL guidelines including shortening duration to 8 weeks in the setting of METAVIR

FO-2 disease.
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7 EASL guidelines recommend that HCV genotype 1b infection is treated with 12 weeks fixed-dose paritaprevir /
ombitasvir / ritonavir / dasabuvir, which can be reduced to 8 weeks in the setting of METAVIR FO-2 disease.

Australian guidelines do not recommend the use of this regimen presently.

8 EASL guidelines do not recommend the use of sofosbuvir / ledipasvir for treatment-experienced HCV genotype
1b infection. Australian guidelines recommend that for treatment-experienced HCV genotype 1 patients without

cirrhosis, sofosbuvir / ledipasvir is prescribed for 12 weeks, which is increased to 24 weeks in those with cirrhosis.

9 EASL guidelines do not recommend elbasvir / grazoprevir for treatment-experienced genotype 1b infection.
Australian guidelines recommend 12 weeks of therapy for cirrhotic or non-cirrhotic patients with should be
increased to 16 weeks for treatment-experienced patients with genotype 1 infection who have experienced on-

treatment virologic failure to prior treatment.

10 Sofosbuvir / velpatasvir / voxilaprevir 12 weeks as first line therapy for HCV genotype 3 infection is

recommended in EASL but not Australian HCV guidelines.
1.1.6.2.1.1 Genotype 1a infection

Four treatment options are recommended for GT1a infection including SOF + VEL, GLE + PIB, SOF +

LDV, and GZR + ELB.

Fixed dose combination SOF + VEL is prescribed for GT1a infection for 12 weeks irrespective of
cirrhosis status, PEG IFN RBV treatment experience or HIV coinfection. This recommendation is based
on findings from ASTRAL-1 and ASTRAL-5 in which 95-98% of participants with GT1a infection achieved

sustained virologic response at post-treatment week 12 (SVR12) (152, 157).

GLE + PIB achieved an SVR12 rate of 98% in patients without cirrhosis when treated for eight weeks
in clinical trials (158). SVR12 rates were 98% in patients with cirrhosis when GLE + PIB was extended

to 12 weeks (159).

SOF + LDV prescribed for 12 weeks achieves high rates of cure (>95%) for GT1a infection evidenced
by ION-1, ION-3 and ION-4, irrespective of cirrhosis status or HIV co-infection (98, 160, 161). Duration
of SOF + LDV may be reduced to eight weeks for non-cirrhotic, treatment naive patients with GT1a
infection (98) and is particularly efficacious when the baseline HCV viral load is <6 million IU/mL (162).
European guidelines allow for SOF + LDV eight weeks for all non-cirrhotic patients, irrespective of viral
load (154). SOF + LDV is not recommended for treatment experienced patients as per the European
Association for the Study of Liver (EASL) guidelines as therapy must either be extended to 24 weeks
or include RBV (154). Australian guidelines recommend extension to 24 weeks when used in the

setting of IFN RBV treatment experience, when this regimen is selected.

ELB + GZR 12 weeks achieved SVR12 rates of 92-97% for patients with GT1a infection in clinical trials,

which was not affected by prior PEG IFN RBV exposure or cirrhosis status (163, 164). A post-hoc

18



analysis demonstrated that the SVR12 rate increased to 99% where no baseline NS5A resistance
associated substitutions (RAS) were identified and baseline HCV RNA was <800,000 IU/mL, however
efficacy was significantly reduced where NS5A RAS were detected. EASL guidelines therefore
recommend that ELB + GZR only be prescribed for patients with a baseline HCV RNA <800,000 IU/mL

due to the impracticalities of baseline NS5A RAS testing (154).
1.1.6.2.1.1 Genotype 1b infection

EASL guidelines recommend five regimens for the treatment of HCV GT1b infection (148). These

include SOF + VEL, GLE + PIB, SOF + LDV, GZR + ELB and PrOD.

In ASTRAL-1, SOF + VEL was highly effective for GT1b infection and 99% of participants achieved SVR12
irrespective cirrhosis status or prior treatment experience, including prior DAA exposure (152). In
ASTRAL-5, SVR12 rates were 92% following 12 weeks SOF + VEL in HIV co-infected participants,
however overall GT1b participant numbers were low and only one episode of relapse was recorded

(92%, n=11/12) (157).

GLE + PIB prescribed for eight weeks for non-cirrhotic GT1a participants, irrespective of viral co-
infection or prior treatment experience, achieved an SVR12 rate of 100% in clinical trials (158). For
patients with compensated cirrhosis, treatment should be extended to 12 weeks on the basis

outcomes of the EXPEDITION-1 trial (SVR12 100%, n=39/39) (159).

The ION studies demonstrated SVR12 rates of 96-100% for GT1b participants following 12 weeks of
SOF + LDV, irrespective of fibrosis stage or treatment experience (160, 165, 166). In a cohort of GT1b
patients who were exclusively treatment-experienced (PEG IFN RBV +/- 1% generation PI), SVR12 rates
reduced to 87% (n=20/23). SOF + LDV can be prescribed for eight weeks for non-cirrhotic, treatment
naive HCV GT1b patients supported by data from Kowdley et al in which SVR12 rates were 98% in

participants with these characteristics (n=42/43) (98)

Twelve weeks GZR + ELB for GT1b infection in treatment-naive or experienced patients, with or
without cirrhosis or HIV co-infection, achieved SVR12 rates of 98-99% in several phase Il clinical trials
(163, 164, 167). ELB + GZR treatment can be shortened to eight weeks for GT1b infection in those
without advanced fibrosis or cirrhosis (METAVIR F3/F4) supported by data from the STREAGER study
(SVR12 97%, n=66/68) (168). This regimen is included in not included in the EASL guidelines for
treatment experienced patients due to the impracticalities of resistance testing, where Australian

guidelines recommend extension to 16 weeks for all treatment experienced individuals (154).

PrOD achieved excellent virological outcomes for GT1b infection in clinical trials. SVR12 rates were 98-

100% for non-cirrhotic, treatment naive participants including a subset with HIV-coinfection in three
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clinical trials (169-171). In other studies which included treatment experienced participants, with or
without compensated cirrhosis, SVR12 rates remained high (SVR12 99-100%) (172-174) (158-160).
These data contribute to the recommendation that PrOD be prescribed for 12 weeks for GT1lb
infection, irrespective of these baseline characteristics (154). Treatment duration may be reduced to
eight weeks for treatment naive GT1b patients without advanced fibrosis or cirrhosis, supported by
data from the GARNET study; this study included participants with METAVIR FO-F3 fibrosis and SVR12
rates were 97% (175). Episodes of virological relapse were concentrated in participants with F3 disease
therefore therapy should be prescribed for 12 weeks in this setting. This regimen is included in the

EASL guidelines only as it is no longer marketed in Australia (156).
1.1.6.2.1.2 Genotype 2 infection
Treatment guidelines recommend SOF + VEL or GLE + PIB for GT2 infection.

ASTRAL-Il recruited non-cirrhotic, treatment naive patients who were treated with SOF + VEL 12 weeks
and identified an SVR12 rate of 99% (n=133/134) (176). SVR12 rates remained preserved (100%,
n=104/104) in ASTRAL-I which included a larger proportional of treatment experienced GT2
participants including a proportion with cirrhosis, and in ASTRAL-5 (100%, n=11/11) which included

participants with HIV coinfection (152, 157).

Eight weeks of combination GLE + PIB was efficacious for GT2 infection for non-cirrhotic patients,
irrespective of prior treatment experience or HIV co-infection, evidenced by three clinical trials in
which SVR12 rates were between 98-100% (153, 164, 177). For patients with HCV GT2 infection and
compensated cirrhosis, SVR12 rates were 100% following 12 weeks GLE + PIB (159, 177).

1.1.6.2.1.3 Genotype 3

Three regimens are recommended for HCV GT3 treatment including SOF + VEL, GLE + PIB, and SOF +
VEL + VOX.

The efficacy of fixed dose SOF + VEL for GT3 infection was investigated in the ASTRAL-3 trial. This
demonstrated that overall, SVR12 outcomes were favourable and 95% of GT3 participants achieved
cure (176). SOF + VEL was particularly efficacious for non-cirrhotic and treatment naive participants,
and SVR12 rates were 97% in both groups, respectively. SVR12 rates were diminished in those with
compensated cirrhosis (91%), with prior treatment experience (90%), and when both characteristics
were present (89%). These data have informed the EASL recommendation that SOF + VEL not be
prescribed as first-line treatment for GT3 infection in individuals with compensated cirrhosis (154).
ASTRAL-5 demonstrated an SVR12 rate of 92% for participants with HCV GT3 and HIV coinfection
(157).
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GLE + PIB is also efficacious for GT3 infection, and treatment duration is informed by an individual’s
baseline characteristics including cirrhosis status and prior treatment experience. In ENDURANCE-3,
SVR12 rates were 95% amongst treatment naive, non-cirrhotic participants treated with GLE + PIB for
eight weeks, however only 17% of participants had advanced fibrosis (METAVIR F3) (178). The efficacy
of eight weeks GLE + PIB for non-cirrhotic patients was endorsed by EXPEDITION-2 in which SVR12
was 100% amongst those with HCV GT3 and HIV co-infection (179). The SURVEYOR-2 trial investigated
the impact of cirrhosis and prior treatment experience on GLE + PIB for HCV GT3 infection (180). SVR12
rates were 98% and 96% respectively in treatment naive cirrhotic participants treated for 12 weeks
and treatment experienced cirrhotic participants treated for 16 weeks. There are no high-quality data
regarding the efficacy of 12 weeks GLE + PIB for cirrhotic GT3 patients who are treatment experienced.
For treatment experienced, non-cirrhotic participants in SUVEYOR-2, SVR12 rates were 91% and 95%
for those treated for 12 or 16 weeks, respectively. Similar outcomes have been identified in a pooled
analysis of phase Il and Il GLE + PIB data with lower SVR rates amongst treatment experienced

patients without cirrhosis, treated for 12 week (181).

EASL guidelines also include 12 weeks SOF + VEL + VOX as a first-line therapy for patients with cirrhosis
and HCV GT3 infection, irrespective of treatment experience, due to the reduced efficacy of SOF + VEL
in this subgroup (154). This is not recommended in Australian HCV guidelines (182). A reduced
duration of eight weeks SOF + VEL + VOX for HCV GT3 participants was also associated with excellent
outcomes (SVR12 96-99%) and included 25% who were treatment experienced and 20% with cirrhosis

(183).
1.1.6.2.1.4 Genotype 4

Recommended regimens for HCV GT4 infection include SOF + VEL, GLE + PIB, SOF + LDV and GZR + ELB
(154).

HCV GT4 infection responds favourably to 12 weeks SOF + VEL evidenced by ASTRAL-1 and ASTRAL-5
in which SVR12 rates were 100% which included patients with cirrhosis, prior treatment experience

and HIV co-infection (152, 157).

GLE + PIB is efficacious for HCV GT4 infection, and duration is guided by prior treatment experience
and cirrhosis status. When prescribed for non-cirrhotic patients, data demonstrate an SVR12 rate of
93% with eight weeks of therapy, irrespective of prior treatment experience (153). In cirrhotic
patients, SVR12 rates were 99% and 100% in clinical trials when GLE + PIB was continued for 12 weeks.
SVR12 rates were also high in HIV co-infected non-cirrhotic patients with HCV GT4 infection following

eight weeks of GLE + PIB (159, 184).
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SOF + LDV prescribed for 12 weeks for HCV GT4 infection was investigated in the SYNERGY trial, and
the overall SVR12 rate was 95% with only one episode of relapse (185). An alternate phase Il trial
demonstrated excellent efficacy of SOF + LDV for GT4 cirrhotic participants (SVR12 100%, n=10/10),
and whilst prior treatment experience resulted in numerically lower SVR12 rates, this did not reach

statistical significance (91% vs 96%, p>0.05 (186).

GZR + ELB 12 weeks achieves excellent efficacy for HCV GT4 infection. This is supported by data from
five clinical trials including participants with cirrhosis, HIV coinfection and those receiving opioid
substitution therapy (OST) and SVR12 rates were 96-100%. Australian guidelines recommend that
when GZR + ELB is prescribed for treatment experienced patients, duration should be extended to 16

weeks and RBV included due to the impracticalities of HCV NS5A RAS testing prior to treatment (182).
1.1.6.2.1.5 Genotype 5

Current treatment guidelines recommend SOF + VEL, GLE + PIB and SOF + LDV for HCV GT5 treatment.
In ASTRAL-1, which included a subset of participants with cirrhosis (14%) and prior treatment
experience (31%), SVR12 was achieved in 97% following 12 weeks of SOF + VEL (152).

Three registration studies have investigated the efficacy of GLE + PIB for HCV GT5 infection. All non-
cirrhotic participants with GT5 infection achieved SVR12 when treated with eight — 12 weeks of GLE +
PIB (153, 184). In EXPEDITION-1, all participants with HCV GT5 infection and cirrhosis were cured after

12 weeks GLE + PIB, however overall numbers were small (n=2) (159).

Treatment with SOF + LDV was associated with SVR12 rates of 95% in clinical trials when prescribed
for 12 weeks for GT5 infection, including participants with compensated cirrhosis and prior treatment
experience (187). There was one episode of relapse amongst both the cirrhotic and non-cirrhotic

participants.
1.1.6.2.1.6 Genotype 6

Treatment regimens for HCV GT6 infection include SOF + VEL, GLE + PIB and SOF + LDV. ASTRAL-1
included HCV GT6 participants, of which 17% were treatment experienced and 15% had compensated
cirrhosis and determined that 12 weeks SOF + VEL was associated with SVR12 in 100% (152). This
informs the EASL recommendation for 12 weeks SOF + VEL for HCV GT6 irrespective of prior treatment

experience or cirrhosis status (154).

Treatment with eight weeks GLE + PIB achieved SVR12 rates of 90% (one episode of relapse), which
included a subset of participants who were treatment experienced (164). When treatment was
extended to 12 weeks, SVR12 rates increased to 100% including for both cirrhotic and non-cirrhotic

participants (159, 184). EASL guidelines recommend that non-cirrhotic patients are treated with GLE
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+ PIB eight weeks, and cirrhotic patients for 12 weeks, irrespective of prior treatment experience

(148).
1.1.6.2.2 Treatment of special populations
1.1.6.2.2.1 Treatment of HCV in patients with decompensated cirrhosis

Table 1.2: HCV DAA treatment regimens for patients with decompensated cirrhosis, including

Australian and EASL HCV recommendations. HCV, hepatitis C virus; DAA, direct-acting antiviral.

Table 1.2 HCV DAA treatment Treatment naive Treatment experienced
for patients with
decompensated cirrhosis
Sofosbuvir / Velpatasvir +/- Sofosbuvir / Velpatasvir +/-
Pan-genotypic regimens weight-based ribavirin weight-based ribavirin
[12 weeks] [12 weeks]
Sofosbuvir / Ledipasvir +/- Sofosbuvir / Ledipasvir +/-
Genotype 1, 4, 5 or 6 weight-based ribavirin weight-based ribavirin
[12 weeks] [12 weeks]

Current HCV guidelines suggest that suitability for LT should be considered prior to HCV treatment in
patient with decompensated liver disease and high baseline model for end stage liver disease (MELD)
scores (154). If HCV treatment is commenced due to LT ineligibility or with a view to HCV cure / viral
suppression to prevent post-LT HCV recurrence, the regimens approved for use in those with hepatic

decompensation include SOF + VEL = RBV, SOF + DCV = RBV, SOF + LDV + RBV and SOF + RBV.

SOF + VEL = RBV is a pan-genotypic regimen licenced for use in decompensated cirrhosis. In ASTRAL-
4, participants with HCV and CTP class B cirrhosis achieved SVR12 rates of 83%, 94% and 86%,
respectively, when treated with SOF + VEL 12 weeks, SOF + VEL + RBV 12 weeks and SOF + VEL 24
weeks (188). SOF + DCV = RBV is an alternate pan genotypic regimen for patients with decompensated
cirrhosis. ALLY-1, a prospective, open-label phase Il trial, recruited participants with hepatic
decompensation who were randomised to 12 or 24 weeks of SOF + DCV + RBV (189, 190). SVR12 rates
were 93% for CTP class A/B participants but reduced to 56% in those with CTP class C disease. This
regimen was also evaluated in early access program studies which demonstrated SVR12 rates of 75%

in an Australian series and 50-88% in the United Kingdom (191, 192).

Genotype specific regimens approved for HCV infection and decompensated cirrhosis include SOF +
LDV for HCV GT1 and GT4 and SOF + RBV for GT2 infection. SOLAR-1 and SOLAR-2 investigated the
efficacy of SOF + LDV + RBV prescribed for 12 or 24 weeks amongst participants waitlisted for LT with
HCV GT1a, GT1lb and GT4 (SOLAR-2 only) infection (193). Amongst CTP class B participants, SVR12
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rates were 87% for 12 weeks and 89-96% for 24 weeks of therapy. SVR12 rates were lower for CTP
class C patients and were 78-86% for 12 weeks and 85-87% for 24 weeks of therapy. Whilst SOF + RBV
is approved for HCV infection in those with hepatic decompensation, this is not recommended in

guidelines (154).
1.1.6.2.2.2 HBV-HCV co-infection

The selection of a DAA regimen for patients with HBV-HCV coinfection should be informed by data
presented above, including consideration of prior treatment experience and cirrhosis status. HBV
reactivation may occur in patients with HBV-HCV coinfection following DAA initiation (194). A
Taiwanese series including 111 co-infected participants (defined as HBsAg positive and detectable HCV
RNA) demonstrated that 53% who had a baseline HBV DNA of >20 IU/mL had an increase in their HBV
viral load by at least one log10 IU/mL prior to the SVR12 timepoint, and that in 5% this was associated
an increased ALT >2x the upper limit of normal. HBV anti-viral therapy was commenced in three
participants (195). EASL guidelines recommend initiating HBV anti-viral therapy prior to HCV DAA
treatment for coinfected individuals, and for patients who are HBsAg negative, HBcAb positive, serial

monitoring of ALT and HBsAg be performed until the SVR12 timepoint (154).
1.1.6.2.2.3 Patients with significant renal impairment or receiving haemodialysis

Multiple DAA regimens can be prescribed for patients with stage 4 and 5 chronic kidney disease,
including those receiving haemodialysis, including PrOD, GZR + ELB and GLE + PIB. SOF based regimens
should be avoided where eGFR is <30ml/min/m? or for individuals with stage 4 and 5 chronic kidney
disease due to the reduced renal clearance and accumulation of the SOF metabolite GS-331007 (196).
RUBY-1 identified SVR12 rates of 100% amongst participants with HCV GT1 infection and stage 4 and
5 kidney disease following treatment with PrOD 12 weeks (197). GZR + ELB achieved an SVR12 rate of
94% for GT1 infection, including 6% who were cirrhotic and 75% prescribed haemodialysis (198).
Similarly, GLE + PIB prescribed for 12 weeks for GT1-6 infection, including 19% of participants who
were cirrhotic, achieved an SVR12 rate of 98% (199). There are no licenced treatment regimens for

patients with both renal failure and hepatic decompensation, in whom Pls are contraindicated.
1.1.6.2.2.4 Treatment of HCV post-LT

The persistence of HCV infection post LT is universal and is associated with a high likelihood of
recurrent cirrhosis, which occurs at a median of 10 years post LT (200, 201). HCV infection following
LT may also result in fibrosing cholestatic hepatitis which is associated with high rates of graft failure
and death (202). As such, HCV treatment should be pursued following LT to mitigate these risks. Phase
[l clinical trials in post-LT recipients provide reassuring data regarding the efficacy and safety of SOF

+ LDV + RBV, SOF + VEL and GLE + PIB for this population. In SOLAR-1 and SOLAR-2, SOF + LDV + RBV
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was more efficacious when continued for 24 weeks (vs. 12 weeks) and achieved SVR12 rates of 98%-
100% in non-cirrhotic, 95%-96% in compensated cirrhotic, 88%-100% in CTP class B and 75%-80% in
CTP class C post-LT participants (190, 193). A study including 79 post LT participants with GT1-4
infection treated with 12 weeks SOF + VEL who were non-cirrhotic or had compensated cirrhosis
achieved an SVR12 rate of 96% (203). Similarly, 98% of non-cirrhotic post-LT participants with HCV
GT1-6 infection treated with 12 weeks GLE + PIB achieved SVR12, including a subset who were

treatment experienced (204).
1.1.7 Improved clinical outcomes after successful HCV treatment

1.1.7.1 PEGIFN RBV era

Prior to the availability of all oral DAA therapy, PEG IFN RBV were prescribed for HCV treatment which
were long duration and associated with significant toxicity (205). SVR rates were also significantly
lower compared to contemporary DAA treatments (205). Data from this era however demonstrated
improvements in clinical outcomes for patients with HCV infection who achieved SVR (compared with
their non-SVR counterparts). These data demonstrate that SVR post PEG IFN RBV was associated with
reduced all cause and liver-related mortality, progression to transplantation, and HCC incidence (77,
206). These improvements in morbidity and mortality are endorsed by multiple data including
systematic reviews and metanalysis which determined a >50% reduction in all-cause mortality, liver
related mortality and HCC, and that these benefits were enhanced in those with cirrhosis or HIV
coinfection (78, 207, 208). SVR post successful HCV treatment has also been associated with a
reduction in the hepatic portal venous gradient (HPVG) and a reduced likelihood of portal

hypertensive complications, and similar improvements following DAA therapy are anticipated (209).
1.1.7.2 HCV DAAera
1.1.7.2.1 Patients with compensated liver disease

Data regarding improved liver and non-liver related morbidity and mortality following HCV DAA
treatment is emerging. A United States Veterans Affair’s Registry for Hepatitis C observational study
identified an association between SVR12 and improved liver and non-liver related outcomes in
Veterans with advanced fibrosis (FIB-4 score >3.25) after DAA therapy (210). These data indicate that
achieving SVR12 was associated with a 79% reduction in all-cause mortality and 84% reduction in
incident HCC, however the median follow-up period was limited to 1.6 years. Similarly, a French study
determined that achieving SVR (PEG IFN RBV and DAA therapies) was associated with reduced all-
cause mortality (HR 0.27 [0.18-0.42]), liver related mortality (HR 0.19 [0.10-0.36]), HCC (HR 0.26 [0.19-
0.43]), and hepatic decompensation (HR 0.26 [0.17-0.39]), compared with their non-SVR counterparts
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in those with compensated cirrhosis (211). Reduced all-cause mortality were also noted in the Veteran
Affairs’ cohort in those without advanced fibrosis (FIB-4 score <3.25) who achieved SVR12 post DAAs

compared to non-SVR12 Veterans (59% reduction) or those never treated (69% reduction) (212).
1.1.7.2.2 Patients with decompensated liver disease

SVR12 following HCV DAA therapy is associated with improved liver-related outcomes in patients with
decompensated cirrhosis. This includes a reduction in the HVPG which theoretically should confer a
reduced likelihood of portal hypertensive complications including portal hypertensive bleeding, and
ascites (213, 214). Studies which have investigated the safety and efficacy of DAA therapy in
decompensated cirrhotic participants have shown improvements in CTP and MELD scores with when
SVR12 is achieved (189, 192, 193). In ASTRAL-4, 47% of participants who achieved SVR12 improved at
least one CTP class and over half had lower MELD scores (188). In SOLAR-2, 52% of CTP class B
participants improved to class A with DAA treatment (193). Similar improvements in CTP class were
observed in ALLY-1, a study of SOF + DCV +/- RBV in decompensated cirrhotic participants (189). HCV
DAA treatment has also been associated with a reduced need for LT in patients who achieve SVR12.
In Catalonia, Spain, following the introduction of DAAs, the frequency of LT waiting list admission
reduced by 25% and 3-year survival rates post LT were also improved (215). The improvement in 3-
year survival was driven by reduced mortality amongst HCV positive LT recipients who were treated
with DAAs post-LT compared to those who underwent LT during the pre-DAA era (91% vs 76%,
p<0.05). Alternate data originating from Spain demonstrated that 25% of patients with HCV infection
awaiting LT who achieved SVR12 could be delisted (216).

1.2 HCV risk factors for transmission and epidemiology

1.2.1 HCV transmission

Most incident HCV infections in developed countries are acquired through IDU or transfusion of
contaminated bloods product, the latter of which has become infrequent since the introduction of
routine blood product screening in the early 1990s. Other transmission sources include iatrogenic
parental exposure, unsafe tattooing practices, and sexual and vertical transmission which are

discussed below.
1.2.1.1 Injecting drug use

IDU remains the primary risk factor for HCV transmission in Australia and other high-income countries,

and HCV prevalence amongst PWIDs is high. The odds ratio of prevalent HCV infection among PWIDs
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compared with non-PWIDs exceeds 50 (217). A systematic review identified a wide midpoint
prevalence of HCV infection amongst PWIDs of 9.8% to 97.4%, however, over 25 countries included in

the analysis reported a prevalence of 60-80%, and in 12 countries this exceeded 80% (218).

HCV is transmitted amongst PWIDs via the sharing of needles, syringes and other injecting
paraphernalia, and the virus can remain viable for up to 63 days on some injecting equipment (219).
The ability for HCV to be transmitted through IDU is evidenced by the high likelihood of HCV
seroconversion amongst PWIDs with short injecting histories. For example, 32% of PWIDs had HCV
seroconversion within 12 months of IDU commencement, and this risk was enhanced in resource
limited settings where it increased to 59% (220). HCV incidence, however, can be reduced by as much
as 50% to 74% in settings where OST and needle and syringe exchange programs (NSPs) are readily

available to PWIDs (221).

In Australia, mathematical modelling has demonstrated that IDU accounts for approximately 89% of

incident HCV infection (222).
1.2.1.2 Blood and blood product transfusion

Blood product transfusions contributed significantly to HCV incidence and prevalence both in Australia
and abroad prior to the introduction of routine HCV testing of blood donations. After the introduction
of antibody testing in 1990, and subsequent HCV PCR testing in 1999, the risk of HCV infection has
been significantly reduced to less than one per one million transfusions in developed countries (223,
224). Prior to 1990, it was determined that 190 of 100,000 blood product transfusions in Australia
resulted in HCV infection (225). In similar series beyond Australia, as many 10% of blood transfusion
recipients acquired HCV infection (226) and over 90% of patients with transfusion related hepatitis

were retrospectively identified as HCV seropositive (227).

The populations most at risk of transfusion related HCV infection included those with haemophilia and
thalassemia, who may have a reliance on blood products (228). Prior to 1990, 99% of haemophiliacs

who received regular factor VIl concentrate were retrospectively identified as HCV seropositive (228).

In the era of risk-factor based screening and testing of blood donations in Australia, however, no cases
of transfusion-related incident HCV infection were identified between 2007-2016 (229). Whilst this
route of transmission has been largely eliminated in industrialised countries through these measures,
blood transfusions, in addition to other iatrogenic HCV transmission, continues to contribute to

incident infection in low- and middle-income countries (230).
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1.2.1.3 Healthcare associated transmission

Healthcare associated HCV transmission includes incident infection from patient-to-patient,
healthcare worker (HCW)-to-patient and patient-to-HCW exposure. This remains rare in most
developed setting due to stringent infection control measures however deviations from aseptic
technique, infection control or other procedural protocols can result in incident infection (231). In one
region of low PWID prevalence, prior dental procedures, surgery and needle stick injuries were
associated with an increased likelihood of HCV infection (232). Clusters of HCV infection have also
been reported from unsafe injecting practices including shared use of syringes or drug vials between

multiple patients, and cases of intentional diversion of a controlled substance by HCWs (233-235).

Specific healthcare scenarios associated with HCV transmission include organ transplantation and
historical vaccination programs in resource limited settings using inappropriate infection control
practices. The is a high likelihood of HCV infection when solid organs are received from an HCV
seropositive donor. In one series, over 75% of recipients became HCV-seropositive or had detectable
HCV RNA after solid organ transplantation from an HCV-seropositive donor (236). Subsequently,
however, in the era of HCV RNA testing, HCV-antibody positive, RNA-negative organs are now utilised
with negligible transmission risk (237). The role of HCV RNA positive donor organs for HCV
seronegative recipients is also increasingly being explored and in Australia, HCV RNA positive donors

are currently actively considered for transplantation, if a suitable recipient is identified (238, 239).

Healthcare associated HCV transmission has also been associated with large scale vaccination
programs. The most significant of these was the Egyptian schistosomiasis vaccination program where
the use of contaminated injecting equipment resulted in significant incident infection; HCV prevalence

now exceeds 15% in some affected regions (240).
1.2.1.4 Sexual Transmission

The likelihood of sexual transmission of HCV is low (241, 242). The risk of HCV transmission between
heterosexual monogamous couples has been investigated in two prospective studies (243, 244). The
first recruited 500 monogamous couples who were followed for 15 years and the frequency of HCV
seroconversion was determined. Overall, 4% of partners became HCV seropositive during follow up,
however genotype discordance was noted in approximately half of cases suggesting an alternate
source of HCV infection. Subsequent phylogenetic analysis demonstrated that true sexually acquired

infection occurred in only 0.6%.

Risk factors for sexual transmission of HCV include heterosexuals with multiple sexual partners (OR
2.2-2.9), men who have sex with men (MSM) due to higher risk sexual practices and MSM with HIV

coinfection (OR 4.1-5.7) (245). There has been an increase in HCV transmission particularly in HIV
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positive MSM due to increased higher risk sexual practices since the introduction or antiretroviral

therapy (ART), including in Australia and abroad (246, 247).
1.2.1.5 Vertical / perinatal transmission

The rate of HCV vertical transmission is low and is estimated to be between 5-6%, and the risk
correlates with the magnitude of HCV RNA titres in pregnant woman (248, 249). The rate of vertical
HCV transmission is increased approximately 2-fold, however, among HCV positive woman with HIV
coinfection which is a significant risk factor for transmission (249). Vertical HCV transmission risk has
not been associated with mode of delivery (vaginal birth compared with lower uterine caesarean
section) or breastfeeding (250). There are no documented cases of HCV transmission from HCV

seropositive, RNA negative women.
1.2.1.6 Tattoos and permanent make up procedures

Tattooing has been associated with the HCV transmission, particularly prior to 1990 (251). The
transmission risk is enhanced when tattooing was performed in a non-professional setting (251, 252).
Further studies including a large case-control trial have confirmed this association (OR 3.81) which
was sustained even when other risk factors for transmission including IDU and prior blood transfusion
were controlled (253). This risk has significantly declined since 1990, where tattooing is performed in

professional settings.

1.2.2 HCV prevalence

1.2.2.1 Global HCV prevalence

A recent systematic review has estimated that 1.0% of the global population, or 71 million people,
have HCV infection (254). This estimate was informed by prevalence data from 113 countries, which
represent 92% of the global population. There was, however, significant heterogeneity in HCV
prevalence between different geographical regions. Regions where HCV viraemia prevalence was
high, exceeding 3%, included Central and South Asia, Eastern Europe and Africa. This included
countries such as Gabon (7.0%), Mongolia (6.4%), Egypt (6.3%), Uzbekistan (4.3%) and Georgia (4.2%).
Similarly, many regions had low HCV prevalence, and this was noted to be less than 0.1% in certain
countries including the Netherlands, Samoa and Fiji. Six countries including China, Pakistan, India,

Egypt, Russia and the USA accounted for over half of all HCV infections globally (254).

The prevalence of different HCV genotypes also varied between geographical regions. Genotype 1 was
estimated to account for 44% of infections globally, genotype 3 for 25% and genotype 4 for 15%.

Genotype 1 accounted for the majority (65%) of HCV infections in high- and middle-income countries,
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where genotype 3 represented a higher proportion of HCV infections in middle- and lower-income

countries compared with its global prevalence (36% vs 25%).
1.2.2.2 Australian HCV incidence and prevalence

HCV infection is a notifiable disease in Australia and data regarding HCV incidence and prevalence is
publicly available through the Department of Health, Australian Government (255). In 2015, there
were approximately 11,000 newly diagnosed HCV infections, reflecting an incidence of 46 per 100,000.
In most cases the nature of these infection was unspecified (96%), however in 441 cases they were
reported as newly acquired (4%). Most of these infections occurred in men (66%), and most were aged
30 years or older (77%). Notifications more commonly originated from metropolitan rather than
regional locations (63%). Whilst Aboriginal and Torres Straight Islanders account for 3% of the

Australian population, they accounted for 9% of newly diagnosed HCV infections.

Australia’s HCV incidence was stable between 2011 to 2015 with 44.8-46.5 notifications received per
100,000 persons per year. Compared to the 10-year period preceding 2011, there had been a decline
in HCV notifications by 12% (256).

In 2015, the number of Australians living with HCV infection was estimated to be 227,306 which
included a proportion who remained undiagnosed (256). Since HCV direct-acting antiviral (DAA)
treatments became available on the Australian Pharmaceutical Benefit Scheme in March 2016, it is
estimated that 70,260 Australians have been treated, and that an additional 4,340 were treated prior
to this via DAA early access programs and clinical trials (257). As such, an estimated 33% of Australians
with chronic HCV infection have now been treated and contemporary prevalence data reflecting this
treatment effect are anticipated. It is estimates that genotype 1 accounts for 55% and genotype 3

accounts for 38% of those chronically infected in Australia (258).
1.2.3 Epidemiology of HCV infection in prisons

1.2.3.1 Prevalence of HCV infection in prisons

Due to the close association between IDU and incarceration, there is a high prevalence of HCV
infection amongst prison detainees globally. The prevalence of HCV infection in prisoners has recently
been captured in two large systematic reviews (259, 260). One systematic review that included data
from 46 countries identified a midpoint prevalence of HCV infection of 15.1%, however differences
between geographical regions were noted (260). This included a high HCV prevalence of 20% in certain
regions including Central Asia. The second systematic review investigated HCV seroprevalence (rather
than viraemia) which was 26% based on multiple data sources (244). The highest prevalence was also

noted in central Asia (30%).
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Australian HCV prevalence data is informed by a National Prison Entrants’ Blood Borne Virus survey
which investigates HCV seroprevalence amongst persons entering each jurisdiction’s prison systems.
In 2016, 22% of the surveyed prisoners were HCV seropositive, which increased to 50% amongst

prisoners who reported a history of IDU (261).
1.2.3.2 Incidence of HCV infection in prisons

Incidence of HCV infection amongst detainees has been estimated at 1.4 infections per 100-person
years, with a range of 0.04-4.5 per 100-person years in one systematic review (259). The risk of
incident infection was significantly greater amongst prisoners who reported a history of IDU (16.4
infections per 100-person years (range 5.5-34.2)). An alternate systematic review determined that
HCV incidence ranged from 0.4-14.1% per annum, however due to the low availability of data only
four countries were included in the analysis (260). Data from three of these countries reported HCV
incidence of 0.4-1.7% however an Australian study demonstrated an incidence of 14.1% per annum
amongst HCV seronegative prisoners incarcerated in one Australian jurisdiction who identified as
PWID (262). Continued follow up of this cohort of incarcerated HCV seronegative PWIDs
demonstrated that this incidence was sustained at 11.4 new HCV infections per 100-person years
(263). Amongst individuals who identify as PWID who are incarcerated, there is a 62% increase in HCV
incidence (264). There is no recent Australian data regarding HCV incidence amongst general

detainees who do not report a history of IDU.
1.2.3.3 Prisons and PWID prevalence

The is a close association between PWIDs and incarceration due to the criminalisation of IDU and it is
estimated that the lifetime risk of incarceration for PWIDs is 54-90%. Recidivist IDU following
community re-entry is also strongly associated with reincarceration (265-267). Incarceration itself is
also correlated with a likelihood of incident HCV infection (264). The prison setting provides an
excellent setting for engaging PWIDs in HCV treatment as it is estimated that 50% of PWIDs

incarcerated in Australia are HCV seropositive.

1.2.4 Prevalence of PWIDs globally and HCV infection amongst this group

The global prevalence of active PWIDs, defined as those who had injected drugs within 12 months, as
well as the percentage who were anti-HCV positive was investigated in a recent systematic review
(268). The analysis included data from 176 countries, representing over 99% of the global population
aged 15 to 64 years old. The overall prevalence of current PWIDs was 0.33% and was greatest in

eastern Europe (1.30%). In Australia, it is estimated that 0.59% of the population are current PWIDs.
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Anti-HCV prevalence amongst PWIDs was also estimated in the systematic review (268). This
determined an anti-HCV prevalence of 52.3% amongst PWIDs globally. This estimate was higher for

the Australasian region (57.1%).

1.2.5 World Health Organisation (WHO) Viral Hepatitis Elimination Targets

Due to the significant global burden of HCV infection and the associated morbidity and mortality, the
WHO developed an advocacy brief calling for the elimination of HCV and HBYV infections as public
health threats by 2030 (269). The agenda details the importance of increased testing, preventative
health measures including vaccination and harm reduction, and reducing costs and improving
availability of antiviral therapy. The stipulated targets for HCV infection, specifically, include an 80%

reduction in HCV incidence and 65% reduction in HCV-related mortality.

1.2.5.1 Importance of HCV treatment for PWIDs and within prisons to achieve the WHO

targets

Multiple mathematic modelling studies have identified that prioritising HCV treatment for PWIDs
(rather than non- or ex-PWIDs) results in the most significant reduction of community HCV prevalence
and incidence and is key to achieving the WHO Elimination Targets (270-273). Increasing treatment
uptake amongst PWIDs has secondary benefits of treatment as prevention and interrupting onward
transmission, in addition to the benefits for the individual. An Australian modelling study which
considered HCV transmission, reinfection, treatment-related costs and interruption to liver disease
progression determined that if 59/1,000 current Australian PWIDs were treated for HCV annually, the
WHO elimination targets would be achieved in a cost-effective manner using a willingness-to-pay

(WTP) threshold of $50,000 AUD per quality adjusted life year (QALY) (274).

Modelling data also demonstrates that increasing HCV treatment within prisons can achieve
significant reductions in community HCV incidence and prevalence, on account of the high HCV
prevalence amongst prisoners. This data demonstrated that 28% of incident infections in Scotland
were related to incarceration, and that HCV incidence was greatest in the immediate post-release
period. Where prison-based HCV programs were able to treat 80% of all incarcerated PWIDs with HCV
infection who had an anticipated incarceration duration of at least 16 weeks, the model anticipated a
45% reduction in Scotland’s community HCV incidence and prevalence by 2030 through this
intervention alone (275). Prison-based HCV treatment programs have also been modelled as cost
effective, as evidence by English data using a WTP threshold of 13,000 pounds per QALY, where certain

screening and treatment requirements were satisfied (276).
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1.3 Prisons and HCV infection

1.3.1 Prison based HCV treatment

1.3.1.1 Barriers to prison-based HCV treatment
1.3.1.1.1 HCV Testing and assessment within the prison system

The WHO recommends that all prisoners are tested for blood borne viruses including HCV whilst
incarcerated (277). Despite this, data demonstrate that only 34% of European countries have formal
HCV testing protocols, and only 25% of USA prisons offer routine testing to their detainees (278-280).
In some cases, where HCV testing is available, it is restricted to prisoners with risk factors for infection
such as abnormal liver function tests or IDU status despite the high prevalence within prisons more
broadly (281). Risk based testing can miss a significant number of prisoners with HCV infection, and is
at odds with incarceration itself being significantly associated with HCV infection (217, 282). The
likelihood of HCV testing within prisons in some developed countries remains low despite blood borne
virus testing policies, and percentage of prisoners screened for HCV ranged from 3-30% in two studies
from Canada and the United Kingdom (283, 284). Barriers to effective HCV testing include perceived
stigma, low prioritisation of screening by prison health services operating within tight financial
budgets, frequent prisoner transfer between discrete prison sites, lack of testing protocols and
prisoner factors including lack of knowledge, fear of diagnosis or implications on IDU practices (285-
287). Difficulties with venepuncture encountered by some PWIDs can also contribute to reduced
testing rates and can be improve using novel testing modalities including dried-blood spot testing
(288). The predominance of opt-in and risk-based HCV testing may be contributory and screening

coverage could be improved by utilisation of opt-out testing protocols (285).

Once prisoners are diagnosed as HCV seropositive, further diagnostic testing including HCV RNA PCR
are required for confirmation of current infection. In one series, however, only 62% of prisoners
identified as HCV seropositive whilst incarcerated underwent PCR testing (289). A study from the US
also demonstrated that only 18% of prisoners in one jurisdiction who screened positive for chronic
HCV infection were referred for HCV assessment and treatment whilst incarcerated (289). Prisoners
also require fibrosis assessment however data demonstrates the limited availability common
modalities including transient elastography in prisons and reliance on external providers which results
in significant assessment delays (290). These data demonstrate the ongoing challenges with HCV

screening, diagnosis, referral, assessment and retention in care in the prison setting.
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1.3.1.1.2 Treatment within the prison system

There are barriers within the prison to commencing and continuing HCV therapy. Many prison health
services or government policies mandate physician review prior to commencing HCV therapy which
results in significant treatment delays and transfer to external hospitals for assessment which is at

odds with short average prison sentences (286, 290, 291).

Historical HCV treatments including PEG IFN RBV were also poorly suited to the prison setting on
account of their long duration, high toxicity and high rates of discontinuation (291, 292). PEG IFN RBV
was also contraindicated in those with severe or uncontrolled psychiatric iliness and data demonstrate
that up to 50% of prisoners report a mental health diagnosis which rendered many ineligible for
treatment (293, 294). Prisoners also experience frequent interprison transfer across a jurisdiction

which resulted in interruption and discontinuation of PEG IFN RBV treatment (287, 291).

DAAs have now replaced PEG IFN RBV as first-line HCV treatment. A barrier to their widespread use
in the prison setting however has been the significant medication list price which ranges between

$54,000 and $147,000 US dollars per treatment (295).
1.3.1.2 Efficacy of prison-based HCV treatment
1.3.1.2.1 PEG IFN RBV prison-based HCV treatment

There are seven studies which investigated the efficacy and safety of HCV treatment using PEG IFN
RBV in the prison setting. In these studies, a minority of patients had cirrhosis which was no greater
than 16% in any series (296-302). There was also a significant discrepancy between the number of
prisoners with chronic HCV infection referred for treatment compared with those who initiated
treatment, which was less than 50% in all studies, reflecting the significant barriers to HCV care as
described. All models of care were resource intensive and reported a high reliance on specialist-led
care and frequent hospital transfer for assessment and medical investigations. Rates of early
discontinuation of PEG IFN RBV were 13-62% and overall SVR12 rates were 40-83% per protocol and
21-53% on intention-to-treat analysis. One study demonstrated that prison-based HCV treatment

achieved similar outcomes to community-based care (302).
1.3.1.2 DAA based HCV treatment programs

At commencement of this thesis, there were no published data demonstrating the efficacy or safety
of prison-based HCV treatment. At completion of this thesis, multiple data are now available which
demonstrate that prison-based HCV treatment with DAAs is safe and achieves high rates of cure in
large numbers of prisoners (303-310). Alternate models of HCV care are utilised in different regions.

This includes telemedicine, where treatment is directed by a specialist who consults with prisoners
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utilising video conferencing technology from a remote site. Other models including in-reach services
where doctors and/or nurses with HCV expertise visit prison settings for assessments and initiation of
HCV therapy and prison-based models where existing prison medical staff upskill in HCV management.

In all studies, treatment discontinuation was uncommon.
1.3.2 Victorian prison system

The Victorian adult prison system is comprised of 15 adult prisons (13 male, two female), of which one
is a step-down transition centre and three are privately operated. As of March 2020, there were 8,087
prisoners of who 11% (n=864) identified as Aboriginal or Torres Strait Islander (311). Over 10,000

people are received into the Victorian prison system each year.
1.3.2.2 Victorian prison system, HCV and IDU

The National Prison Entrants’ Bloodborne Virus Survey most recently determined a HCV
seroprevalence of 24% amongst prisoners received into the Victoria prison system, and 48% amongst
those who identified as PWIDs (261). Harm minimisation is available to Victorian prisoners and
includes OST and bleach for the cleansing of syringes and other injecting paraphernalia. Approximately

11% of prisoners in Victoria are prescribed OST (312).

Prior to the introduction of DAA and the current nurse-led model of care, the existing model of HCV
care used IFN-based treatment regimens, and included protocolised assessments and review by
hepatologists, psychiatrists, prison medical officers, and hepatology clinical nurse consultants
(unpublished data). Prisoned-based HCV treatment was only available in two prisons and PEG IFN RBV
treatment was discontinued in the setting of interprison transfer. Approximately 5-10 prisoners

annually were commenced on PEG IFN RBV.
1.3.3 The post prison release experience and linkage to HCV care

1.3.3.1 Competing priorities and challenges following community re-entry

Former prisoners encounter multiple challenges on community re-entry. Issues which require
immediate attention include establishing stable accommodation, gainful employment, renegotiating
old and new social networks and linking to healthcare services. Data regarding these key issues is
discussed below, including how the continuum of HCV care amongst former prisoners performs

amongst these competing priorities.
1.3.3.1.1 Employment

Former prisoners experience difficulties in establishing and maintaining gainful employment.

American data demonstrates that 40% of former prisoners were not gainfully employment within 12
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months of release (313). Similarly, only 30% of Norwegian prisoners achieved employment 3 years
after re-entry (314). The challenge of maintaining employment was a key finding in a Finnish study
which demonstrated that while gainful employment was achieved for a majority, this was sustained
for only 10% (315). Factors associated with increased gainful employment following re-entry include
pre-imprisonment work experience, connection with employers prior to release and returning to a
conventional family setting, while drug and alcohol recidivism and chronic physical and mental health
comorbidities were associated with unemployment (316). When gainful employment was achieved,
multiple data indicated that this is associated with reduced recidivism and reincarceration (313, 314,

317, 318).
1.3.3.1.2 Housing

Australian data indicate that over 20% of Victorian prisoners were homeless or had unstable
accommodation prior to incarceration (319). Stable accommodation remains a significant challenge
following community re-entry; over 50% of Australian former prisoners will move residence two or
more times within twelve months and 21% are immediately homeless post release (320). The
challenges of house instability were endorsed by findings from a large American study which
demonstrated an average of 2.59 residential moves per year amongst approximately 3000 recently
released prisoners (321). This may be the result of individuals possessing little to no income,
encountering discrimination from private landlords, having high reliance on others for housing
security and being excluded from certain public housing programs (322). Despite these significant
challenges, only 15% of Victorian prisoners were released with transitional support programs
equipped to provide accommodation support (319). When the transition support for these 15%
expired however, 44% of females and 22% of male former prisoners then became immediately

homeless.
1.3.3.1.3 Recidivist illicit drug use

Australian data indicate that 55% of released prisoners resume illicit drug use within the first months
following community re-entry, and 30% report IDU specifically (323). Of those with recidivist IDU, 50%
reported the shared use of injecting paraphernalia. More contemporary Australian data identified that
41% of 533 ex-prisoners with an IDU history reported recidivist IDU within 6 months of prison release,
most of whom relapsed within the first month (324). Other Australian and international data identified
likelihoods of drug and alcohol recidivism between 8-68%. A Russian study evaluating time to recidivist
drug use identified a median period of 30 days, and the likelihood of relapse was higher amongst those

who were unemployed (325).
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The high rates of recidivist IDU and low opiate tolerance following incarceration contribute to the
increased likelihood of death, largely secondary to non-intentional opiate overdose, in the immediate
post release period. Of 30,237 prisoners followed for a mean period of 1.9 years, 443 died resulting in
an overall mortality rate of 777 per 100,000 person years (326). The risk of death was 12.7 times higher
than their community counterparts in the immediate 2 weeks following prison release with a 129-fold
relative risk of death from overdose during this time-period. This risk is enhanced in the immediate
two weeks following release and is 3-8 times higher during this time than compared with 3-12 weeks
post release (327). There is also a high incidence of non-fatal overdose in the first 2 weeks following

prison release which was 27-29 per 100-person years in alternate data (328, 329).
1.3.3.1.4 Health and linkage to care

Incarceration may confer a period of stability for individuals and health conditions can be optimised
(330). Up to 90% of prisoners, however, report no regular primary care physician prior to incarceration
and as such, the stability of any chronic disease management achieved in prison is interrupted (331).
Additionally, 75-90% of recently released prisoners in the USA do not have public or private health
insurance within 3 months of community re-entry which adds to the complexity of accessing medical
care (332, 333). In this context, there are multiple health-related challenges encountered by prisoners
during community re-entry. Poor healthcare utilisation has been attributed to competing priorities
including homelessness and unstable housing, poor resources required to make and attend

appointments, drug and alcohol recidivism, reincarceration and poverty (334).

There is a high prevalence of HIV infection amongst prisoners, particularly in the USA, and it is
anticipated that one in seven of USA citizens with HIV infection will be incarcerated each year (335).
As such, prisons provide an ideal setting to engage people living with HIV infection in care (336). There
are however barriers to HIV care continuity on community re-entry. For example, only 30% of
prisoners living with HIV infection engaged in prison-based care had their anti-retroviral medication
prescription dispensed within two months of re-entry, which was provided prior to release (337).
Furthermore, only 50% had linked to care within 3 months, evidenced by a HIV viral load test result
(338). Moreover, 30% of those former prisons had detectable HIV viraemia suggestive of anti-
retroviral medication interruption. The median time to linkage to care was significantly longer for
black Americans. Recidivist drug and alcohol use in HIV positive ex-prisoners is associated with a lower
likelihood of linkage to care, poor adherence to anti-retroviral treatments and increased high risk
behaviours (339). Other factors negatively associated with HIV linkage included conditional release
and reincarceration, whilst the presence of multiple medical comorbidities, and longer duration of
incarceration had positive associations (340). There is also a high reliance on emergency services

amongst former prisoner with HIV infection with 56% presenting to emergency departments within
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12 months of release, most commonly for febrile syndromes, substance misuse related presentations,
trauma and mental health diagnoses (341). Many prisoners with HIV released from prisons in the USA
reported that linking with HIV care post release was significantly more challenging than anticipated
(342). A recent systematic review which investigated facilitators and barriers to HIV care following
incarceration to inform HCV linkage to care strategies identified that social support, linkage to an
existing primary care provider, and receipt of OST facilitated linkage to HCV care (343). Barriers to HCV
care included perceived lack of healthcare information and lack of specialised linkage to care programs
whilst unstable housing, age less than 30 years, HIV related stigma, poor providers’ attitudes and lack
of post release integration services were barriers to success linkage to HIV transitional care (Yanes-

Lane).

In the absence of a regular healthcare provider, the emergency department is frequently used by
former prisoners for urgent care. One study identified that recent incarceration was significantly
associated with emergency department presentation, and also a history IDU, opiate use, sexually
transmitted infection and survival sex trading (344). Furthermore, in one Australian jurisdiction, 20%
of those released from prison were admitted to hospital within 12 months, more commonly Aboriginal

or Torres Strait Islanders, females and in people with mental health diagnoses (345).

Former prisoners with mental health diagnoses are at particular risk of deterioration during re-entry.
This includes 50% of former prisoners with substance use disorder reporting recidivist drug use shortly
after release (346). Those prisoners re-entering the community with mental health diagnoses also
reported poorer health, had more frequent hospitalisations, more suicidal ideation, greater difficulties
securing housing and employment and less financial support from family than those without these

diagnoses (347). There is also a higher rate of reincarceration amongst this group (348).

There is also a disproportionally high prevalence of non-communicable diseases including
hypertension and type Il diabetes amongst prisoners, and less than half these individuals were

successfully linked to care post release (349, 350).
1.3.3.1.5 Social Engagement

An important matter regarding community re-entry is re-establishing social connections with family
and friends. Re-engaging previously meaningful relationships can however be a source of anxiety for
released prisoners and many report insecurities regarding how they will be received (351). Certainly,
some prisoners and their family identify challenges during reconnection, should that desire to
reconnect be present at all (352). Data demonstrate that where successful social reconnections are
established, there may be resultant benefits for the individual including a lower likelihood of

recidivism, a higher likelihood of employment and improved overall sense of wellbeing (353). Re-
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establishing social relationships also tend to result in increased housing, financial and emotional
support from family members (354). Nonetheless, the success of social engagement is affected by the
complexinterplay of issues facing re-entering individuals and is less likely to be successful or sustained
in the setting of substance misuse, mental health diagnoses, weakened family ties, unstable housing

and lower levels of employment (351).
1.3.3.1.6 Likelihood of HCV linkage to care in this context

There is limited data exploring the likelihood of former detainees with HCV infection linking to care
post community re-entry. One retrospective study investigated the likelihood of individuals released
from prison with untreated HCV linking with HCV care following community re-entry (as evidenced by
a HCV RNA blood test result). Of the 1605 individuals followed for 6 months, only 138 (9%) engaged

with care within this time frame.
1.3.3.2 Initiatives to improve linkage to care amongst recently release prisoners

Due to the poor continuity in healthcare amongst former detainees, and the high burden of
communicable and non-communicable diseases amongst this group, multiple interventions have been
developed and evaluated to improve healthcare continuation. Such interventions are described

below, including a small study describing HCV linkage to care initiatives.
1.3.3.2.1 Case management

The efficacy of intensive case management during community re-entry, and its impact on healthcare
utilisation, has previously been described. This includes the ‘Project Bridge’ intervention which was
initially described in 2001 and provides case management, mental health triage, referral to substance
misuse services, community program engagement and referral to HIV management services, where
appropriate, for recently released prisoners (355). This intervention achieved linkage to medical care
for 75% of participants (where a need was identified), and 67% of those reporting substance misuse
were also linked to appropriate drug and alcohol services. These data highlight that transition support

can significantly improve continuation of medical care during community re-entry.

Multiple subsequent studies have highlighted the benefit of intensive case management for released
prisoners, particularly for those with HIV infection (356-360). Interventions evaluated in these studies
included video conference introductions with community case managers prior to release, scheduled
review meetings in the community, transportation to medical appointments, brief educational
interventions, assistance with social security and housing, referral to mental health and drug
recidivism services, and connection with employment agencies. One such program delivered by peer

navigators was associated with a higher likelihood of linkage to HIV care within 30 days (OR 2.15),
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which was sustained at 12 months post release (359). Similarly, 79% of prisoners enrolled in another
case management re-entry program were engaged with appropriate medical care and 74% also
received additional community services (357, 358). This benefit was most pronounced where
successful contact with participants was achieved both within the prison (prior to release) and
community, and then the prison alone, and then community alone, suggesting the importance of

initiating contact whilst incarcerated to build rapport and to facilitate appropriate discharge planning.

Qualitative data also supports the acceptability of case management interventions provided during
re-entry (356). Case management for HIV positive individuals following release is associated with
reduced internalised or perceived stigma which in turned minimised apprehension in accessing

community HIV services (360).

Case management of released prisoners with significant mental health diagnosis resulted in a higher
likelihood of linkage to primary health care (87% vs 38% amongst controls) and continuation or
commencement of psychotropic medications (80% vs 38% amongst controls) (361). Similarly, amongst
individuals with mental health diagnoses engaged with transition services, median time to linkage was

two days compared with 185 days in a historical matched cohort (361).
1.3.3.2.2 Discharge planning / educational interventions during incarceration

Prison-based discharge planning and educational interventions have been associated with improved
healthcare utilisation following release from prison. Regarding HIV care, two studies have
demonstrated that prisoners who received comprehensive discharge planning including referral to
community HIV providers were 10 times more likely to achieve healthcare continuity (358, 362).
Similarly, 75% of HIV positive prisoners who had video-conferencing arranged with their community
HIV provider during discharge planning were retained in care in the community (363). HIV disease
management education programs delivered prior to release also resulted in a higher likelihood of

linkage to care and also sustained linkage at 12 months post release (364).

Brief educational interventions regarding sexually transmitted infections and their transmission were
associated with lower likelihoods of high-risk sexual behaviours following release (365, 366). This
effect was enhanced when education was provided over multiple sessions. Similarly, prisoners with
latent tuberculosis who were released with partial treated were more likely to complete therapy in
the community (65% vs 48%, p>0.05) where prison-based tuberculosis group education was provided
(367). Educational programs for prisoners with mental health diagnoses designed to foster health-
related knowledge and other important life skills have also been associated with enhanced rates of

healthcare engagement (361).
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1.3.3.2.3 Transportation provision

Assistance with transportation to and from medical appointments following community re-entry has
been positively associated with linkage to HIV care (aOR 2.04 [Cl 1.49-2.79]) highlighting that these
practicalities remain a significant barrier to care (364). Another study demonstrated a numerically
higher likelihood of linkage to care amongst former prisoners provided with transportation support
(368). Qualitative data also describes the importance of social reconnections to facilitate

transportation assistance from family and peers (342).
1.3.3.2.4 Monetary incentives

One randomised control trial investigated whether a $5 USD incentive could increase continuation of
isoniazid for latent tuberculosis amongst individuals released on treatment (367). The researchers
noted that while 65% of prisoners with latent tuberculosis were released during their isoniazid
treatment course, only 24% of matched historical controls continued therapy after release. They
therefore randomised prisoners to tuberculosis education and S5 USD payment versus education
alone. 37% of former prisoners in both arms attended transition clinics following release, and although
the effect of the cash payment wasn’t additive, the rate of linkage to care achieved through education

alone was significantly higher than in the matched historical cohort.
1.3.3.2.5 Transition clinics and linkage with primary care physicians

The impact of transition clinics on healthcare continuity has been investigated in multiple clinical trials.
One study identified a high engagement in transitional care, with a median period of 10 days between
re-entry and review (350). Prisoners with HIV were retained in care for at least six months in 86% of
cases, however this was lower for those whose primary diagnosis was hypertension (45%), diabetes

(43%) or opioid dependence (33%).

Another transition intervention study determined whether medical, psychosocial and chronic disease
self-management would result in higher primary health care utilisation and minimise emergency
department presentations (369). Prisoners were randomised to either the transition clinic or to
standard of care (appointment scheduled with primary care physician on a prisoner’s behalf
immediately post release). Whilst the rates of retention in primary health care was not statically
different between groups (37.7% vs 47.1%), those engaged in transition clinic care were significantly
less likely to presented to the emergency department for urgent care during follow up. The cohort
was significant for high rates of homelessness (38%), ethnic minorities (86%) and those without a

primary healthcare provider prior to incarceration (331).
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Furthermore, an Australian study identified that former prisoners who had engaged with primary
health care within one month of community re-entry were more likely to utilise mental health (aHR
1.65), alcohol and other drug services (aHR 1.48) and subsequent primary care services over the
following 6 months (370). Prisoners with mental health diagnoses who were managed by transition
clinics on community re-entry were more likely to be engaged with appropriate psychiatric services

following release (361).
1.3.3.3 Transition interventions specific to HCV infection

Only one study has investigated HCV transitional care during prisoner re-entry. This was a single arm
clinical trial in which prisoners with HCV who were released without treatment were recruited (371).
Following community re-entry, participants were supported to attend medical appointments by
providing phone call reminders, appointment rescheduling, accompaniment to appointments, and
reimbursement for public transportation. They were also referred to their prior health provider to
facilitate HCV treatment, or to another healthcare provider affiliated with the study prior to release.
Overall 31% were linked to HCV care, defined as attending a least one appointment with an HCV

provider and 20% commenced HCV treatment.

It is anticipated that linkage to ongoing specialist care for cirrhotic individuals who are successfully
treated for hepatitis C infection whilst incarcerated is also low, however there is limited data to

support this at present.

1.4 HCV viral resistance and impact on salvage retreatment amongst non-

SVR12 patients

1.4.1 HCV RAS

Multiple viral quasispecies are identified within an individual due to the error prone NS5B RdRp
polymerase, as previously discussed. As such, a population of genetically distinct, though closely
related HCV quasispecies exist within an individual. Some HCV quasispecies will harbour naturally
occurring amino acid substitutions which reduce their susceptibility to approved NS5B, NS5A and
NS3/4A protease inhibitors. Those which confer a >2-fold reduced sensitivity to particular DAAs are

termed HCV RAS.

In general, HCV RAS have reduced viral fitness compared with wild-type virus and therefore represent
a minority of quasispecies in most DAA naive individuals. These resistance quasispecies are selected,
however, with the introduction of DAA therapy as wild-type virus is rapidly eliminated and can

therefore be implicated in non-SVR12.
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While HCV RAS are identified in the sequences coding for the NS5B, NS5A and NS3/4A proteins, this
thesis investigated HCV NS5A RAS only at treatment baseline and their implication on HCV treatment.
As such, the baseline prevalence and significance of NS5A RAS only, and their implications on first line

and second-line salvage treatment are discussed below.
1.4.2 Prevalence of NS5A RAS at baseline

The prevalence of baseline HCV RAS in DAA naive populations vary between different geographical
regions. At commencement of this thesis, there was no Australia-specific NS5A RAS prevalence data

available.
1.4.2.1 GTlainfection

Multiple studies have investigated the prevalence of GT1la NS5A RAS in DAA naive patients. A
metanalysis which included NS5A RAS data from 35 phase |, Il and Il trials determined a mean
prevalence of 13.0% (372). NS5A RAS prevalence was highest in the Oceanic region, in which 15.6%
samples harboured resistant quasispecies, and was lowest in Europe (12.1%). The most prevalent
GT1a NS5A RAS was M28V in all regions. Other NS5A-inhibitor registration trials have demonstrated
a GT1la NS5A RAS prevalence of 11-23% at baseline (153, 373, 374), and amongst country specific
series, the prevalence was 11-23% (375-377). Australian data was published in 2019 and identified a
comparable baseline frequency of HCV GTla NS5A RAS (12%), and M28V remained the most

commonly identified resistance quasispecies (378).
1.4.2.2 GT1b infection

The prevalence of GT1b NS5A RAS was identified as 17.6% in a large metanalysis, which was highest
in Europe (16.8%) and lowest in the Asian Pacific region (15.6%), and the Y93H was the most prevalent
NS5A RAS in all regions (372). Other international data including large registration trials and other
country specific series have demonstrated varying baseline prevalence between 16-33% (153, 373-

376, 379, 380).
1.4.2.3 GT3 infection

Fewer data are available regarding baseline GT3 NS5A RAS prevalence. Large registration trials and
smaller country specific series identified frequencies of 12-19%, and Y93H was most commonly
identified (153, 374, 376). The prevalence of GT3 NS5A RAS was significantly higher in China, where it
exceeded 50% due to the high baseline prevalence of dual A30K and L31M NS5A RAS in combination.
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1.4.2.4 Non-GT1 and -GT3 infection

There is limited data regarding non-GT1 and -GT3 infection. These are restricted to registration and
country specific series which report a wide GT2 NS5A prevalence range of 28.4-98%, which varied by
subtype (181, 374, 376, 379). The most prevalent NS5A RAS in GT2 infection was L31M. The range of
NS5A RAS in GT4 infection detected at baseline was 45.0% to 60.2% and amino-acid substitutions at
position 58 were most commonly identified. In registration trials, NS5A RAS were identified in GT5
and GT6 infection in 8.8-26.8%, and 50%, respectively. Amino acid substitutions were most commonly

at position 28 in GT6 infection.
1.4.3 Effect of NS5A RAS at baseline by treatment regimen

1.4.3.1 SOF + LDV

The presence of LDV specific RAS at baseline was associated with reduced SVR12 rates in treatment-
experienced GTla patients treated for 12 weeks (SVR2 67-72%) (372, 381). Therefore, guidelines
recommend that treatment duration is extended to 24 weeks in the setting of prior PEG IFN RBV
exposure. SVR12 rates were also lower in treatment naive participants treated for eight weeks who
had baseline NS5A RAS, however efficacy was restored when treatment was extended to 12 weeks
(381). NS5A RAS identified at baseline in treatment-naive cirrhotic patients with GT1a infection was
also associated with lower SVR12 rates (86%), however due to the small numbers included in this
study, no alteration to treatment duration is recommended. There was no association between
presence of baseline LDV specific RAS and reduced efficacy in HCV GT1b patients (372). There is
insufficient data to determine the impact of baseline NS5A RAS on the efficacy of SOF + LDV in GT4,
GT5 and GT6 infection.

1.4.3.2 SOF +DCV

In both GT1 and GT3 infection, prior treatment experience did not affect the likelihood of cure
following 12 week SOF + DCV in non-cirrhotic participants, irrespective of baseline NS5A RAS (382,
383). SVR12 rates were lower however in cirrhotic (vs non-cirrhotic) participants which reflects under
treatment rather than the effect of baseline NS5A RAS. Therefore, recommendations suggest 24

weeks SOF + DCV for cirrhotic patients with HCV infection (154).
1.4.3.3 PrOD

There was no significant reduction in treatment efficacy where baseline NS5A RAS were identified in

participants with GT1a or GT1b HCV infection who were treated with PrOD (373).
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1434 GZR+ELB

Baseline NS5A RAS can significantly reduce the efficacy of 12 weeks GZR + ELB in those with HCV GT1a
infection. The C-EDGE trial identified that SVR12 rates were 58% and 99% amongst GT1a participants
with and without baseline NS5A RAS, respectively (163). A pooled analysis also demonstrated that
baseline NS5A RAS at positions 28, 30, 31, 58 and 93 significantly reduced the efficacy of 12 weeks
GZR + ELB (384). SVR12 rates reduced to 64% in participants who were treatment experienced and
had baseline NS5A RAS. This effect could be mitigated by extension of therapy to 16 weeks and the
addition of RBV, which achieved SVR12 rates of 100%. Baseline NS5A RAS did not affect GZR + ELB
efficacy in HCV GT1b infection.

1.4.3.5 SOF+VEL

The impact of baseline NS5A RAS for GT1-6 HCV infection was investigated in a pooled analysis study
including all phase 11l SOF + VEL clinical trial data (participants with decompensated cirrhosis excluded)
(374). For non-GT3 infection, the presence of baseline NS5A RAS did not reduce SOF + VEL efficacy. In
GT3 infection however, SVR12 rates were numerically lower in participants with baseline HCV NS5A
RAS, however this did not reach statistical significance. The efficacy of SOF + VEL was significantly
lower however in those with GT3 infection who harboured the Y93H NS5A RAS at baseline (86% vs
98%, p<0.05). The impact of baseline NS5A RAS in individuals with hepatic decompensation treated
with SOF + VEL has also been investigated. In participants with GT1 infection, hepatic decompensation
and baseline NS5A RAS, treatment with SOF + VEL for 12 and 24 weeks achieved SVR12 rates of 80%
and 90%, respectively (188). The impact of baseline NS5A RAS, however, was overcome however when
SOF + VEL was prescribed with RBV for 12 weeks (SVR12 98-100%). There is insufficient data to

determine the effect of NS5A RAS at baseline in decompensated GT3 patients.
1.43.6 GLE+PIB

The effect of baseline NS5A RAS amongst GT1-6 participants included in phase Il and Il GLE + PIB trials
was analysed in a pooled analysis study (181). There was minimal effect on treatment outcomes of
GLE + PIB eight-12 weeks in compensated cirrhotic and non-cirrhotic participants with two notable
exceptions. This included reduced efficacy (SVR12 90%) in treatment-experienced GT3 participants,
irrespective of cirrhosis status, treated with GLE + PIB for 12 weeks. This could be overcome by
extension of treatment duration to 16 weeks (SVR12 94-96%). Similarly, efficacy was reduced in GT3
participants treated for eight weeks who harboured the A30K variant at baseline (SVR12 78%), which
could be overcome by extending therapy to 12 weeks (SVR12 93%). No other significant impacts of
baseline NS5A RAS were identified.
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1.4.4 Prevalence of NS5A RAS at treatment failure and evolution after treatment

NS5A RAS may be selected during DAA treatment and are implicated in virological relapse and
breakthrough, accounting for their high prevalence at treatment failure (21). NS5A RAS were detected
in >95% of patients who failed SOF + LDV with HCV GT1 infection (385). More than one NS5A RAS were
detected in 35%. In a pooled analysis of all SOF + VEL phase 1I/11l trials, NS5A RAS were detected in
85% of non-SVR12 participants and similarly, in 92% of non-SVR12 patients who failed GLE + PIB, with
the Y93H RAS most frequent in both series (374, 386). NS5A RAS were detectable in 72% and 29% of
GT1la and GT1b patients, respectively, who had failed PrOD (373).

The prevalence of treatment-emergent NS5A RAS has also been investigated in several real-world
studies. A German series which included 626 non-SVR12 patients demonstrated that 77-81% with
GT1a, 83-94% with GT1b and 84% of those with GT3 infection had detectable NS5A RAS at non-SVR12
(387). Substitutions conferring resistance to NS5A inhibitors were most commonly detected at
position 30 for GT1a and position 93 for GT1b and GT3 infection. A French study determined that 85%
of non-SVR12 patients had NS5A RAS at treatment-failure and in almost all, the detected RAS

conferred at least >10-fold increase in resistance to NS5A inhibitors available at that time (388).

NS5A RAS demonstrate excellent viral fitness and therefore can persist as a dominant quasispecies for
many years after relapse (373, 389). Amongst LDV exposed patients with non-SVR12, NS5A RAS were
detected in 86% of patients 96 weeks’ post treatment (373). Similarly, amongst Ombitasvir exposed
non-SVR12 patients, NS5A RAS were detected and remained the dominant quasispecies in 96% of

patients 48 weeks after treatment (373).
1.4.5 Retreatment strategies and effect of treatment-emergent RAS

Table 1.3: Recommendations for HCV retreatment for NS5A-inhibitor experienced patients and
impact of baseline NS5A RAS. SVR12, sustained virologic response 12 weeks after therapy; HCV,

hepatitis C virus; RAS, resistance-associated substitution.

Impact of baseline

Regimen SVR12 rate
HCV NS5A RAS

Sofosbuvir / Velpatasvir / Voxilaprevir

96% No
[12 weeks]

) Sofosbuvir / Glecaprevir / Pibrentasvir
Pan-genotypic 96% No
[12-16 weeks]

Sofosbuvir / Velpatasvir / Ribavirin

91%!? Yes?
[12-24 weeks]

Genotype 1 & 4 | Glecaprevir / Pibrentasvir 89-91%3 Yes
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[12-16 weeks]

Sofosbuvir / Elbasvir / Grazoprevir 96% No
[16-24 weeks]

1SVR12 rates varied by genotype and were 96% for HCV GT1 & GT2 infection and 78% for GT3 infection
2 SVR12 rate was 100% for GT3 participants without HCV NS5A RAS and 77% in those with NS5A RAS at
baseline

3 SVR12 rates were 89% for those treated with GLE / PIB for 12 weeks and 91% for those treated for 16 weeks

1.45.1 SOF + VEL+VOX

The efficacy of SOF + VEL + VOX for relapsed HCV amongst DAA-experienced participants was
investigated in two large registration trials, POLARIS-1 and POLARIS-4 (390). In POLARIS-1, non-SVR12
NS5A inhibitor experienced participants, 46% of whom had compensated cirrhosis, were treated with
12 weeks SOF + VEL + VOX. The overall SVR12 rate was 96% and was not affected by genotype or the
presence of baseline NS5A or NS3 RAS. A numerically lower SVR12 was noted in those with cirrhosis
(cirrhotic 93% vs non-cirrhotic 99%), however this did not reach statistical significance. POLARIS-4
included DAA (but not NS5A-inhibitior) experienced participants with relapse. Forty-six percent of
participants were cirrhotic and 98% achieved SVR12 after 12 weeks SOF + VEL + VOX. Treatment was

generally well tolerated in both series.

Several real-world studies have also investigated the efficacy of SOF + VEL + VOX amongst non-SVR12
populations, most of whom NS5A-inhibitor experienced. This includes large series from the USA, Italy
and Spain (391-393). All three studies demonstrated SVR12 rates of 95-96% per protocol. The USA
real-world study, however, suggested that efficacy is reduced in SOF + VEL experienced participants,
and in the Spanish study amongst participants with GT3 infection and cirrhosis. There is no Australian

data regarding the efficacy or safety of this regimen in those with advanced disease.

The impact of NS5A and NS3 RAS at baseline in DAA-experienced patients undergoing salvage
treatment with SOF + VEL + VOX was investigated in a pooled analysis of phase lll registration trials
(394). 82.7% of participants had NS3 and/or NS5A RAS, and 79% had NS5A RAS specifically, at baseline.
The presence of NS3 and/or NS5A RAS did not affect treatment outcomes and SVR12 rates were

comparable irrespective of the number of RAS or type of RAS identified, including at position 93.
1452 GLE+PIB

The MAGELLAN-1 Part 2 trial investigated the efficacy of 12- or 16- weeks of GLE + PIB for the
management of DAA-naive and -experienced GT1 and GT4 participants, including a subset (34%) who

had compensated cirrhosis (395). Overall, SVR12 rates were suboptimal and were 89% for 12 weeks
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and 91% for 16 weeks of treatment. SVR12 rates were particularly low amongst participants who were
both NS5A- and NS3/4A Pl-experienced treated for 12 or 16 weeks (79% and 81%, respectively). For
patients who were only NS5A-experienced treated for 16 weeks, however, SVR12 outcomes were
acceptable (94%) and were excellent for those with prior NS3/4A Pl experience only (100%) for both
12- and 16-weeks of treatment (379). In participants with no HCV RAS, SVR12 rates were 100%.
Amongst those with NS5A RAS, 83% in participants treated for 12 weeks and 94% treated for 16 weeks
achieved SVR12. In patients with baseline NS5A and NS3 RAS, there was a high rate of on treatment

virologic breakthrough (33%).

MAGELLAN-1 Part 1 similarly identified reduced efficacy in participants without cirrhosis and relapsed
HCV infection who were NS5A-inhibitor +/- NS3/4A Pl experienced (91-93%) compared with those
NS3/4A Pl experienced alone (100%) after treatment for 12 weeks (396). SVR12 rates for participants
with baseline NS3 RAS only, NS5A RAS only and both NS3 and NS5A RAS were 100%, 91% and 93%,

respectively.
1.4.5.3 SOF + GLE +PIB

There is emerging data regarding the efficacy of SOF in combination with fixed dose GLE + PIB and RBV
as a salvage regimen for NS5A inhibitor experienced patients with relapsed HCV. This was investigated
in MAGELLAN-3 in which participants, including those with cirrhosis, who had failed 8, 12 or 16 weeks
of GLE + PIB were retreated with SOF + GLE + PIB + RBV for either 12- or 16- weeks (397). All GT3
participants, and those NS3/4A Pl or NS5A-experienced prior to GLE + PIB failure were treated for 16
weeks. The SVR12 rate was 96% overall, irrespective of the presence of baseline NS5A and NS3 RAS,

and the regimen was well tolerated.
1.4.5.4 SOF +ELB + GZR

SOF in combination was GZR + ELB with RBV is an effective retreatment regimen for NS3- or NS5-
experienced participants with HCV relapse and GT1 and GT4 infection. This was investigated in the
REVENGE study in which patients with prior DAA failure, most of who had advanced fibrosis or
cirrhosis, were treated for 16-24 weeks. SVR12 rates were 96% and the sole treatment failure occurred
in a patient who died between EOT and SVR12 timepoints. No effect of baseline HCV NS5A or NS3 RAS

were identified. There is no data regarding the efficacy of this regimen for non-GT 1 & 4 infection.
1.4.5.5 SOF + VEL +/- RBV

The use of NS3/4A Pls are not recommended for patients with CTP class B/C cirrhosis due to the risk
of hepatotoxicity and hepatic decompensation. As such, SOF + VEL +/- RBV is the preferred regimen

for DAA-experienced patients with HCV relapse and hepatic decompensation. The efficacy of 24 weeks
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of SOF + VEL + RBV was investigated in a phase Il trial in participants with GT1-3 infection, some of
whom had compensated cirrhosis, who had previously failed an NS5A-containing regimen (398).
Overall, the SVR12 rate was 91%, and was 96% in HCV GT1 and GT2 infection, with no impact of
baseline NS5A RAS on outcomes. In GT3 infection however, SVR12 was 78% overall, and decreased to
77% where baseline NS5A RAS were detected (compared to an SVR12 rate of 100% in those without
baseline NS5A RAS). As such, SOF + VEL + RBV should be used for retreatment following non-SVR12

where Pls are contraindicated.

1.5 Conclusions

The above literature review serves as a background to this thesis and highlights the tremendous
progress that has been made in the management of HCV infection. In particular, the introduction of
DAA therapy has revolutionised HCV treatment and high rates of cure are anticipated after first line-
therapy. In this setting, the WHO has proposed elimination targets including an 80% reduction in HCV
incidence and 65% in HCV-related mortality by 2030.

Despite this, there remain certain groups who are difficult to treat. This includes PWIDs who are
underserved by existing models of care, and prisoners for whom there was a dearth of clinical services
to provide prison-based treatment in large numbers at commencement of this thesis. Finally, DAA-
experienced individuals with relapse and advanced disease also present unique challenges in

determining a retreatment strategy that is safe and effective.

Each of these groups, however, are also important for achieving the WHO targets. PWIDs and
prisoners are high transmitting populations and HCV treatment can not only have significant benefits
for the individual, but also for the community more broadly. Therefore, models of care appropriate
for the prison system require development and evaluation. Dedicated HCV transitional care is also
needed to improve engagement amongst those individuals who are released from prison untreated.
Those with advanced liver disease contribute most greatly to HCV-related morbidity and mortality and
therefore it is also important to continue to evaluate optimal management strategies for those with

HCV-relapse and difficult to cure characteristics to mitigate these risks.
1.6 Hypotheses and Aims of this research

In this context, the hypothesis’ and aims of this research include:

Hypothesis’ of this research:

49



1)

2)

3)

4)

5)

That nurse-led prison based hepatitis C treatment can be delivered safely and effectively to

individuals in prison in large numbers

That transitional healthcare for individuals released from the prison who are living with

hepatitis C will increase the likelihood of initiation of antiviral therapy in the community

That simple blood-based fibrosis algorithms could be used with high confidence to exclude

cirrhosis in a prison setting to improve hepatitis C treatment efficiencies

That combination SOF, ELB. GZR and RBV will achieve high rates of hepatitis C cure in NS5A

inhibitor experienced patients, irrespective of hepatitis C genotype

Certain NS5A inhibitor experienced patient subgroups with relapsed hepatitis C infection may

respond less favourably to second line salvage therapy

Aims of research:

1)

2)

3)

4)

5)

6)

To evaluate the efficacy and safety of prison-based HCV treatment delivered by the Statewide

Hepatitis Program across the jurisdiction of Victoria, Australia

To design and evaluate a transitional healthcare model which supports untreated individuals

with HCV infection released from the prison system to commence DAA treatment

To evaluate the performance of non-invasive fibrosis algorithms for prisoners with HCV

infection and determine their impact on program efficiencies within the prison sector

To determine the prevalence of baseline HCV NS5A RAS amongst DAA-naive Australians

To evaluate the safety and efficacy of SOF, ELB, GZR and RBV for NS5A-inhibitor experienced

participants with HCV relapse and non-genotype 1 & 4 infection

To determine the safety and efficacy of SOF, VEL and VOX for NS5A-inhibitor experienced

Australians with HCV relapse and difficult to cure characteristics
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2 Chapter 2: Outcomes of treatment for hepatitis C in prisoners
using a nurse-led, statewide model of care

2.1 Introduction and Summary

Approximately 71 million people are living with HCV globally (254). The introduction of DAAs means
that HCV treatment is now all-oral, well tolerated and short in duration and cure rates exceed 95%
(152, 153). In order to meet the WHO viral hepatitis elimination targets, HCV DAA treatments must be
prioritised for PWIDs who most greatly contribute to incident infection in Western countries (274). As
PWIDs have a high lifetime risk of incarceration, the prevalence of HCV in prisons globally is also high
(259). Therefore, the prison setting provides an opportunity to engage and treat PWIDs living with
HCV in large numbers. Despite this, multiple barriers to prison-based HCV care have historically
resulted in low prisoner treatment rates both in Australia and internationally (399). This includes
limited local access to clinicians, the requirement for hospital-based specialist review, budgetary

constraints and IFN-based therapies which had high toxicity yet low efficacy.

In this context, the Statewide Hepatitis Program, a nurse-led in-reach model-of-care was developed
to provide viral hepatitis care for all prisoners in Victoria, Australia. This program operates across all
14 adult prisons in Victoria and provides decentralised HCV care, therefore minimising the need for
prisoner transfer and specialist review. This study evaluated the safety and efficacy of HCV treatment
provided by the Statewide Hepatitis Program. We demonstrated that prison-based HCV treatment
using DAA therapies was highly effective and cure rates exceeded 95% per protocol. Treatment was
also well tolerated, and adverse events were uncommon. Importantly, less than 20% of those treated
had previously participated in specialist care prior to incarceration, highlighting the important

contribution prisons can provide in engaging this marginalised population.
This study was published in The Journal of Hepatology.
Reference:

Papaluca T, McDonald L, Craigie A, Gibson A, Desmond P, Wong D, Winter R, Scott N, Howell J, Doyle
J, Pedrana A, Lloyd A, Stoove M, Hellard M, Iser D, Thompson A. Outcomes of treatment for hepatitis

Cin prisoners using a nurse-led, statewide model of care. J Hepatol. 2019 May 1;70(5):839-46.

The text in its entirety is included in this chapter. The prison version from the journal is included as an

appendix.
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2.2 Original Article

Outcomes of treatment for hepatitis C in prisoners using a nurse-led, state-

wide model of care

Timothy Papaluca?, Lucy McDonald?, Anne Craigie!, Annabelle Gibson?, Paul Desmond?, Darren
Wong?, Rebecca Winter?, Nick Scott?3, Jessica Howell*?, Joseph Doyle?*, Alisa Pedrana?, Andrew

Lloyd®, Mark Stoove?3, Margaret Hellard?3, David Iser**, Alexander Thompson?

1, Department of Gastroenterology, St Vincent’s Hospital and the University of Melbourne. 2, Burnet Institute, Melbourne, Australia. 3,
Department of Epidemiology and Preventative Medicine, Monash University, Australia. 4, Department of Infectious Diseases, The Alfred

and Monash University, Melbourne Australia. 5, Kirby Institute, University of New South Wales

2.2.1 Abstract

Background: Treatment programs for people who inject drugs (PWID), including prisoners, are
important for achieving hepatitis C elimination targets. There are multiple barriers to treatment of
hepatitis C in prisons, including access to specialist physicians, testing and antiviral therapy, short
prison sentences, and frequent inter-prison transfer. A state-wide program for assessment and
management of hepatitis C was developed in Victoria, Australia to improve access to care for
prisoners. This nurse-led model of care is supported by telemedicine to provide decentralised care

within all prisons in the state.

Methods: We prospectively evaluated the feasibility and efficacy of the nurse-led model of care for
hepatitis C within the 14 adult prisons over a 13-month period. The primary end point was sustained

virological response at week 12 post-treatment (SVR12) using per protocol analysis.

Results: There were 416 prisoners included in the analysis. The median age was 41 years, 90% were
male, 50% had genotype 3 and 44% genotype 1 hepatitis C and 21% had cirrhosis. Injecting drug use
was reported by 68% in the month prior to prison entry, 54% were receiving opioid substitution
therapy, and 86% reported never previously engaging with specialist HCV care. Treatment duration
was eight weeks in 24%, 12 weeks in 59%, and 24 weeks in 16% of treatment courses. The SVR12 rate
was 96% (301/313) per-protocol. Inter-prison transfer occurred during 26% courses of treatment but

was not associated with lower SVR12 rates. No treatment-related serious adverse events occurred.

Conclusion: Hepatitis C treatment using a decentralised, nurse-led model of care is highly effective
and can reach large numbers of prisoners. Large scale prison treatment programs should be

considered to support hepatitis C elimination efforts.
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2.2.2 Introduction

The World Health Organization (WHO) has set global targets for the elimination of viral hepatitis as
public health threat!. For hepatitis C, the goals are to reduce incidence by 80% and mortality by 65%
by 2030. In Western countries where injecting drug use is the dominant risk factor for hepatitis C
transmission?, eliminating incident infection will require coordinated efforts using harm reduction
strategies as well as “treatment as prevention” to interrupt transmission among people who inject
drugs (PWID). This population has not typically been well engaged with specialist care, highlighting
the need to develop new models of care for hepatitis C among marginalised, high transmitting

populations.

Prison systems provide a unique opportunity to scale up hepatitis C treatment®. The prevalence of
hepatitis C is higher in prisoners than in the general population, reflecting the criminalisation of drug
use and the frequent detention of PWIDs.*> In Australia, 46% of prisoners self-report a lifetime history
of injecting drug use, and the hepatitis C seroprevalence among incarcerated PWID is greater than
50%°. Harm reduction strategies currently available in Australian prisons include bleach for cleansing
of injection devices and opioid substitution therapy (OST). Despite this, ongoing incident hepatitis C
infection has been reported among PWID in Australian prisons’. The median sentence length in
Australia is less than six months and there are high rates of recidivism, meaning that prisoners
frequently cycle between incarceration and freedom, creating new networks for hepatitis C
transmission.® Mathematical modelling studies have demonstrated that the global elimination of HCV
will require widespread treatment of key risk populations, in particular PWID.> ¥° Treatment programs
in prisons, where a large numbers of PWID can be screened and treated, could therefore significantly

contribute to the HCV elimination agenda®.

Despite WHO recommending universal screening of all prisoners for hepatitis C3, rates remain low in
many regions worldwide and treatment programs have been limited by multiple barriers'!4,
Historical barriers have included the nature of interferon-based therapy (parenteral, long duration,
significant toxicity and poor efficacy) as well as systemic barriers (limited local access to clinicians,
need for hospital-based specialist review, frequent transfer between prisons interrupting care, and
budgetary policy requiring that funding for testing and treatment come from local prison budgets
rather than national health schemes). The recent introduction of direct acting antivirals (DAAs) for
the treatment of hepatitis C has provided highly effective therapy that is simple, safe, and short
duration — ideal for the prison environment. However, DAAs are expensive, which has limited the

implementation of prison treatment programs worldwide®; less than 20% of surveyed European

countries provided access to hepatitis C treatment in all prisons.’* Where treatment is available to
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people in custody, it has often been restricted to prisoners with advanced liver disease.’® '’ Such a
policy will withhold effective treatment from most people living with hepatitis C in the prison,

including those at risk of transmission.

In March 2016, the Australian Government approved universal access to DAAs for all Australians living
with chronic hepatitis C, including prisoners. A decentralised nurse-led model of care was therefore
developed to make viral hepatitis assessment and treatment available to all prisoners across all 14
prisons in the state of Victoria, Australia. We present the first evaluation of the feasibility and efficacy

of this novel model of care for hepatitis C.
2.2.3 Methods

Model of care

Australia has a policy of state-sponsored universal health care for all members of the general
community, managed by the federal government. However, prisoners are not eligible for this scheme,
and medical care during the period of incarceration becomes the budgetary responsibility of the local
correctional service under the state government. Such a funding silo challenges the feasibility of DAA
therapy given the high list price of these medications. The Australian Government, recognising the
importance of providing DAAs to prisoners if hepatitis C elimination is to be achieved, classified DAA
treatment for hepatitis C under both the general drug schedule for the community, as well as a highly-
specialised schedule, which allows drugs to be provided to prisoners with the requirement that they

are prescribed by a specialist and dispensed to prisons from a hospital pharmacy.

In this context, the Victorian Statewide Hepatitis Program was developed by St Vincent’s Hospital,
Melbourne under contract to the Department of Justice and Regulation, State Government of Victoria,
Australia. At the time of evaluation, there were 14 prisons for adults (12 male, two female) in the state
of Victoria, with capacity for 7441 prisoners (Figure 1). In the 12 month period from November 2015,
more than 10,500 prisoners were received into the Victorian prison system.® Each of the 14 Victorian
prison sites was serviced by the program, as described below. The program staff included two full-
time hepatitis program nurses, three part-time hepatologists (0-25 equivalent fulltime (EFT) staffing
in total), and a central pharmacist and pharmacy technician (time commitment increased from 0-2 to
0:6 EFT during the period of evaluation). A centralised electronic medical record was accessible at
each prison as well as from St Vincent’s Hospital. The medical record could be accessed by nursing,
medical, and pharmacy staff to review and coordinate relevant investigations and track prisoner
movements across the system to minimise interruptions of care from referral to the sustained

virological response (SVR12) time-point.
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Figure 2.1: Distribution of Victorian prisons, Australia.
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Fig. 1. Distribution of Victoria Prisons, Australia.

Victorian prison healthcare policy is that all prisoners are offered opt-in screening for viral hepatitis at
first prison reception and at each transfer between prison sites. This is the responsibility of the primary
healthcare service at each prison. If a prisoner was seropositive for hepatitis C, or self-reported a
previous diagnosis of hepatitis C, they were referred to the Statewide Hepatitis Program for protocol-
driven face-to-face assessment by a program nurse at their residing prison. A program nurse visited
each prison on a weekly, fortnightly or monthly basis. Assessment involved a detailed clinical
guestionnaire including evaluation of risk behaviour, liver stiffness measurement using transient
elastography (portable FibroScan™), and blood-based investigations, including general biochemistry,
hepatitis C viral load and genotype, hepatitis B (HBV) and HIV serology. The presence of comorbid
medical conditions was assessed, including psychiatric illness (self-reported). The evaluation of risk
behaviour included assessment of active injecting drug use, defined as injecting in the month prior to
incarceration. Injecting drug use in prison was defined as the using drugs requiring needles and/or
other injecting apparatus in either the current or a previous incarceration. Significant alcohol intake
included pre-imprisonment or historical significant daily drinking (more than two standard drinks,

most days, for both men and women)?® or binge drinking (heavy intermittent alcohol intake).

Prisoners identified as having chronic hepatitis C infection were then triaged as either ‘low risk’ or
‘higher risk’. ‘Low risk’ prisoners were either non-cirrhotic or had compensated cirrhosis without
significant comorbidities, for whom the hepatologist prescribed DAA therapy after a paper-based
consult only with a program nurse, without the physician having direct interaction with the prisoner.
‘Higher risk’ prisoners had evidence of cirrhosis (clinical/FibroScan), including all prisoners who had

decompensated cirrhosis and/or significant comorbid conditions potentially complicating hepatitis C
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treatment such as renal failure or HBV coinfection. ‘Higher risk’ prisoners were referred for either a
tele-medicine consult (conducted from their local prison) or face-to-face assessment by a
hepatologist. Face-to-face consultation for prisoners located at one of the 13 peripheral prisons
required prisoner transfer to the central prison. At clinical review, it was decided whether ‘higher risk’
prisoners were to commence DAA therapy immediately or required further assessment prior to

treatment initiation.

Prisoners with hepatitis C and cirrhosis were enrolled in surveillance programs for hepatocellular
carcinoma (HCC) and oesophageal varices as recommended by consensus guidelines?” 21, A viral
hepatitis education program for prisoners and prison staff, including primary care staff, drug and
alcohol service providers and correctional officers, was provided at all 14 correctional facilities to

support the clinical service.
Harm reduction

An opioid substitution therapy (OST) program is available in Victorian prisons, which 11% of prisoners
utilised in 201622 Bleach is available which can be used to clean injecting equipment. There is no

provision of clean needles or syringes.
Treatment eligibility

To be eligible for treatment prisoners had to be 18 years of age or older, have evidence of chronic
hepatitis C with detectable serum HCV RNA, and have an adequate sentence duration to facilitate
complete hepatitis C treatment while incarcerated (between eight to 24 weeks depending on the
selected treatment regimen). It was not a requirement however, that prisoners remained in prison to
complete blood tests at week 12 post-treatment. Prisoners commenced on DAA therapy who were
released early (early parole) were provided with their remaining medication to complete treatment in
the community. Prisoners for whom a short sentence duration made them ineligible for treatment
whilst incarcerated were referred to a healthcare service for treatment upon release to the

community.

Standard correctional pharmacy procedure required that medications be repackaged into blister packs
at the central hospital pharmacy before being couriered to the prisons. Initial packs were prepared to
include 28 days of therapy, and subsequent packs were distributed to each prison monthly thereafter,
until therapy was completed. Two of the 14 prisons provided medications to prisoners in weekly
packets while the remaining 12 prisons dispensed medications to the prisoners daily. Medications
moved with patients at time of inter-prison transfer to minimise treatment interruption and prisoner
location was confirmed in real time using the electronic medical record. When DAAs first became

available on March 1% 2016, the program had capacity to initiate six prisoners per week. This
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subsequently increased to 16 prisoners per week in June 2016 with increased pharmacy staff

resources.

Analysis
This analysis evaluated hepatitis C treatment outcomes among all prisoners who commenced therapy
over the 13-month period between 1 November 2015, when the program started, and 1° December

2016.

All prisoners had serum HCV RNA tested at baseline, at the end-of-treatment (EOT), and at week 12
post-treatment. The pre-specified period of follow-up was to week 12 post treatment. The primary
endpoint was SVR12, which was defined as undetectable serum HCV RNA 12 weeks after the EOT.
Secondary end points included EOT response (defined as undetectable serum HCV RNA at EOT),
confirmed HCV reinfection (defined as detectable serum HCV RNA with HCV genotype switch between
EOT and SVR12) and treatment-associated adverse events. Relapse was defined as prisoners who
achieved an EOT response, but in whom serum HCV RNA was detectable at week 12 post-treatment,

without HCV genotype switch.

We considered two analyses for virological outcome — the primary outcome was rate of SVR12 per
protocol, including those prisoners with a serum HCV RNA result at 12 weeks post-treatment
(complete follow-up). This analysis was performed to account for the high number of prisoners ‘lost
to freedom’; that is prisoners released to freedom after the EOT but prior to SVR12, as well as a small
number of prisoners who were granted parole during their treatment course. We also considered

overall SVR12 rate by intention to treat.

Data were described using median and interquartile ranges (IQR). Categorical data were described as
number and percentage. Comparisons between groups were made using appropriate statistical tests

after considering distribution of data.
Ethical considerations
This study was approved by the St Vincent’s Hospital Melbourne Human Research Ethics Committee.

2.2.4 Results

Prisoner characteristics

During the 13-month period of evaluation, 949 prisoners were assessed by the Statewide Hepatitis
Program, of whom 562 (59%) prisoners were eligible for treatment, and 416 (44%) were commenced
on therapy during the period of evaluation. Reasons for treatment ineligibility are detailed in

supplementary table 2.2. Baseline characteristics are described in detail in Table 2.1. In brief, the
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cohort was predominately male (90%), the median age was 41 [34-46] years, 80% were Caucasian,
12% were Indigenous, and 4% were Asian. Cirrhosis was present in 21%. HIV and HBV co-infection
were uncommon, but past HBV infection (anti-HBc positivity) was present in 24%. The majority of
prisoners responded to detailed questions about their past and/or current injecting practices.
Injecting drug use was reported by 68% (n=262/386) in the month prior to incarceration and the most
common drug of choice was heroin (60%, n=120/200). Mental health comorbidities were reported by
70%. Only 14% of prisoners had previously seen a specialist to discuss their hepatitis C; 94% were

treatment naive (Table 2.1).

Table 2.1: Prisoner characteristics.

Characteristics N =416
Age, yr, median [IQR] 41 [34-46]
Male sex, n (%) 376 (90)
Ethnicity, n (%)
Caucasian 332 (80)
Indigenous 51 (12)
Asian 15 (4)
Other 18 (4)
Body mass index, kg/m?2, mean [IQR] 31 [27-34]
HCV genotype, n (%)
Genotype 1a 184 (44)
Genotype 1b 14 (3)
Genotype 2 8(2)
Genotype 3 208 (50)
Genotype 6 2(1)
HCV viral load, IU/ml, median [IQR] 685,000 [192,000-2,630,000]
ALT, U/ml, median [IQR] 88 [55-145]
Platelet count, median [IQR] 218 [176-256]
HBV serology, n (%)
HBsAg" 6(2)
Anti-HBs" 310 (75)
Anti-HBc" 98 (24)
HIV serology, n (%) 8(2)
Liver stiffness measurement™, n (%)
<9.5 kPa 278 (71)
9.5-12.5 kPa 40 (10)
>12.5 kPa 71 (19)
Cirrhosis, n (%) 86 (21)
Compensated 77 (19)
Decompensated 9(2)
Opiate substitution therapy 228 (54)
Comorbid psychiatric illness’ 291 (70)
Psychotropic medication 208 (50)
Significant alcohol history”, n (%) 243 (58)
Injecting drug use, n (%)
PWID, current/previous 389 (94)
Injecting prior to incarceration” 262/386 (68)
Injecting in prison, current/previous” 130/228 (57)
Previous specialist care for HCV, n (%) 59 (14)
Treatment experienced, n (%) 25 (6)

~ Valid liver stiffness measurements using transient elastography were obtained in 94% (n=398). The remaining
6% (n=27) of prisoners were either cirrhotic (n=10) evidenced by clinical decompensation and/or radiological

evidence of portal hypertension or had unsuccessful elastography due to body habitus (n=17), * Self-reported or
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recorded from medical record at initial review, # Recent (pre-imprisonment or historically significant daily

drinking (more than 2 standard drinks, most days, for men and women) or binge drinking (significant

intermittent alcohol intake), * injecting drugs use within 1 month of incarceration, " injecting drug use in the

current or previous incarceration. Legend: ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen;

PWID, people who inject drugs.

HCV DAA therapy and virological response

Table 2.2: Treatment regimens and durations.

Treatment regimen (N=416)
Sofosbuvir 400 mg/ledipasvir 90 mg, n (%)
8 weeks 100 (24)
12 weeks 77 (18)
24 weeks 4(1)
Sofosbuvir 400 mg/daclatasvir 90 mg + RBV, n (%)
12 weeks 147 (35)
24 weeks 65 (16)
Sofosbuvir 400 mg/RBV 1,000-1,200 mg, n (%) 5(1)
Paritaprevir 150 mg/ritonavir 100 mg/ombitasvir 16 (4)
25 mg/dasabuvir 250 mg, n (%)
Sofosbuvir 400 mg/PegIFN + RBV, n (%) 2 (1)

Legend: RBV, ribavirin.

The DAA regimens prescribed are listed in Table 2.2. The rate of SVR12 was 96% (n=301/313) per

protocol (Table 2.3). SVR12 rates exceeded 95% for all genotypes (Gt) including Gtla (96%,

n=137/143), Gt1b (100%, n=11/11), Gt2 (100%, n=5/5), Gt3a (96%, n=147/153) and Gt6 (100%, n=1/1).

There was no difference in SVR12 between cirrhotic and non-cirrhotic prisoners (97% vs 94%, p=0-51).

SVR12 rates by ITT analysis were lower (SVR12 72%, n=301/416), Table 2.3); the most common reason

for not achieving SVR12 was loss to follow-up due to being released to freedom (90%, n=103/115).

Table 2.3: Virological response.

Virological response EOT, n (%) Overall (N =416)

Per protocol (n = 364)

HCV PCR negative

Lost to freedom’

Virological breakthrough

Treatment-related death

SVR12, n (%)

HCV PCR negative
Genotype 1a
Genotype 1b
Genotype 2
Genotype 3
Genotype 4/5
Genotype 6
Cirrhosis

Yes
No

Lost to freedom

Virological relapse

Reinfection

Treatment-related death

364 (88)

52 (12)
0(0)

0(0)
(N=416)
301 (72)
137/184 (74)
11/14 (79)
5/8 (63)
147/208 (71)

1/2 (50)

364 (100)
0(0)
(n=313)
301 (96)
137/143 (96)
11/11 (100)
5/5 (100)
147/153 (96)

1/1 (100)

59/63 (94)
242/250 (97)
11 (3.5)
1(0.5)
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*Lost to freedom; prisoners either released on-treatment or after end-of-treatment but prior to week 12 post-
treatment. Legend: HCV, hepatitis C virus; EOT, end-of-treatment; SVR12, sustained virological response at

post-treatment week 12.

Treatment failure was due to virological relapse in 11 prisoners (Supplementary Table 2.1), and
confirmed hepatitis C reinfection in one prisoner. Three of the 11 prisoners who relapsed had
treatment interruptions of greater than one-week duration, including two prisoners prescribed
sofosbuvir plus daclatasvir for 24 weeks who received only six and seven weeks respectively due to
being released on parole; both were HCV PCR positive on re-incarceration within the follow-up period.
The one prisoner with confirmed reinfection was diagnosed by recurrent HCV viraemia between EOT
and SVR12, with a switch from Gtla to 3 between EOT and SVR12 time points, and who had risk factors

for reinfection.

Treatment-related adverse events were infrequent (7-:9%, 41 events in 33 participants, Table 2.4). One
prisoner (0-2%) discontinued treatment at week eight of 12 due to insomnia (SVR12 achieved). There
were no treatment related deaths. Nine prisoners had decompensated liver disease at treatment
initiation (Child Pugh B, n=4 and Child Pugh C, n=5). The SVR12 rate was 71% (n=5/7) amongst this
group. Two prisoners experienced virological relapse and two prisoners were released to freedom
prior to SVR12. One Child Pugh C prisoner achieved SVR12 and was referred to a liver transplantation
service and waitlisted for transplantation while incarcerated. This patient underwent successful
orthotropic liver transplantation following release from prison. No de novo HCCs were diagnosed

during the period of evaluation.

Table 2.4: Adverse events.

Adverse events, n (%) N=416

Treatment-related
Headache 12 (2.9)
Gastrointestinal symptoms 9 (2.2)
Lethargy 8 (1.9)
Rash 4(1.0)
Myalgia 3(0.7)

Serious adverse events 0 (0)
Treatment-related deaths 0 (0)

Leading to discontinuation of treatment
Treatment-related
Insomnia 1(0.2)

There were six prisoners who were HCV-HBV co-infected. All were non-cirrhotic. One prisoner who
was HBeAg-positive with a high serum HBV DNA level was initially commenced on antiviral therapy
for hepatitis B (tenofovir 300mg daily), and then subsequently hepatitis C, four weeks later. Five
prisoners were HBeAg-negative and had serum HBV DNA levels <2000 IU/mL at baseline. These

prisoners were monitored with LFTs and serial HBV DNA levels. Two prisoners experienced on-
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treatment increase in serum HBV DNA level without biochemical flare and antiviral therapy for HBV
was not commenced. Past HBV infection was present in 24% of the cohort. There were no cases of

on-treatment or post-treatment hepatitis flare to suggest HBV reactivation.
Nurse-led care was delivered effectively across the state-wide network

Most prisoners (82%, n=340) were suitable for treatment based on nurse-led evaluation only and did
not require a formal hepatologist assessment (‘low risk’). The remaining 76 prisoners (18%) were
categorised as ‘higher risk’ and required either face-to-face (13%, n=55), tele-medicine hepatologist
consultation (3%, n=13), or both (2%, n=8) (Figure 2). Rates of SVR12 were comparable in ‘low risk’
and ‘higher risk’ prisoners, both per protocol (96% vs 93%, p=0-27), and by ITT (74% vs 67%, p=0-26)

analysis (Figure 2).

Figure 2.2: Decentralised, nurse-led model of care. HCV, hepatitis C virus; EOT, end-of-treatment; LTF,

loss to freedom; SVR12, sustained virological response at post-treatment week 12.
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The decentralised, nurse-led model of care removed the requirement for most prisoners to attend a
central prison or hospital for hepatitis C assessment and treatment. However, 26% of prisoners still
had at least one prison transfer while receiving DAA therapy (n=110, range 0-6). The frequency of
prison transfers while receiving hepatitis C treatment was not associated with diminished SVR12

outcomes (SVR12 96-100%, Fisher’s exact test p=0-89) (Figure 3).
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Figure 2.3: Treatment outcomes (SVR12 rate) by number of inter-prison transfers while receiving HCV

DAA therapy.
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Legend: DAA, direct-acting antiviral; SVR12, sustained virological response at post-treatment week 12.

The cascade of care from referral is presented in detail for each prison in Supplementary Table 2.2.
Assessing the cascade of care following referral to the program, 562 (59%) were eligible for treatment
and 416 (44%) were commenced on therapy. The majority of those ineligible had an insufficient
remaining period of incarceration to complete treatment (61%, n=235/387). At the time of evaluation,
the average time from assessment to treatment was 4.6 months, reflecting in large part the fact that
assessments commenced in November 2015, 4 months prior to reimbursement of DAAs in March
2016. The period between assessment and initiating treatment has since fallen to an average of 3

weeks.

2.2.5 Discussion

This is the first large scale hepatitis C prison management program to be implemented across an entire
jurisdiction. The decentralised, nurse-led model of care implemented across 14 prisons has overcome
many of the traditional systemic barriers to providing effective and efficient hepatitis C treatment to
large numbers of prisoners, including the need for specialist consultation and hospital transfer, and
treatment interruption from prisoner transfer between correctional facilities with partitioned clinical

services. Importantly hepatitis C cure rates achieved by this new model were high.

Although many countries continue to mandate specialist physician management for hepatitis C
therapy initiation?3, our data demonstrate that nurse-led treatment is safe and effective in the
correctional setting, with only 18% of assessed prisoners requiring specialist consultation. Whilst inter-
prison transfer was frequent (driven by movement in the justice system rather than related to
prisoners need to access hepatitis C services), it did not lead to treatment interruption or diminished

efficacy. The model of care allows high treatment numbers with existing resources now permitting
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16 new treatment starts per week. The key features of the program that likely support its success
include the nurse-led model delivering DAA therapy locally, the state-wide coverage across all
correctional facilities, the use of information technology including telemedicine and a central
electronic medical record, a centralised pharmacy distribution with real-time prisoner tracking, and

federal government policy supporting prisoner access to DAAs.

An important benefit of the program it is that engages a marginalised population in hepatitis C
treatment and primary healthcare more broadly. Many prisoners had a history of current or recent
injecting prior to incarceration, and most had psychiatric comorbidities. As expected, a high
proportion (86%) had never previously consulted a clinician about hepatitis C treatment. PWID are
the group at greatest risk of hepatitis C infection in many developed countries and are traditionally
difficult to engage in health care. Prison-based hepatitis C treatment programs can therefore play a

vital role in increasing care and treatment in this group.

There is now a global focus on how to best utilise public health platforms to eliminate hepatitis C as a
public health threat. Mathematical modelling has estimated that for Victoria to achieve the WHO
elimination targets by 2030%, treatment rates among current PWID will need to be scaled up to
approximately 59/1000, or around 1,300 active PWID per year® 24, Sustaining this level of treatment
uptake in the community will require increased testing and retention of PWID in care®, including the

treatment of prisoners, many of whom have a history of current or recent injecting.

The success of our program has been recognised by a recent increase in resourcing to increment
treatment start numbers to 20 per week (1040/year). This treatment rate means the program would
potentially contribute >50% of the overall yearly elimination target for treatment scale-up among
PWID in Victoria, based on our data that 68% of prisoners with hepatitis C were considered current
PWID. This highlights the vital contribution that prison treatment programs can make as part of a

broader elimination agenda.

Limitations of this study include the large proportion of prisoners ‘lost to freedom’, most of whom
were released from prison between EOT and SVR12. The study, however, evaluates a proposed model
of care to increase treatment scale-up amongst a priority population, rather than to assess DAA
effectiveness, which is already established?> 2°. Despite a high proportion of prisoners who were ‘lost
to freedom’, approximately 90% did complete DAA therapy while incarcerated and most are
anticipated to have achieved cure. Previous Australian studies have demonstrated a hepatitis C
incidence of >10% annually amongst incarcerated PWID’. In our study there was only one confirmed
case of hepatitis C reinfection identified, although the duration of follow-up was only 12 weeks post

treatment; with a longer duration of follow-up a higher number of reinfections is anticipated. It is
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possible that a number of the cases of relapse were in fact reinfections with the same hepatitis C
genotype; regardless, the number of relapses was also low. The program supports retreatment of
those reinfected to engage prisoners at highest risk for transmission, key for reducing prison hepatitis
C prevalence and achieving community elimination targets. Finally, detailed data concerning the rate
of opt-in screening at reception, overseen by the prison medical staff, was not available, this step in
the cascade of care preceding referral to the program. The estimate of the percentage of viraemic
prisoners treated was informed by Australian data estimating hepatitis C seroprevalence within
prisons, the proportion therefore anticipated to be hepatitis C RNA positive and the short average
duration of imprisonment (Supplementary Table 2.2). Although the average time between assessment
and treatment was 4.6 months at the time of evaluation, there was a 4 month disparity between
commencement of clinical assessments in November 2015 and hepatitis C treatment availability in
March 2016. The period between assessment and initiating treatment has since fallen to an average

of 3 weeks, with 75% of prisoners assessed now starting DAA therapy.

Future work will explore refinements to prison-based models of care. This will include evaluating the
role for peer workers to increase prisoner engagement and the role for point-of-care testing to
increase screening uptake and reduce time from assessment to treatment start. This will also examine
the success of linkage to community care for prisoners released to freedom, including treatment
completion rates for those who are released on-treatment, as well as treatment uptake in those
referred to community treatment centres for DAA therapy post-release. In addition, long-term follow-

up studies to monitor for HCV reinfection are underway.

In conclusion, DAA therapy for hepatitis C using a decentralised, nurse-led model of care was highly
effective in increasing hepatitis C treatment access to a large population of prisoners, with high rates
of hepatitis C cure. Given the high prevalence of hepatitis C among prisoners, with many reporting
current or recent injecting drug use, large scale prison treatment programs should be promoted to

benefit both the individual prisoner and also hepatitis C elimination efforts in the broader community.

2.2.6 Further discussion

A high prevalence of cirrhosis was noted in the study cohort, which was multifactorial. Duration of
hepatitis C infection was identified as a contributing factor, evidenced by the higher median age of
cirrhotic versus non cirrhotic participants included in the cohort. Whilst the overall median age of the
cohort was 41 years, the median age of those with cirrhosis was 49 years [IQR 44-55]. Secondly, whilst
rates of HBV and HIV co-infection were low, 58% of participants identified prior alcohol misuse which
was assessed a contributory for the higher levels of cirrhosis than anticipated. Finally, as weekly

hepatitis C treatment initiations were capped throughout the time period evaluated in this study,
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individuals with cirrhosis were prioritised for treatment above those without cirrhosis, contributing to

the high prevalence of those with advanced liver disease included in this group.
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3 Chapter 3: The CLINK trial — a prospective randomised controlled
trial investigating linkage to HCV care following release from
prison

3.1 Introduction and Summary

Prison-based HCV treatment for people living with HCV infection has now been shown to be safe and
effective and can reach individuals in large numbers (310, 400). However, on account of short average
prison sentences and strict treatment eligibility criteria in some countries, many prisoners are released
untreated. Following release from prison, individuals encounter a number of immediate competing
priorities relating to housing, employment, and renegotiating social networks, and it is unclear how
HCV treatment is prioritised in this setting (313, 319). At commencement of this thesis, there was no
data regarding the likelihood of HCV DAA initiation, or the efficacy of dedicated transitional
interventions, amongst those individuals released from prison with untreated HCV infection. Multiple
interventions to enhance linkage to care on community re-entry, however, have been evaluated for
other medical conditions including HIV infection which demonstrate favourable outcomes regarding
community healthcare engagement and treatment continuity (359, 362). The aims of this chapter
were therefore to determine the likelihood of prisoners with HCV infection linking to care following

release, and whether a dedicated HCV transitional intervention could enhance DAA initiation rates.

Included in this chapter are two publications exploring these aims. The first was published as
correspondence and demonstrates that the likelihood of community HCV treatment initiation
amongst individuals released from prison after comprehensive HCV assessment was low. Overall, 25%
initiated HCV treatment within 6 months, however the only variable associated with commencement
was reincarceration and treatment within the prison. In this context, we developed an intervention to
support individuals to commence treatment after community re-entry. This model of care streamlined
the care cascade between community re-entry and treatment initiation, and also removed financial
barriers to treatment including fees for medical appointments and medications. This intervention
increased the likelihood of commencing HCV treatment during community re-entry and has important

implications for how we best manage individuals during transitions moving forward.

The retrospective data has been published as correspondence in The Lancet Infectious Diseases. The
prospective randomised controlled trial manuscript has been submitted to a peer-reviewed journal

for consideration of publication.
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3.2 Original correspondence — retrospective study

Prison based treatment of communicable disease can be safe and effective,

however post release linkage to care remains suboptimal

T Papalucal, G Tambakis?, D Iser!, A) Thompson!

1, Department of Gastroenterology, St Vincent’s Hospital and the University of Melbourne

3.2.1 Correspondence

We read with interest the article ‘Challenges and opportunities for the management of infectious
diseases in Europes’ prisons: evidence-based guidance’ by Tavoschi et al.! The authors describe the
high burden of communicable diseases including hepatitis C (HCV) in European prisons and how
prioritising healthcare in this sector has benefits for both prisoners and the broader community.
Similarly, in Australia there is a disproportionately high HCV seroprevalence amongst prisoners, as

high as 50% amongst people who inject drugs (PWID).?

The World Health Organisation has prioritised the elimination of HCV as a public health threat by
20303, and the prison setting must be used to engage prisoners living with HCV in care to achieve
these targets. The high prevalence of both HCV infection and PWIDs, and the short average length of
incarceration makes the prison ideal for diagnosing infection and providing short duration, highly
effective direct-acting antiviral therapy (DAAs). In this setting we recently described a nurse-led
model-of-care for HCV treatment in prison which is safe and achieves cure rates greater than 95%
amongst prisoners.* These data endorse the author’s recommendations and demonstrate that
system-wide prison programs are feasible and effective. Importantly, over 80% of these prisoners had
never engaged in specialist HCV care in the community and 68% reported injecting within one month
of incarceration. Prison-based healthcare can engage people who do not traditionally participate in

HCV care and interrupt onward transmission networks.

Another important healthcare gap is linkage to care post-release from prison. In a pilot study, we
evaluated the rate of successful linkage to HCV care among recently released prisoners. All prisoners
had a comprehensive HCV assessment whilst incarcerated and were planned for treatment before
release. On release, prisoners were referred to a local primary care practice with a detailed summary
of their clinical work-up, to streamline DAA prescription. There were no cost barriers to treatment
uptake. The rate of treatment uptake was determined by registration with the national drug
authorisation registry, required before DAA treatment can be dispensed. Among 75 former prisoners,

only 19 (25%) were prescribed DAAs within 6 months of release. Of these, 7/19 (37%) commenced
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treatment in prison when re-incarcerated during this period. Re-incarceration was the only predictor

significantly associated with DAA initiation.

This period of time immediately post release from prison can be a challenging, characterised by
competing priorities including renegotiating social networks, finding stable accommodation and
managing recidivism.®> There is a need for new models of care to optimize linkage to care post release

from prison for this vulnerable population.
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3.3 Original manuscript — prospective study

C-LINK: a prospective randomised controlled trial demonstrating that care
navigation post release from prisons increases initiation of hepatitis C

treatment

Timothy Papalucal, Anne Craigie!, Lucy McDonald!, Amy Edwards!, Rebecca Winter!?,
Annabelle Hoang?!, Alex Pappas!, Aoife Waldron?, Kelsey McCoy!, Mark Stoove?3, Joseph
Doyle?34, Margaret Hellard?>3#4, Jacinta Holmes!, Michael Maclsaac?!, Paul Desmond?, David

Iser!, Alexander Thompson'?

1, Department of Gastroenterology, St Vincent’s Hospital and the University of Melbourne. 2, Burnet Institute, Melbourne, Australia. 3,
Department of Epidemiology and Preventative Medicine, Monash University, Australia. 4, Department of Infectious Diseases, The Alfred

and Monash University, Melbourne Australia.

3.3.1 Abstract

Background:

Hepatitis C treatment within prisons is safe and effective and can reach individuals in large numbers.
Some prisoners, however, are released untreated. On community re-entry, individuals are faced with
a number of immediate competing priorities, and in this context, linkage to hepatitis C care is low.
Interventions targeted at improving healthcare continuity following re-entry have yielded positive

outcomes for other health diagnoses however data regarding hepatitis C transitional care is limited.
Methods:

We conducted a prospective randomised controlled trial comparing a hepatitis C care navigator
intervention to standard of care for individuals released from Victorian prisons with untreated
hepatitis C infection. The primary outcome was prescription of hepatitis C direct-acting antivirals

(DAA) within six months of community re-entry.
Results:

46 participants were randomised. The median age was 36 and 59% were male. Ninety percent
(n=36/40) had injected drugs within six months of incarceration, 50% self-reported a psychiatric
diagnosis and 28% were prescribed opioid substitution therapy. Twenty-two were randomised to care
navigation and 24 to standard of care. Individuals randomised to the intervention were more likely to
commence hepatitis C DAAs within six months of re-entry (73%, n=16/22 vs 33% n=8/24, p<0.01), and
the median time between re-entry and DAA prescription was also significantly shorter (21 days [11-

42] vs 82 days [44-99], p=0.049). The ability to successfully contact participants who were randomised
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to care navigation was the sole factor predicting treatment initiation (93%, n=14/15 vs 29%, n=2/7,

p<0.01).
Conclusions:

Hepatitis C transitional care for individuals re-entering the community is associated with a higher
likelihood of DAA initiation and reduced time to treatment. Treatment rates amongst unsupported
individuals are otherwise low. Similar programs should be implemented to contribute towards

hepatitis C elimination.

3.3.2 Introduction

It is estimated that 71 million people are living with hepatitis C virus infection globally (1). The
availability of direct acting antiviral medications (DAA) has revolutionised hepatitis C treatment and
cure rates exceed 95% in clinical trials (2, 3). In this context, the World Health Organisation (WHO) has
proposed elimination targets for hepatitis C infection including an 80% reduction in incidence by 2030
(4). To achieve these targets, treatment should be prioritised to high transmitting populations
including people who inject drugs (PWID) (5). As PWIDs experience a high lifetime risk of incarceration,
prisons are an important setting to engage and treat people living with hepatitis C (6). Prison-based
hepatitis C treatment has now been shown to be safe and effective, able to reach prisoners in large
numbers, and also reduce incident infection by preventing transmission (7-10). However, even where
prison treatment programs are available, short average sentence durations mean many prisoners are

released untreated.

Following release from prison, individuals are faced with multiple immediate competing priorities
including the need to find secure housing and employment, the renegotiation of social networks, and
managing the risk of return to substance use (11-14). This period is also defined by high rates of
morbidity and mortality, most commonly from accidental overdose or injury (15, 16). Despite the high
burden of medical and psychiatricillness amongst prisoners, in the context of these challenges, linkage
to healthcare following re-entry is low (17-19). This interruption of the care cascade includes poor
linkage to hepatitis C care for those individuals who are released untreated. We have previously
shown that only 25% of prisoners living with hepatitis C had commenced treatment within 6 months
of release, despite forwarding their community healthcare provider a comprehensive summary of
their prison-based assessment (20). The only factor positively associated with DAA commencement
was reincarceration with subsequent treatment by prison-based hepatitis C services. Data from North
America similarly demonstrates a low likelihood of linkage to hepatitis C care following community re-
entry, which ranges between 26-37% (21, 22). This vulnerable group is therefore inadequately served

by existing healthcare models.
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Multiple interventions designed to improve healthcare continuity amongst people leaving prison have
been evaluated including case-management, educational interventions, transportation assistance and
dedicated transition clinics, particularly amongst individuals living with HIV (23-27). Such interventions
have been associated with favourable outcomes including continuity of HIV anti-retroviral
medications, engagement in mental health and drug and alcohol services, and sustained involvement
with primary healthcare. Interventions tailored to support individuals during this critical period can
also reduce emergency department presentations and hospitalisations (28). A recent prospective,
single arm study demonstrated that 31% of individuals with HCV infection who received transitional
care co-ordination and patient navigation were linked to HCV care within 180 days of release (29).
There is, however, no randomised controlled data investigating the effect of transitional interventions

on linkage to hepatitis C care following community re-entry.

Whilst there are substantial challenges with linkage to viral hepatitis care during community re-entry,
achieving cure for these individuals is important to mitigate the long-term risks of untreated hepatitis
Cinfection including the development of cirrhosis and hepatocellular carcinoma, and more broadly to
contribute to viral elimination by interrupting onward transmission. We therefore investigated the
feasibility and efficacy of a post-release care navigation to improve the likelihood of recently released

prisoners with untreated hepatitis C infection commencing HCV DAAs.

3.3.3 Methods
We performed a randomised controlled trial to identify the likelihood of commencing HCV DAA
treatment amongst individuals who received hepatitis C case-management using a care navigator,

within six months of prison release, compared to those receiving standard of care.
Study design and setting

We evaluated a care navigator-led linkage to care intervention to support hepatitis C treatment
uptake following incarceration. This study was performed in the community setting; however,
participants were identified during incarceration at prison-based hepatitis C assessments. We have
previously established a successful nurse-led state-wide prison in-reach program which provides
comprehensive hepatitis C management for all prisoners in Victoria, Australia (7). Prisoners who were
assessed by the Program between 1%t October 2018 and 15" March 2020 but whom had an anticipated
release date within four weeks of their initial assessment were eligible for inclusion. The aims and
nature of the study were discussed with potential participants who then verbally consented to
participate and provided community contact details for either themselves and/or an associate. They
also provided written consent for the release of pharmaceutical claims information for the six months

following community re-entry to determine their hepatitis C treatment status. Associates included
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family members, community healthcare providers and peers. All participants were provided with a
toll-free number at the time of their prison-based assessment and were encouraged to contact the
study co-ordinator following community re-entry to discuss treatment. Once prison release was
confirmed, participants were randomised electronically using a randomisation key generated by a
third party to either care navigation or standard of care on a 1:1 basis, and were stratified by opioid
substitution therapy (OST) prescription which was anticipated to be associated with higher rates of

linkage to hepatitis C care.
Participants

Participants were identified during prison-based assessments. Inclusion criteria for participation
included i) active hepatitis C infection, defined as a positive hepatitis C RNA PCR; ii) ability to provide
at least one telephone number for community contact post release; iii) age 18 to 65 years; and iv)
ineligibility for prison-based hepatitis C treatment (anticipated release within 4 weeks of initial
assessment). Prisoners were excluded if i) they had hepatic cirrhosis (liver stiffness measurement of
>12.5kPa); ii) they were prescribed medications contraindicated to co-administration with hepatitis C
DAA,; iii) they remained under the authority of the Department of Justice including those serving a
community-based correction order following incarceration and/or iv) hepatitis C treatment was

commenced in prison.
Study Intervention

Participants randomised to care navigation received a transitional intervention including telephone-
based consultations and support, prescription of hepatitis C DAA medications, and reimbursements
for i) DAA medication co-payments ($16.80-5116.40 AUDs), ii) study participation time (vouchers at
baseline, end-of-treatment, and SVR12 timepoints (520, S50, $100 AUD, respectively)) and OST, if
applicable. OST, including methadone and buprenorphine, are reimbursed for Australian citizens,

however a weekly dispending fee of $35.00 AUD is charged by community pharmacies.

Following re-entry, community pharmacies are reimbursed by the Department of Justice, Victorian
Government to dispense an individual’s OST for four weeks, when prescribed during incarceration.
OST dispensing fees were continued to be reimbursed for care navigation recipients for the duration

of hepatitis C treatment (5140-280 AUD), which was paid directly to the dispensing pharmacy.

Medications were prescribed via the Australian Pharmaceutical Benefits Scheme, which reimburses
DAA therapy for all Australians with chronic hepatitis C infection. The prescription was dispensed at
St Vincent’s Hospital Melbourne and then medications were packaged into monthly blister packs and
distributed to a participants’ accommodation or their community pharmacy for collection via

registered post. The initial four weeks of therapy was sent to the participant, and then the remaining
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four to eight weeks were sent once treatment initiation was confirmed by the participant or

community pharmacy.

Reimbursement with vouchers for a supermarket chain were provided for study participation time at
treatment baseline, end-of-treatment and after completion of SVR12 blood tests, where they
remained engaged in care. A toll-free number was provided to study participants and telephone
contact could be initiated by either the study coordinators or the participant themselves. The prison
database was screened intermittently to determine if participants had been reincarcerated, and if so,
a Statewide Hepatitis Program nurse was informed so that treatment could be commenced or
continued within the prison. Where there were concerns regarding the mental or physical wellbeing
of a participant or treatment-related adverse events, a face-to-face review at St Vincent’s Hospital

Melbourne or a regional hospital were arranged.

Participants randomised to the case management intervention were contacted via telephone within
two weeks of prison release. Where an associate was nominated, they were contacted by the study
team to ascertain contact details for the study participant. If contact was not established within six
weeks of community re-entry, no further attempts were made. If contact was successful, the care

navigation model was described to the participant who re-consented for ongoing participation.
Standard of care

In Victoria, standard discharge protocols for re-entering individuals include a non-compulsory medical
appointment to create a discharge summary of diagnoses and medications for their community
healthcare provider. If an individual is prescribed OST, they are provided with a community prescriber

and dispensing pharmacy, and therapy is subsidised for four weeks.

For participants randomised to standard of care, an additional comprehensive summary of
information from their prison-based HCV assessment was shared with a nominated community
healthcare provider, where identified. This included results of blood-based investigations including
HCV RNA PCR and genotype, hepatitis B virus (HBV) serology, liver and renal biochemistry and
transient elastography results, where available. The referral also included information about DAA
prescribing and identifying potential drug-drug interactions. An alert was created for participants
prison-based electronic medical record to indicate that they remained untreated and should be
referred to the Statewide Hepatitis Program in the event of reincarceration. Standard of care
participants were also provided with a toll-free number on which they could contact the study
coordinators following release. When contact was initiated by the participant, they were directed to

their local healthcare provider to commence HCV treatment.
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Participants randomised to standard of care were contacted by the study team six months post release
to determine hepatitis C treatment status. All hepatitis C treatments in Australia are reimbursed
through a national scheme that registers prescriptions written for an individual. All participants
consented to investigators contacting the national register at the end of follow-up to confirm whether
any prescription for hepatitis C treatment had been generated for an individual. At six months post-
release, participants who remained hepatitis C treatment naive in the standard-of-care arm were

eligible to receive care navigation equivalent to participants in the intervention arm.
Data collection

Baseline characteristics were collected during participants’ Statewide Hepatitis Program prison-based
assessment. This included demographics, a detailed clinical questionnaire regarding HCV diagnosis
and prior management, evaluation of risk behaviours, liver stiffness measurements (using transient
elastography) for fibrosis determination and blood-based investigations including full blood count,
liver and renal biochemistry, HCV RNA and genotype, and HIV / HBV serology. Blood based
investigations results were transcribed from the Statewide Hepatitis Program operational database.
Regarding injecting drug use (IDU) practices, a history of IDU was defined as having ever injected an
illicit substance. Recent IDU was defined as the injecting of an illicit substance within the six months
prior to incarceration. Self-reported medical and psychiatric comorbidities, and medications as
documented in their prison health record were also recorded. It was noted whether a participant was
receiving daily OST prior to release, all of whom were referred to a community OST prescriber prior

to discharge by the prison healthcare provider.

Following release, the time interval between community re-entry and i) successful contact as well as
ii) DAA commencement were noted. The receipt of DAA medications, as well as completion of all
tablets (self-reported), defined as end-of-treatment (EOT), were recorded. Pathology request forms
were mailed to participants prior to the SVR12 timepoint, enabling them to access their local
pathology provider. Participants in the intervention group continued to be followed until a HCV PCR
test 12 weeks after completion of therapy was performed. HCV cure was defined as an absence of
detectable HCV RNA on PCR testing at least 12 weeks after completion of therapy. Instances of
reincarceration were recorded during follow-up. The occurrence and frequency of adverse events was
recorded. Data from the national drug reimbursement schedule was the final source-of-truth for DAA

prescription at 6 months in those participants who were uncontactable.

Outcomes for analysis
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The primary endpoint was the frequency of participants who were prescribed HCV DAAs within six
months of prison release. Secondary endpoints included time to DAA prescription, frequency of

community- and prison-based treatment initiations, completion of treatment and SVR12 outcomes.
Data analysis

Power calculations were conducted prior to study commencement anticipating 25% of participantsin
the standard of care and 55% in the case-management groups would commence HCV DAAs within 6
months of community re-entry. These thresholds were informed by our respective data where 25% of
unsupported individuals had commenced DAAs within 6 months of community re-entry following
incarceration. It was anticipated that the transitional hepatitis C care would improve initiation rates
by greater than two fold, and therefore 55% was selected. A target of 96 participants was identified
to achieve a power of 80% and alpha value of 0.05. However, recruitment was terminated in March
2020 due to the SAR-CoV-2 global pandemic which resulted in the suspension of face-to-face prison-

based HCV assessments.

We considered the primary outcome of DAA initiation using intention-to-treat analysis. Categorical
variables were applied to chi-squared tests (or Fisher's Exact tests for samples less than five) while
continuous variables were applied to (parametric) t-tests and (non-parametric) Mann-
Whitney/Kruskal-Wallis tests for symmetrically and asymmetrically distributed data, respectively.
Statistical analysis was performed using STATA 12.0 (StataCorp LP, TX, USA). Statistical significance

was defined at the 5% level.
Ethics

This research protocol was approved by St Vincent’s Hospital Human Research Ethics Committee

(REF HREC/17/SVHM/282).

3.3.4 Results

Participant characteristics

In total, 46 participants were randomised over 16 months. Participants were predominantly male
(n=28, 61%), the median age was 36 years and 20% identified as Indigenous Australian (Table 1).
Infection with hepatitis C genotype 1 was most commonly detected (n=19, 41%), followed by
genotype 3 (n=14, 30%). One participant was HIV co-infected. No participant had active HBV co-
infection, however eight participants were HBsAg-negative and anti-HBc positive consistent with prior
exposure. Most participants had no or mild fibrosis (LSM < 9kPa, n=31/35, 38%), and a minority had
advanced fibrosis (LSM 9-12.4kPa, n=4/35, 11%). None were cirrhotic. All participants reported a

history of IDU and most reported IDU within the six months prior to incarceration (n=36/40, 90%).
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There was a high prevalence of self-reported psychiatric comorbidities (n=23, 50%) and approximately

a third were prescribed OST at the time of prison release (n=13, 28%). Twenty (43%) participants were

reincarcerated during the 6-month follow-up. Baseline characteristics were well matched between

the case management and standard of care groups (Table 3.1) with the exception of the prevalence

of self-reported psychiatric diagnoses: most commonly anxiety, depression and drug induced

psychosis (case-management n=16/22, 73% vs standard of care n=9/24, 38%, p=0.02). There was,

however, no significant difference in the number of participants prescribed psychotropic medications.

Table 3.1: Baseline participants characteristics.

Table 3.1: Baseline Total Care navigation Standard of care P
characteristics (n=46) (n=22) (n=24) value
Age, years, median [IQR] 36 [32-41] 35[31-41] 36 [32-41] NS
Male sex, n (%) 27 (59) 13 (59) 14 (58) NS
Body mass index, kg/m?,
median [IOR] 26.3 [21.5-29.1] 26.6 [22.1-29.2] 25.4 [21.4-29.8] NS
Indigenous Australian,
n (%) 9(20) 5(23) 4(17) NS
HCV genotype, n (%)

-1 19 (41) 9 (41) 10 (42)

- 2 2(5) 2(9) 0(0) NS

- 3 14 (30) 7 (32) 7 (29)

- 4 1(2) 1(4) 0(0)

- NA 10(22) 3(14) 7 (29)
ALT, U/mL, median [IQR] 63 [ 37-102] 62 [35-142] 63 [37-87] NS
Platelet count, median [IQR] 270 [213-326] 269 [214-323] 278 [199-353] NS
HBV serology, n (%)

- HBsAg 0(0) 0(0) 0(0) NS

- Anti-HBs 33(72) 16 (72) 17 (71)

- Anti-HBc 8(17) 3(18) 5(21)
HIV coinfection, n (%) 1(2) 1(5) 0(0) NS
Liver Stiffness, n (%)

- <6kPa 17/35 (49) 8/15 (53) 9/20 (45)

- 6-9kPa 14/35 (40) 7/15 (47) 7/20 (35) NS

- 9-12.5kPa 4/35 (11) 0(0) 4/20 (20)

- >12.5kPa 0/35 (0) 0(0) 0/20 (0)
Cirrhosis, n (%) 0(0) 0(0) 0(0) NS
Injecting drug use, n (%)

- PWID, ever 46 (100) 22 (100) 24 (100) NS

- PWID, within 6

months of 36/40 (90) 18/21 (86) 18/19 (95) NS
incarceration

Comorbid psychiatric illness, 23 (50) 16 (73) 9 (38) 0.02
n (%)
z};’\;chotroplc medication, n 20 (43) 13 (59) 7 (29) NS
OST at prison release 13 (28) 7 (32) 6 (25) NS
Reincarceration*, n (%) 20 (43) 11 (50) 9(38) NS
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*Reincarceration within the 6-month period of follow up. Legend: HCV, hepatitis C; ALT, alanine
aminotransferase, ALT; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HIV, human immunodeficiency

virus; PWID, person who injects drugs; OST; opioid substitution therapy.
Likelihood of hepatitis C treatment initiation, Primary outcome: hepatitis C treatment initiation

Care navigation was associated with a higher rate of linkage to care and hepatitis C treatment initiation
post-release from prison. Sixteen of the 22 participants (73%) randomised to care navigation
commenced hepatitis C treatment within six months following release from prison, compared to 8 of
the 24 participants (33%) in the standard of care arm (p=0.01) (figure 1). The median time between
community re-entry and prescription of hepatitis C DAAs was 21 days [IQR 11-42 days] for individuals
randomised to care navigation and 82 days [IQR 44-99 days] for standard of care participants

(p=0.049).

Figure 3.1: Participant consort diagram
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Cascade of care, care navigator intervention arm

Overall, 16 participants randomised to the care navigation commenced treatment within six months
of community re-entry, 15 (94%) of whom did so via the intervention. This included 13 treated directly
in the community by the care navigator and two who were fast tracked for prison-based treatment by
care navigator referral following reincarceration. One additional participant, who was unable to be
contacted by the care navigator, was prescribed treatment in the community via an alternate
community healthcare provider. The proportion of participants randomised to care navigation

retained in hepatitis C care at each treatment milestone is displayed in figure 2.

In total, 38 points of contact were recorded for the 22 participants (supplemental table 4.1). While a
personal telephone number was most frequently provided (n=12), successful participant contact was
more commonly achieved via a family member (n=10 [parent n=7, alternate family member n=3]) than
with the participant directly (n=4) (Supplemental table 4.1). Overall, 20 participants or their associates
were contactable. In five cases however, the associate was either unable (n=4) or unwilling (n=1) to
facilitate onward contact with the participant, and 15 participants themselves were ultimately

contactable. A median of 4 contact attempts were made to engage the participants (range 1-17).

Of the 15 participants who were directly contactable, 13 (87%) were successfully commenced on HCV
DAA therapy by the care navigator. The median times between prison release and i) successful contact
with participant or associate, ii) successful contact with participant themselves and iii)
commencement of HCV DAAs was 9.5 days [IQR 5-20], 21 days [IQR 5-36] and 38 days [IQR 24-48],
respectively. The period between DAA receipt and initiation was less than four weeks for 11
participants and greater than four weeks for two. Ten participants were treated with eight weeks
glecaprevir + pibrentasvir and three were prescribed 12 weeks sofosbuvir + velpatasvir. Medications
were either mailed to the participants’ community pharmacy for collection (n=7), to their home (n=4)
or were provided to the participant in person (n=2). Nine participants completed treatment and four
had partial treatment between 28 and 56 days. Seven had SVR12 bloods collected; six achieved SVR12
and one participant who had incomplete treatment, relapsed, and is undergoing retreatment. A
participant with HIV co-infection who discontinued anti-retroviral therapy following community re-
entry was also referred for specialist HIV care by the care navigator and hepatitis C and HIV treatments
were initiated simultaneously. Of the 13 who commenced treatment, seven (54%) changed telephone

number during follow-up after initial contact (range 0-2).

Two participants in the intervention arm commenced hepatitis C treatment in prison following
reincarceration, with the reincarceration episode identified by the care navigator. Following

identification of reincarceration, the care navigator informed the prison hepatitis treatment service
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who expedited prison-based DAA initiation. Both were treated with glecaprevir + pibrentasvir. One

completed treatment and one was released at treatment week six with their remaining medication.

Treatment was overall well tolerated. One participant reported nausea and one developed Bell’s Palsy

at treatment week four, which was not thought to be treatment related following clinical review.

Figure 3.2: Proportion of participants engaged in care at hepatitis C treatment milestones.

Proportion of participants engaged in care at
hepatitis C treatment milestones
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Legend: DAA, direct-acting antivirals; SVR12, sustained virologic response at post-treatment week 12.
Standard of care group

As per the study protocol, participants in the control arm were not directly contacted until six months
post-release from prison. Six of 24 participants were able to be contacted at six months, which was
achieved through an associate (n=5) or directly (n=1). A further three associates were contactable but
were unable to facilitate onward contact with the participant themselves. Prescription of hepatitis C
treatment during this period was documented from the national drug prescription database which
approves and registers all hepatitis treatments in Australia in real time. In total, eight of 24
commenced treatment within six months of prison release, including five treatments prescribed in the
community and three prescribed in the prison following reincarceration (figure 1). Of the five
community prescriptions, two participants self-reported completion, two discontinued treatment
between day 7-14, and the outcome for one is unknown. Two participants in the prison achieved
SVR12, and one was released prior to EOT. Only one participant in the standard of care arm initiated

contact with the study team using the toll-free number provided during the period of follow up.
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All participants randomised to standard of care were eligible to switch to case management at six
months post release, if they remained untreated. Of the sixteen participants who remained untreated,
only three were contactable, either directly or via their nominated associate. Two subsequently
commenced treatment via the intervention. The third was being evaluated for treatment at a tertiary
hospital outpatient clinic and elected to continue with this health service. Another participant in the
standard of care arm who had incomplete community-initiated treatment (7 days sofosbuvir +
velpatasvir) was contacted through their nominated community healthcare provider, enrolled in care

navigation and retreated.
Community- vs prison-based hepatitis C treatment initiations according to treatment arm

Comparing the frequency of community-based DAA initiations during follow-up, 14 (64%) participants
randomised to care navigation and five (21%) receiving standard of care commenced treatment in the

community. This difference was significant (n=14/22, 64% vs n=5/24, 21% p=0.01).

Of the 14 receiving care navigation who initiated DAAs in the community, 13 did so via the
intervention. Of the five participants treated in the standard of care arm, two were treated by their
primary physician, one via a supervised injecting facility outreach program, and one through a
hospital-based outpatient clinic. One participant had treatment registered by the national database,

but the details of the clinical setting were not available.

Overall, 20 (43%) participants were reincarcerated at least once during follow-up. The rate of
incarceration was similar between groups (care navigation n=11/22, 50% vs standard of care n=9/24,
38%, p=0.55). The proportion of reincarcerated participants treated in prison was lower amongst
those randomised to care navigation (n=2/11, 18% vs standard of care n=3/9, 33%, p=0.61). However,
when participants who had already commenced hepatitis C DAA in the community prior to
reincarceration were excluded, enrolment in care navigation was associated with a numerically higher
likelihood of hepatitis C treatment initiation during reincarceration compared to standard of care
(n=2/5, 40% vs n=3/9, 33%, p=1.0).

Predictors of treatment initiation

Predictors of treatment initiation were considered on univariate analysis for both the care navigation
and control groups (Table 3.2). The only factor associated with a higher likelihood of DAA
commencement amongst those randomised to care navigation was achieving successful participant

contact following release (n=14/15, 93% vs n=2/7, 29%, p=0.01). No baseline factors predicted

treatment initiation amongst those randomised to standard of care (table 3.2).
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Table 3.2: Predictors of treatment initiation in participants randomised to care navigation and

standard of care.

Variable Care navigation P Standard of care P value
(n=22) value (n=24)
Treated | Not treated Treated Not treated
(n=16) (n=6) (n=8) (n=16)
56% 67% 75% 50%
Male sex 1.0 0.39
(n=9) (n=4) (n=6) (n=8)
35 38 33 38
Age 0.36 0.48
[31-41] [34-43] [31-40] [32-42]
) 12.5% 50% 13% 19%
Indigenous 0.10 1.0
(n=2) (n=3) (n=1) (n=3)
. . 50% 50% 38% 38%
Reincarceration 1.0 1.0
(n=8) (n=3) (n=3) (n=6)
Opioid substitution 38% 17% 13% 31%
0.62 0.62
therapy (n=6) (n=1) (n=1) (n=5)
Psychiatric 81% 50% 25% 44%
o 0.28 0.66
comorbidity (n=13) (n=3) (n=2) (n=7)
IDU within 6/12 of
. H 94% 60% 0.13 86% 100% 0.37
incarceration . .
n=15/16 n=3/5 n=6/7 n=12/12
(n=36/40) (n=15/16) | (n=3/5) (n=6/7) (n=12/12)
Successful participant
. 88% 17%
contact following 0.01 - - -
. . (n=14) (n=1)
incarceration

Legend: IDU, injecting drug use.

3.3.5 Discussion

This is the first randomised controlled trial to demonstrate that care navigator-led hepatitis C case
management is associated with significant improvement in DAA initiation rates amongst individuals
following release from prison. Overall, 73% of participants enrolled in care navigation commenced
HCV DAAs within six months of community re-entry, 94% of whom had done so via the intervention.
The time to treatment in the care navigator arm was also significantly shorter, an important benefit
of streamlined care. The model can minimise the need for repeat diagnostic tests, medical
appointments, and specialist referral prior to treatment. The model also promotes hepatitis C care as
a priority, important in a time of competing priorities, including securing stable housing and income
following community re-entry, ministering personal relationships, and managing recidivist behaviours.
Itis therefore not surprising that only 33% of participants randomised to standard-of-care commenced

treatment during follow-up. Of these, almost 40% did so within prison following reincarceration.
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These results are in keeping with our previous findings in a retrospective audit in which only 25% of
individuals commenced DAAs within 6 months of incarceration and are similar to other international

data (19-21) - without dedicated transition support, linkage to care is low.

We observed a higher likelihood of DAA initiation than Akiyama and colleagues, who performed a
single arm study in the USA evaluating hepatitis C care coordination and patient navigation for recently
released individuals. The higher commencement rate amongst our participants is likely multifactorial.
Firstly, we were able to successfully contact a greater number of participants following re-entry, which
our data identifies is key for transitional care engagement. Secondly, we created a model of care which
enhanced immediate treatment initiation without significant time or fiscal expenditure, rather than
supporting an individual to navigate existing protracted healthcare pathways. Finally, our model
incorporated a pathway for accelerated prison-based treatment initiation, anticipating a high rate of

reincarceration amongst this group.

The ability to contact participants following re-entry was key to engaging individuals in care, and was
the sole predictor of treatment initiation amongst those randomised to care navigation. Overall, 14 of
the 15 participants who were directly contactable commenced hepatitis C treatment, 13 of whom did
so in the community via the intervention. This suggests that those re-entering the community
prioritise their hepatitis C management highly, and when supported to treatment initiation, high
engagement is achieved. Although only a minority of untreated participants randomised to standard
of care were contactable at six months post release, again, two of three were commenced on hepatitis
C treatment via the intervention. This further endorses the model’s ability to overcome inherent

barriers to care on re-entry and engage those poorly served by existing healthcare pathways.

We did, however, encounter difficulties in maintaining contact with some participants whilst on
treatment and to the SVR12 timepoint. This was most frequently due to a change in contact details;
in fact, most participants who were treated via care navigation changed primary telephone numbers
at least once. The difference between an individual’s anticipated and actual contact details,
accommodation and social networks before and after prison release is also evidenced by
approximately 80% of control participants being uncontactable at six months post release. Successful
engagement in hepatitis C transitional care is therefore dependent on early and active contact
immediately following release from prison when there appears to be some certainty about an
individual’s contact information. Furthermore, as only one participant-initiated contact following
prison release via the toll-free number provided, the responsibility of establishing contact must lie
with transitional care coordinators in order to achieve a level of engagement adequate to justify

resourcing.
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The time to hepatitis C treatment was also significantly shorter for those randomised to care
navigation. Prior Australian data has identified that almost half of individuals with an IDU history
resumed IDU within six months of community re-entry (13). Given the high likelihood of recidivist IDU
amongst this group and the potential for onward transmission, reducing time between re-entry and

DAA initiation may also have important implications in reducing incident infection in the community.

Overall, 43% of the participants were reincarcerated during follow up. The success of our model was
in part due to accelerated treatment initiation for individuals noted to be reincarcerated during
surveillance of the prison database. Prison reception staff address several healthcare issues for an
incoming prisoner and in this context, referral for hepatitis C treatment may be missed or delayed.
Our data demonstrate that active monitoring for reincarceration is associated with a numerically
higher rate of prison-based hepatitis C treatment. More broadly however, these data emphasize the
close association between PWIDs and detention, and the cyclical movements between community
and prison. In this context, enhanced collaboration between prison and community healthcare
providers is important to manage the complex needs of this population across siloed medical services.
In Australia there is an existing workforce of integrated hepatitis nurses who assist in coordinating
hepatitis C care, including for individuals re-entering the community from prisons. These data support
the formalisation of this role and referral pathways between Justice healthcare departments and this
sector. Given the frequent interaction between PWID and the prison sector, we must also continue to
advocate for prison-based hepatitis C treatment internationally where not currently standard practice,
and continue to evaluate systems to improve hepatitis C treatment throughput where in place. This
may include strategies such as point-of-care diagnostics at prison entry, or initiation of hepatitis C DAA

prior to re-entry with linkage to a transitional healthcare service on release.

This study has several limitations. Firstly, due to the SARS-CoV-2 global pandemic and the suspension
of prison-based hepatitis C assessments in our jurisdiction, recruitment was terminated early. As such,
although the differences in the rates of DAA initiation between groups were significant, we
acknowledge that the overall sample size is small. Secondly, this model relies on a policy of universal
access to DAA for all persons living with hepatitis C infection irrespective of fibrosis or PWID status, as
is the current practice in Australia, which may affect its applicability in other settings globally when
treatment is restricted. The importance of treating PWIDs however is increasingly being recognised
by policy makers globally and access to DAAs is similar in a large number of high-income countries.
Some individuals with whom the study was discussed were subsequently sentenced and treated whilst
incarcerated and did not necessarily come to the attention of the study team. Whilst no individual

refused participation in the study during prison-based assessments, this limits our ability to
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confidently determine the number of individuals who were randomised compared to the number for

which study participation was explored.

Future studies will explore broader psychosocial determinants of hepatitis C transitional care
engagement to refine the future models. A cost-effectiveness analysis is also planned to determine
whether assertive hepatitis C transitional care for individuals leaving the prison system is a cost

effective method of contributing to hepatitis C elimination which should be adopted more broadly.

In summary, transitional care navigation increases the likelihood that individuals living with hepatitis
C are successfully engaged in care following release from prison, and also reduces time to treatment.
Treatment rates amongst unsupported individuals are otherwise low, likely due to low prioritisation
of hepatitis C care in the setting of multiple re-entry challenges. Similar programs should be developed
and implemented to make a meaningful contribution to improving health outcomes amongst this

marginalised population.
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4 Chapter 4: The use of non-invasive fibrosis algorithms for
excluding cirrhosis in prisoners

4.1 Introduction and Summary

Whilst prison-based HCV treatment using DAAs is safe and effective, there remain a number of barriers
preventing the widespread implementation of prison-based HCV programs internationally (295, 383).
Furthermore, where such programs are operational, treatment throughput can also be impeded by a
range of factors. These barriers may be system, prisoner, economic or treatment-related and each
requires further evaluation to both understand, and mitigate, their impact. One important barrier is
the need for cirrhosis determination prior to DAA initiation (275). Cirrhosis determination prior to
hepatitis C treatment is important for the selection of an appropriate DAA regimen and to determine
those who should be enrolled in HCC surveillance following successful treatment (156). TE is the most
reliable non-invasive method for fibrosis assessment, however it is also poorly suited to the prison
setting being costly, difficult to transport across an entire jurisdiction and presents challenges relating
to staff credentialing (401). Blood-based fibrosis algorithms, including the APRI and FIB-4, have been
shown to achieve excellent NPVs for the exclusion of cirrhosis and advanced fibrosis, respectively,
which could streamline HCV assessment in prisons (129, 131, 402). These algorithms, however, have

not been evaluated amongst prison-based cohorts.

The aim of this study was to evaluate the ability of blood-based algorithms to exclude cirrhosis in
prisoners, and to determine the impact on reducing the need for TE if incorporated into HCV
assessment protocols in the prison setting. We also investigated the utility of including age thresholds
in fibrosis determination pathways. We identified that both APRI and FIB-4 at thresholds of 1.0 and
1.45, respectively, achieved NPVs for cirrhosis of >95% and if used as a trigger for TE, would reduce
referrals for this investigation by over 70%. We also developed and validated a novel fibrosis
assessment pathway for use in prisoners which includes both categorical age thresholds and the APRI.

This evaluation is included in the manuscript below.
This study has been accepted for publication in PLoS One.
Reference:

Papaluca T, Craigie A, McDonald L, Edwards A, Maclsaac M, Holmes J, Jarman M, Lee T, Huang H, Chan
A, Lai M, Sundararajan V, Doyle J, Hellard M, Stoove M, Howell J, Desmond P, Iser D, Thompson A.
Non-invasive fibrosis algorithms are clinically useful for excluding cirrhosis in prisoners living with

hepatitis C. Accepted for publication in PLoS One.
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4.2 Original manuscript

Non-invasive fibrosis algorithms are clinically useful for excluding cirrhosis in
prisoners living with hepatitis C

Timothy Papaluca?l, Anne Craigie!, Lucy McDonald!, Amy Edwards!, Michael Maclsaac?,
Jacinta A Holmes?, Matthew Jarman?, Tanya Lee!, Hannah Huang?, Andrew Chan?, Mark Lai?,
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5, Department of Epidemiology and Preventative Medicine, Monash University, Australia. 6, Department of Infectious Diseases, The Alfred

and Monash University, Melbourne Australia.
4.2.1 Abstract

Background and Aims:

Prison-based HCV treatment rates remain low due to multiple barriers, including accessing transient
elastography for cirrhosis determination. The AST-to-platelet ratio index (APRI) and FIB-4 scores have
excellent negative predictive value (NPV) in hospital cohorts to exclude cirrhosis. We investigated their

performance in a large cohort of prisoners with HCV infection.
Methods:

This was a retrospective cohort study of participants assessed by a prison-based hepatitis program.
The sensitivity, specificity, NPV and positive predictive value (PPV) of APRI and FIB-4 for cirrhosis were
then analysed, with transient elastography as the reference standard. The utility of age thresholds as

a trigger for transient elastography was also explored.
Results:

Data from 1007 prisoners were included. The median age was 41, 89% were male, and 12% had
cirrhosis. An APRI cut-off of 1.0 and FIB-4 cut-off of 1.45 had NPVs for cirrhosis of 96.1% and 96.6%,
respectively, and if used to triage prisoners for transient elastography, could reduce the need for this
investigation by 71%. The PPVs of APRI and FIB-4 for cirrhosis at these cut-offs were low. Age <35
years alone had a NPV for cirrhosis of 96.5%. In those >35 years, the APRI cut-off of 1.0 alone had a
high NPV >95%.

Conclusion:

APRI and FIB-4 scores can reliably exclude cirrhosis in prisoners and reduce requirement for transient

elastography. This finding will simplify the cascade of care for prisoners living with hepatitis C.
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4.2.2 Introduction

The advent of direct acting antivirals (DAAs) has revolutionised the treatment of chronic hepatitis C
virus (HCV) infection. People living with HCV can now be treated with all oral, short duration, and well
tolerated DAA regimens which achieve cure rates in excess of 95% [1,2]. In this context, the World
Health Organization (WHO) has established targets for HCV elimination, including an 80% reduction
in incident infections and a 65% reduction in HCV related mortality by 2030 [3]. Mathematical
modelling has demonstrated that to achieve these targets, concerted efforts must be made to treat

key populations with high risk for transmission including people who inject drugs (PWID) [4].

Prisons provide an excellent opportunity to identify and treat people living with HCV given the over-
representation of people with injecting drug use histories and the associated high prevalence of
chronic HCV [5]; HCV seroprevalence exceeds 15% in prisons globally, and in Australia is as high as
50% amongst incarcerated PWIDs [6,7]. Multiple data have now demonstrated that prison-based HCV
treatment is safe and effective and can reach prisoners in large numbers [8-10]. Despite this, rates of
HCV treatment in prisons worldwide remain low due to multiple barriers [11]. These include frequent
prisoner transfer interrupting treatment, short sentence durations, the need for hospital transfer for
specialist review and limited resourcing for HCV testing and treatment [12,13]. One important barrier

is access to TE (e.g. FibroScan®) for cirrhosis determination in the correctional setting [14].

Cirrhosis determination prior to HCV DAA initiation is important for decision-making regarding
treatment regimen and duration, and to identify those who require ongoing specialist referral for
cirrhosis management and hepatocellular cancer (HCC) surveillance [15]. TE is the most accurate non-
invasive tool for cirrhosis determination and has largely replaced liver biopsy in the community [16].
Access to TE within the correctional sector however is challenging and remains a significant barrier to
care due to its high cost, limited availability of equipment within prison health services, frequent need

for prisoner transfer and issues with security [10,17].

Based on routine blood tests, the AST-to-platelet ratio index (APRI) and the FIB-4 score were
developed to predict advanced fibrosis and cirrhosis, using community recruited samples [18-21].
Both scores have subsequently been validated and demonstrate excellent negative predictive value
for excluding advanced fibrosis or cirrhosis. Indeed, the WHO recommends both APRI and FIB-4 as
cost-effective tools for the assessment of hepatic fibrosis in resource-limited settings [22]. Prisoner
populations, however, are characterised by male gender, younger age, as well as multiple high-risk
behaviours that differ considerably from the hospital populations used to validate these algorithms.

Validation of simple serum-based fibrosis markers for use in the correctional setting to triage prisoners
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at risk of cirrhosis would be clinically useful and help improve the cascade of care by reducing

treatment costs and the time delay and logistical challenges associated with TE.

We have therefore evaluated the accuracy of non-invasive fibrosis algorithm scores including APRI
and FIB-4 as a practical triage tool for excluding cirrhosis in the correctional setting. This analysis was
conducted using a large cohort of prisoners with HCV infection with a view to simplifying clinical
pathways by reducing the number of prisoners requiring TE, therefore improving the HCV cascade of

care.

4.2.3 Materials and methods

Data availability statement

The data included in this analysis includes sensitive information regarding prisoners under the care of
the Department of Justice and Regulation, Victorian Government. As such, in keeping with
Department of Justice regulations, this data cannot be made publicly available. Data queries regarding
the hepatitis C non-invasive fibrosis algorithm dataset can be forwarded to Bernadette De Graff,
Clinical Research Compliance Manager, Department of Gastroenterology, St Vincent’s Hospital

Melbourne, Bernadette.degraff@svha.org.au.
Participants

This was a retrospective cohort study investigating the performance of the APRI and FIB-4 in a prison
setting. The cohort provided prospectively collected data from all prisoners with HCV infection
evaluated through the Statewide Hepatitis Program in Victoria, Australia. Prisoners evaluated for HCV
infection were consecutively recruited from November 2015. This model of care has been described
in detail previously [8]. Prisoners who self-reported a prior HCV diagnosis or who were identified as
HCV seropositive whilst incarcerated were referred to the Statewide Hepatitis Program for face-to-
face protocol-driven assessments with a program nurse. Clinical assessments were conducted at all
15 adult prisons throughout Victoria, which are serviced by the program. Pathology testing was
performed by the diagnostic laboratory affiliated with each correctional facility. A database was
created containing participants’ baseline clinical characteristics, blood test results and liver stiffness
measurement (LSM) median scores, interquartile ranges (IQR) and IQR:median ratios. Blood-based
investigations that were recorded included haemoglobin, white blood cell count, platelet count,
creatinine, urea, sodium, alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), bilirubin, albumin, international

normalised ratio (INR), hepatitis B/C serology, HIV serology, and HCV genotype and viral load.
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Prisoners were excluded if they had insufficient blood test results to calculate the APRI or FIB-4 scores
within 6 months of TE, if TE had not been performed, if IQR:median ratio exceeded 0.3 or the absence

of current HCV infection, defined as detectable HCV RNA (figure 1).
Liver cirrhosis determination

TE was used for cirrhosis determination at each prisoner’s initial clinical assessment to guide
appropriate management. Cirrhosis was defined as a median LSM of >12.5kPa, in keeping with
Australian HCV consensus guidelines [23, 24]. Blood-based and radiologically investigations were also
arranged at this review, where appropriate. TE was performed using FibroScan® (Echosens) with the
‘M’ or ‘XL’ probe, as determined by the participant’s body mass index (BMI) and body habitus.
Measurements were collected in the mid-axillary line until ten valid readings were recorded. The LSM
results was deemed valid only when the IQR/median ratio was less than 0.3 and when performed prior
to HCV DAA initiation. All transient elastography was performed by three hepatology clinical nurse
consultants who had performed at least 100 supervised examinations for credentialing. The APRI and
FIB-4 scores were then determined for each prisoner. The APRI was calculated as [(AST / Upper limit
of normal of AST) x 100] / [Platelets(10°/L)] [18]. The FIB-4 score was calculated as [(age x AST) /
(platelets(10°/L) x ALTY?)] [19].

Statistical methodology and analysis

Statistical analyses were performed using STATA 12.0 (StataCorp LP, College Station, TX, USA).

Categorical data were described as number and percentage and interval data as median and IQR.

Data were used to determine the sensitivity, specificity, PPV and NPV of the APRI and FIB-4 scores to
diagnose or exclude cirrhosis using standard analytical approaches. Performance of APRI and FIB-4
were assessed against gold-standard TE assessments. Cut-offs of 1.0 and 2.0 for APRI, and 1.45 and
3.25 for FIB-4 were selected on the basis of having been previously validated in other data for the
diagnosis of cirrhosis and advanced fibrosis (METAVIR F3/4), respectively [18-20]. Two analyses for
FIB-4 at these thresholds were considered, including for advanced fibrosis (LSM >9.5kPa) (for which
this algorithm was originally validated) and for cirrhosis (>12.5kPa). The reduction in requirement for

TE was also determined should prisoners be triaged for TE using these algorithms cut-offs.

In addition to APRI and FIB-4, given the young average age of prisoner populations globally and the
slow natural history of HCV infection [24], the sensitivity, specificity, NPV and PPV of binary age
thresholds alone to predict or exclude cirrhosis were also analysed, to determine if stratifying fibrosis
assessment by age could minimise the need for TE while maintaining high NPV. The age thresholds
were determined by the data and the quartile values (25", 50" and 75%") were selected for analysis.

The cohort was then separated by these age values and we determined the predictive value of APRI
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at a cut off of 1.0 in these groups separately to contribute to new clinical pathways for fibrosis
assessment for the entire prison cohort incorporating age categories. This novel fibrosis assessment

pathway was then validated using data from an additional cohort of prisoners.
Ethics Statement

This study was approved by the St Vincent's Hospital Human Research Ethics Committee. The study
was granted a waiver of consent as all data were analysed anonymously. The study conformed to the

ethical guidelines of the 1975 Declaration of Helsinki, Good Clinical Practice Guidelines.

4.2.4 Results

Prisoner characteristics

In total, data from 1300 was assessed. Two hundred and ninety three prisoners were excluded
including 109 who were HCV PCR negative, 88 who had insufficient blood test results to calculate APRI
and/or FIB-4 (n=88), 76 who did not undergo TE (n=76) and 20 who had LSM IQR:median >0.3 (n=20)
(Figure 1). As such, 1007 were included in the analysis. Baseline characteristics are described in Table
4.1. In short, prisoners were prominently male (89%), the median age was 41 [35-47] years, HCV GT3
infection was the most common genotype (46%), and there were low rates of HBV and HIV coinfection
(1%). One hundred and twenty-four individuals (12%) were cirrhotic, as defined by TE (LSM > 12.5kPa,
n=124/1007). The median APRI score was 0.66 [0.41-1.09] and median FIB-4 score was 1.02 [0.69-
1.54] (Table 4.2). The median time between the collection of blood-based investigations and transient

elastography was 34 days [IQR 13-86 days].

Figure 4.1: Consort diagram.

1300 prisoners assessed from 01/11/2015

Prisoners excluded

HCV PCR negative (109)
ALT/AST/Plaletet not available (88)
No FibroScan result (76)

FibroScan IQR/median >0.3 (20)

1007 prisoners included in analysis

Cirrhotic = 124 Non cirrhotic = 883

APRI>1.0 =96 ‘ APRI<1.0=28 APRI>1.0 =193 ‘ APRI < 1.0 = 690
FIB4 >1.45 = 99 FIB4 <1.45 =25 FIB4 >1.45 = 182 FIB4 <1.45 = 701

Legend: HCV, hepatitis C; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IQR, interquartile

range; APRI, AST-to-platelet ratio.
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Table 4.1: Baseline characteristics of prisoners at initial assessment.

Baseline characteristics n=1007
Age, median [IQR] 41 [35-47]
BMI, median [IQR] 28.4 [25.3-32.2]
Male sex, n (%) 899 (89)
Indigenous Australian, n (%) 133 (13)

HCV viral load IU/mL, median [IQR] 757,000 [193,250-3,130,750]

HCV Genotype, n, (%)

- GTla 435 (43)

- GTib 33 (3)

- GT2 26 (3)

- GT3 466 (46)

- GT4 2 (0.5)

- GT6 8 (0.5)

- NA 37 (4)
HBsAg positive, n (%) 14 (1)
HIV Ab positive, n (%) 12 (1)
ALT, median [IQR] 81 [53-132]
AST, median [IQR] 52 [36-79]
Platelets, median [IQR] 234 [192-276]
Cirrhotic, n (%) 124 (12)

Legend: BMI, body mass index; GT, genotype; HBsAg, hepatitis B surface antigen; HIV, human
immunodeficiency virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IQR, interquartile

range.

Table 4.2: Results of cirrhosis determination using APRI, FIB-4 and elastography.

Cirrhosis determination n=1007
APRI score, n (%)
- <10 718 (71)
- 1.01-2.0 196 (19)
- >20 93 (9)
FIB-4 score, n (%)
- <145 726 (72)
- 145-3.25 236 (23)
- >3.25 45 (45)
Liver Stiffness Measurements, n (%)
- <6kPa 356 (36)
- 6-9.4kPa 435 (43)
- 9.5-12.4kPa 92 (9)
- 212.5kPa 124 (12)

Legend: APRI, AST-to-platelet ratio.



Performance of APRI or FIB-4 scores for cirrhosis in prisoners

The performance of the APRI and FIB-4 scores for cirrhosis (LSM > 12.5kPa) at previously validated
thresholds are presented in Table 4.3. An APRI score cut-off of 1.0 had a sensitivity and specificity for
cirrhosis of 77.4% and 78.1%, respectively. The NPV of APRI <1.0 to exclude cirrhosis was 96.1%. If this
cut-off was incorporated into prison fibrosis assessment protocols where only prisoners with an APRI
>1.0 were referred for TE, the need for FibroScan® would reduce by 71% (n=718/1007). The PPV at
this threshold was low (33.2%), meaning that these prisoners would still require TE for cirrhosis
confirmation. At the higher APRI cut-off of 2.0, the PPV was higher (48.4%), but resulted in lower NPV
(91.4%) and sensitivity (36.3%) — using an APRI cut-off of 2.0 alone to exclude cirrhosis would have

meant that 64% (n=79/124) cases of cirrhosis were missed (Supplementary table 4.1).

Table 4.3: Sensitivity, specificity, NPV and PPV of the APRI and FIB-4 scores to diagnose or exclude

cirrhosis (LSM>12.5kPa) represented as percentages.

Liver stiffness
measurement
All < 12.5kPa | >12.5kPa | Sensitivity | Specificity PPV NPV
prisoners | (n=883) (n=124) % % % %
(n=1007) n (%) n (%)
n (%)
For
prediction
of cirrhosis
APRI
<1.0 718 (71) 690 (78) 28 (23) 77 78 33 96
>1.0 289 (29) 193 (22) 96 (77)
£2.0 914 (91) 835 (95) 79 (64) 36 95 48 91
>2.0 93 (9) 48 (5) 45 (36)
FIB-4
<1.45 713 (71) 688 (78) 25 (20) 80 78 34 97
>1.45 294 (29) 195 (22) 99 (80)
<3.25 960 (95) 871 (99) 89 (72) 28 99 75 91
>3.25 47 (5) 12 (1) 35 (28)

Legend: APRI, AST-to-platelet ratio; NPV, negative predictive value; PPV, positive predictive value.

Similar patterns were observed using different FIB-4 cut-offs, with the lower cut-off score of 1.45
associated with a high NPV for the exclusion of cirrhosis, and a low PPV (Table 4.3). At a higher cut-off
score of 3.25, the specificity of the score was enhanced, however the sensitivity and NPV were

significantly reduced (Table 4.3).
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The performance of FIB-4 for diagnosing or excluding advanced fibrosis (LSM >9.5kPa) at previously

validated threshold was also analysed (Supplemental table 4.1).
Age thresholds for the exclusion of cirrhosis

The sensitivity, specificity, NPV and PPV of age thresholds alone for cirrhosis were determined. The
binary age thresholds selected for analysis were 35, 41 and 47 years, representing the quartile values
for the cohort. The binary variable of prisoner age <35 achieved a NPV for cirrhosis of 96.5%, due to
the low prevalence in this group (3.5%, n=9/258) (table 4.4). If no formal fibrosis assessment was
performed for prisoners aged <35, nine cases of cirrhosis would be missed, representing 1% of the
total cohort. The NPV of the age thresholds 41 and 47 years alone to exclude cirrhosis decreased to
94.7% and 91.6%, respectively, due to the increasing prevalence of cirrhosis in these age groups (Table
4.4). Furthermore, as the age threshold increased, the number of prisoner with cirrhosis who were
missed, increased. We also calculated the NPV using the combination of age and APRI (APRI cut-off
of 1.0 for prisoners aged <35 and >35 to exclude cirrhosis (Table 4.4). Amongst the age <35 years
subgroup, an APRI cut-off of 1.0 was associated with a NPV of 99.0%, however would result in 26% of
this age group requiring TE who had an APRI >1.0. In those >35 years old, the NPV of APRI 1.0 remained

satisfactory and was >95%, which could reduce the need for TE by 70% in this age group (table 4.5).

Table 4.4: Ability of age alone to diagnose or exclude cirrhosis, with TE as the reference standard.

Liver stiffness
measurement
All < 12.5kPa | > 12.5kPa | Sensitivity | Specificity PPV NPV
prisoners | (n=883) (n=124) % % % %
(n=1007) n (%) n (%)
n (%)
For
prediction
of cirrhosis
Age
<35 258 (26) 249 (28) 9(7) 92 28 26 97
>35 749 (74) | 634(72) | 115(93)
<41 528 (52) 500 (57) 28 (23) 77 57 20 95
> 41 479 (48) | 383(43) | 96(77)
<47 752 (75) 689 (78) 63 (51) 49 78 24 92
> 47 255(25) | 194(22) | 61(49)

Legend: NPV, negative predictive value; PPV, positive predictive value.
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Table 4.5: The performance of APRI in age categories < 35 and >35 to diagnose or exclude cirrhosis.

Liver stiffness measurement
All < 12.5kPa > 12.5kPa Sensitivity | Specificity | PPV NPV
prisoners (n=883) (n=124) % % % %
(n=1007) n (%) n (%)
n (%)
For
prediction
of cirrhosis
Age + APRI
<35
APRI<1.0 192 (19) 190 (21) 2(2) 78 76 11 99
APRI > 1.0 66 (7) 59 (7) 7 (6)
>35
APRI<1.0 | 526(52) 500 (57) 26 (21) 78 79 40 95
APRI>1.0 | 223(22) 134 (15) 89 (71)

Legend: APRI, AST-to-platelet ratio; NPV, negative predictive value; PPV, positive predictive value.

Finally, a novel fibrosis assessment algorithm of performing TE only in prisoners >35 years and only

when APRI >1.0 would achieve a NPV of >95% for cirrhosis and reduce the need for TE by 78% of the

entire cohort (Figure 2). The NPV for cirrhosis was sustained at 97% when this fibrosis assessment

pathway was applied to a validation cohort of 189 prisoners, 11% (n=20/189) of whom were cirrhotic,

and referral for TE would be reduced by 83% (n=156/189) (Supplemental table 4.2).

Figure 4.2: A novel clinical pathway for fibrosis assessment prior to HCV treatment in prisons. This

pathway achieves a NPV for cirrhosis of >95% in all prisoners and minimises the need for FibroScan by

78%.

HCV RNA positive
prisoners
| |

|
Commence
HCV treatment

|

|

APRI>1.0 [ Elastography

APRI <1.0

Legend: HCV, hepatitis C virus; APRI, AST-to-platelet ratio.
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4.2.5 Conclusions

HCV treatment within prisons is important for global viral elimination, however the requirement for
TE for fibrosis assessment presents barriers to efficient HCV care in custodial settings. Our data
demonstrate that the APRI and FIB-4 serum scores can be useful to stratify risk of cirrhosis in a prison
population, using validated thresholds from hospital-based cohorts. When applied to our cohort of
prisoners with HCV infection, APRI and FIB-4 thresholds of 1.0 and 1.45, respectively, were associated
with NPVs for cirrhosis in excess of 96%. The sensitivity and PPV for both algorithms, however, was
low. The data, therefore, demonstrate that the strength of these algorithms lies in the exclusion,
rather than confirmation, of cirrhosis. The NPV of binary age thresholds for excluding cirrhosis were
also investigated. The NPV of age <35 alone exceeded 96%, and could be incorporated into fibrosis
assessment protocols to improve HCV treatment throughput. The use of APRI and FIB-4 have been
prioritised by the WHO for cirrhosis determination in low- and middle-income countries due to their
availability and low cost [18]. Similarly, prison health services provide complex care to prisoners in
large numbers, including for HCV infection, yet operate under significant fiscal restrictions. Therefore,

the use of these indices to minimise cost and streamline care should be expanded.

Both APRI (threshold of 1.0) and FIB-4 (threshold 1.45) had NPVs of >96% for cirrhosis. We believe
that this NPV is such that a second test for fibrosis determination is not required. The use of these
thresholds to determine need for TE would result in a 70% reduction in the number of prisoners being
referred for TE. As such, these indices could help simplify pathways of care for HCV in prisons and
promote increased treatment capacity. While mobile FibroScan® units are available, high equipment
costs and mandatory training requirements mean that it is not feasible to have them routinely
available in many prisons. As there are significant costs and logistics associated with transporting
prisoners to tertiary hospitals or a central prison where a FibroScan® might be available, the reliance
on TE for fibrosis assessment represents a significant challenge for expanding HCV treatment coverage
in prisons. Using these algorithms to reduce the need for TE in the majority while maintaining a high
NPV is significant, as delays in facilitating this investigation are at odds with the short average duration
of incarceration, meaning some prisoners would be released without treatment. The NPV of APRI and
FIB-4 are influenced by cirrhosis prevalence, and our cohort of predominately young male prisoners is

well suited for their use.

Our data also demonstrate that age <35 years has a very high NPV for cirrhosis (96.5%), and that there
is little clinical utility in applying blood-based algorithms or TE to this population. Evaluation of liver
fibrosis in those <35 years might be restricted to people with clinical risk factors for cirrhosis, such as

multiple spider naevi. In prisoners >35 years there is a higher prevalence of cirrhosis, and in this group
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formal fibrosis evaluation is important. APRI <1.0 had a NPV for cirrhosis of >95% in prisoners >35
years, reducing the need for TE by 70% in this age group. Therefore, LSM could be reserved for those
prisoners >35 years who have APRI >1.0. Combined, this approach achieves a NPV of >95% across the
entire cohort and minimised the need for TE by 78% (Figure 2). When applied to a validation cohort,

the NPV of this approach was sustained and <20% would require referral for TE.

Despite the high NPV of the FIB-4, APRI and age < 35 to exclude cirrhosis, a small number of cirrhotic
prisoners were miscategorised. Using a FIB-4 cut off of 1.45 for TE, 2% (n=25/1007) of the overall
cohort and 20% (n=25/124) of cirrhotics were incorrectly identified as non-cirrhotic. This was similar
for an APRI threshold of 1.0 (3% miscategorised, n=28/1007). All miscategorised prisoners were Child-
Turcotte-Pugh class A and had preserved platelet counts. As such, the main implication for those
miscategorised is exclusion from HCC surveillance. Achieving cure for these prisoners however will
lead to significant reductions in their HCC risk and more broadly, non-HCC liver related morbidity and
mortality [26]. Therefore, the reduction in prison-based HCV treatment throughput if TE is required
for all prisoners must be considered. By stratifying the need for TE using fibrosis algorithms, it is
anticipated that program efficiencies would be streamlined and that a greater number of prisoners

would be treated, preventing the progression to cirrhosis and HCC in many.

The data demonstrate that the strength of APRI and FIB-4 are for excluding, rather than diagnosing
cirrhosis. The higher APRI and FIB-4 scores at thresholds of 2.0 and 3.25, which are recommended in
WHO guidelines, were analysed for their ability to diagnose cirrhosis. Whilst achieving high specificity
at these thresholds (>95% for both APRI 2.0 and FIB-4 3.25), their sensitivity was low and the majority
of prisoners with cirrhosis were not diagnosed. As such, these algorithms perform poorly when used
to diagnose cirrhosis within custodial settings and offer little clinical utility in prison HCV assessment

pathways.

There is now increased focus on how best to utilise public health platforms to achieve the WHO
elimination goals by 2030. Mathematical modelling has demonstrated to achieve this agenda, PWIDs
must be prioritised as they contribute most to incident HCV infection [4]. The effectiveness of prison-
based HCV care has now been widely described [8-10]. However, the propagation of similar programs
worldwide requires simplification of HCV assessment algorithms to reduce cost, particularly for other
countries operating within tight fiscal budgets. Our analysis demonstrates that APRI and FIB-4
maintain a high NPV for cirrhosis when used at their validated thresholds in the prison setting. Our
new algorithm incorporating age as a categorical variable and only performing non-invasive blood test
algorithms to exclude cirrhosis in those >35 years exclusively is a practical way to more aggressively

reduce the number requiring LSM while maintaining a high NPV. Such strategies will expedite HCV
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assessment and minimise costs and therefore have an important role in the prison settings in the era

of viral hepatitis elimination.
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5 Chapter 5: Prevalence of baseline HCV NS5A resistance associated
substitutions in genotype 1a, 1b and 3 infection in Australia

5.1 Introduction and Summary

It is estimated that 71 million people are living with HCV globally (240). Within a chronically infected
individual, there are a range of genetically distinct viral quasispecies on account of the poor fidelity of
the HCV RNA polymerase. Some quasispecies harbour genetic sequences, which when translated,
confer resistance to HCV DAAs including NS5A, NS5B and NS3/4A inhibitors. These are termed HCV
RAS. The prevalence of HCV NS5A are relevant as they may impact treatment outcomes following DAA
therapy when detected at baseline. Furthermore, Australian HCV guidelines do not currently
recommend HCV RAS testing at baseline and it is therefore important to understand their prevalence

to confirm the appropriateness of this recommendation (403).

The Victorian Infectious Disease Reference Laboratory (VIDRL) received funding from the National
Health and Medical Research Council of Australia to provide HCV NS5A sequencing for Australians
living with HCV infection, both at baseline and amongst those who had relapsed. All sequencing was
performed by Jacinta O’Keefe and Scott Bowden at VIDRL. This study analysed a subset of these
sequencing results and specifically included those who were verified as HCV DAA naive. We identified
that the prevalence of NS5A RAS at baseline was lower in Australia for GT1a infection and similar for
GT1b and GT3 infection when compared to international data, supporting Australia guidelines
regarding HCV RAS testing. We also compared the diagnostic yield of population-based vs next
generation sequencing and did not identify any significant benefit to utilising this technology at

baseline.
This study was published in The Journal of Clinical Virology.
Reference:

Papaluca T, O’Keefe J, Bowden S, Doyle J, Stoove M, Hellard M, Iser D, Thompson AJ. Prevalence of
baseline HCV NS5A resistance associated substitutions in genotype 1a, 1b and 3 infection in Australia.

Journal of Clinical Virology. 2019 Nov 1;120:84-7

The text in its entirety is included in this chapter. The prison version from the journal is included as an

appendix.
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5.2 Original article

Prevalence of baseline HCV NS5A resistance associated substitutions in

genotype 1a, 1b and 3 infection in Australia

T Papalucal, ) O’Keefe?, S Bowden?, JS Doyle**, M Stoove?, M Hellard*, AJ Thompson?

1, St Vincent’s Hospital and the University of Melbourne, Australia. 2, Victorian Infectious Diseases Reference Laboratory, Royal Melbourne
Hospital, at the Peter Doherty Institute for Infection and Immunity, Melbourne, Victoria, Australia. 3, Department of Infectious Diseases,

The Alfred and Monash University, Melbourne, Australia. 4, Burnet Institute, Melbourne Australia.

5.2.1 Abstract

Background:

Direct-acting antivirals (DAA) have revolutionised hepatitis C virus (HCV) treatment, and most
regimens include an NS5A inhibitor. Certain amino-acid substitutions confer resistance to NS5A
inhibitors, termed resistance-associated substitutions (RAS). If present at baseline, they can reduce
virological response rates. Population-based sequencing (PBS) is generally used for baseline
sequencing, however next generation sequencing (NGS) reduces the threshold for detection of
sequences encoding RAS from 20% to 5%. We determined the prevalence of NS5A RAS at baseline
amongst Australian chronically infected with genotype (GT)1a, GT1b and GT3 HCV, using both PBS and
NGS.

Methods:

Samples from DAA-naive individuals were received at the Victorian Infectious Disease Reference
Laboratory between June 2016 and December 2018. All samples were analysed for NS5A RAS using
PBS. A subset of GT1 HCV samples were processed using NGS technology (Vela Diagnostics, Singapore)

to determine the improvement in sensitivity.
Results:

In total, 672 samples were analysed using PBS. The baseline prevalence of NS5A RAS was 7.6% for
GT1a (n=25/329), 15.7% for GT1lb (n=8/51) and 15.1% for GT3 (n=44/292). NGS only marginally
increased sensitivity for NS5A RAS at baseline in GT1a (16% vs 17%) and GT1b (29% vs 36%).

Conclusion:

The prevalence of NS5A RAS in GT1a HCV in Australia was low compared with international data, and
was similar to other reported international prevalence for GT1b and GT3 infection. NGS at baseline
only marginally increased sensitivity for the detection of NS5A RAS in patients with GT1 HCV and

cannot be recommended for routine use at baseline in clinical practice.
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5.2.2 Introduction

It is estimated that hepatitis C virus (HCV) infection affects 71 million people globally (1). Direct-acting
antiviral (DAA) therapy targeting the NS3, NS5A and the NS5B proteins has revolutionised HCV
treatment, and cure rates exceed 90% in real world settings. Amongst those infected, the poor fidelity
of the HCV viral polymerase generates a range of genetic variants, some which result in amino-acid
polymorphisms. These can reduce viral susceptibility to DAAs and are known as resistance-associated

substitutions (RAS); they have been detected at baseline and virological relapse.

The presence of HCV NS5A RAS at baseline can affect treatment outcomes and certain NS5A RAS have
been implicated in diminished sustained virological response rates (SVR) (2-4). As such, guidelines
recommend HCV NS5A RAS testing at treatment baseline for particular regimens, including
elbasvir/grazoprevir; for this regimen, the detection of specific NS5A RAS requires extension of
treatment duration and addition of ribavirin (5). The prevalence of baseline HCV RAS varies among
geographical regions. In Australia there are limited data regarding the prevalence of baseline genotype
(GT)1a and GT1b NS5A RAS (6). Recent data has demonstrated a baseline GT1a NS5A RAS prevalence
of 11.9% in one Australian region (7), however there are no Australian prevalence data regarding
baseline HCV GT3 or GT1b NS5A RAS, nor data evaluating the utility of next generation sequencing
(NGS) at baseline.

Population-based sequencing (PBS) for detection of NS5A RAS has a threshold limit of approximately
20%. The added yield of NGS, as well as the clinical relevance of low frequency variants remains
unclear (8). In this context, we determined the frequency of NS5A RAS in DAA-naive HCV GT1a, 1b and
3 in Australia, using both PBS and NGS.

5.2.3 Objectives

We tested for NS5A RAS in a large population of DAA-naive individuals who had a baseline serum
sample sent for sequencing studies prior to DAA treatment in Victoria, Australia. We restricted analysis
to individuals infected with HCV GT1a, GT1b or GT3 infection. All subjects were tested for NS5A RAS
using PBS. A subset of participants with GT1a and GT1b HCV were also tested for NS5A RAS using NGS.

5.2.4 Study design

Clinical samples

All serum samples received at the Victorian Infectious Disease Reference Laboratory between June
2016 and December 2018 were investigated. HCV genotype was previously determined with the
Abbott RealTime genotyping Il assay or the Versant HCV Genotype 2.0 assay (Siemens Healthcare

Diagnostics, Surrey, UK). All participants were verified as DAA-naive from their medical record. RNA
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was extracted from 200 uL of patient serum and eluted to 100 pL by an automated method, using the
Abbott m2000 instrument (Abbott MolecularAbbott Park, IL) and the Sample Preparation Systemgna
kit (AbbottMolecular).

Population sequencing approach

The NS5A region (639nt) was amplified in a nested PCR using primers with Superscript Ill one-step RT-
PCR system with Platinum Taq (Invitrogen, Waltham, MA) and Tagq DNA Polymerase (Qiagen, Hilden,
Germany). Purified PCR product was sequenced using ABI-Prism 3730 Genetic Analyser (Applied
Biosystems, Life Technologies, Ltd, Paisley, UK). Using the ABI sequence analysis program SeqScape
version 2.1.1 (Applied Biosystems), a consensus sequence was generated and aligned to a stored

GenBank HCV reference sequence (Subtype 1a H77, subtype 1b Con 1, and subtype 3a HPCK3A).
Next Generation Sequencing approach

A subset of HCV GT1 samples were also tested using the NGS platform Sentosa® SQ HCV Genotyping
assay (Vela Diagnostics, Singapore). With an initial input of 530 pL of serum, RNA was isolated from
serum samples by an automated method using the Vela Diagnostics Sentosa® SX101 instrument. The
PCR amplification step was performed off-board and the plate returned to the Sentosa® SX101
instrument for normalisation, enzymatic shearing, purification, adapter ligation and library pooling.
After emulsion PCR and enrichment of the ion sphere particles, the amplicons were then subjected to
NGS on the Sentosa® SQ301 Sequencer, with the data analysed by the Sentosa® SQ Suite software.

The threshold for detection of this platform is 5%.
Definition of NS5A resistance associated substitutions

HCV NS5A RAS were defined as polymorphisms encoded by the NS5A gene associated with at least
two-fold reduced susceptibility to available NS5A inhibitors in in-vitro cell-based replicon assays (9-

11). All changes at positions 24, 28, 30, 31, 58, 92 and 93 were investigated.
Ethical considerations

This study was approved by the St Vincent’s Hospital Melbourne Human Research Ethics committee

(HREC/17/SVHM/143).
5.2.5 Results

Prevalence of NS5A RAS using PBS

In total, 672 samples were analysed. There were 329 HCV GT1la samples, and 26 NS5A RAS were
identified in 25 patient samples (7.6%, n=25/329) (Table 5.1). The most frequent GT1a NS5A RAS were
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M28V (2.7%, n=9/329) and L31M (1.9%, n=6/329). Dual NS5A RAS were identified in one sample (Table

5.1).

There were 51 HCV GT1b samples. NS5A RAS were identified in 15.7% (8/51) (Table 1). Y93H was most

frequently identified (7.8%, n=4/51), then L31M (5.9%, n=3/51) and A92T (2.0%, n=1/51).

Table 5.1: Prevalence of NS5A RAS detected via population sequencing at baseline, presented by

genotype, as frequencies and (percentages).

Frequency of baseline HCV RAS, n (%) | NS5A GT1la GT1b GT3
RAS

Samples with NS5A RAS identified 25/329 8/51 44/292

(7.6) (15.7) (15.1)

Single RASs at NS5A position:

28 M28L 1(0.3)
M28T 2 (0.6)
M28V 9(2.7)

30 A30K 15 (5.1)
A30S 4(1.4)
A30V 1(0.3)
Q30H 1(0.3)
Q30R 1(0.3)

31 L31M 6 (1.8) 3(5.9)
L31V 1(0.3)

92 A92T 1(2.0)

93 Y93H 1(0.3) 4(7.8) 18 (6.2)
YO3N 1(0.3)
Y93S 1(0.3)

Dual RAS at NS5A position

28,58 M28V, 1(0.3)
H58Q

30, 31 A30K, 2(0.7)
L31M

93, 30 Y93H, 2(0.7)
A30K
Y93H, 2(0.7)
A30T

Legend: GT, genotype; RAS, resistance-associated substitution; HCV, hepatitis C virus.

There were 292 GT3 HCV samples (subtype 3a accounts for almost all GT3 infection in Australia(12))

and 47 NS5A RAS were identified in 44 patient samples (15.1%, n=44/292)(Table 5.1). The most
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prevalent single RAS included Y93H (6.2%, n=18/292) and A30K (5.1%, n=15/292). Dual RAS were

identified in six samples (Table 5.1).

Benefit of NGS at baseline in GT1a and 1b samples

Eighty-nine GT1a and 14 GT1b samples were also analysed using NGS, of which 75 and 10 respectively

had no NS5A RAS detected by PBS. NGS confirmed that the RAS detected by PBS were the dominant

quasispecies (Table 2). NGS detected additional low frequency variants in 2/89 GT1a samples (in one

of which no RAS was detected by PBS) and 1/14 GT1b samples, Table 2).

Table 5.2: Comparison between the frequency of detection of NS5A RAS using PBS and NGS

methodologies. GT1a samples 45 and 86 and GT1b sample 9 (highlighted in blue) represent serum

samples where a single or dual NS5A RAS were identified by NGS (including the percentage of the

prevalent virus) which was not detected by PBS. GT, genotype.

Sample code Population based sequencing Next Generation sequencing
GT1a
8 M28V M28V (52.3%)
11 M28V M28V (91.1%)
15 L31M L31M (99.65%)
21 Y93H Y93H (16.4%)
36 L31M L31M (28.3%)
37 L31M L31M (99.54%)
39 M28T M28T (99.78%)
45 M28V (96.7%)
M28V

Q30R (5.6%)
50 Q30H Q30H (99.7%)
53 M28T M28T (17.0%)
62 M28V M28V (99.1%)
83 L31M L31M (45.2%)
86 No RAS detected L31M (5.4%)
87 L31M L31M (98.9%)
88 M28V M28V (66.4%)
GT1b
1 L31M L31M (79.6%)
2 L31M L31M (99.5%)
3 L31M L31M (99.1%)
9 No RAS detected Y93H (8.2%)
14 Y93H Y93H (68.3%)
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5.2.6 Discussion

This is the first Australian data describing the frequency of baseline HCV GT1b and GT3 NS5A RAS
amongst DAA-naive individuals with chronic HCV infection, and contributes to recent data regarding

HCV GT1a RAS (7).

HCV NS5A RAS were detected in 7.6% of people with GT1a HCV infection. The most prevalent GT1a
NS5A RAS were M28V and L31M. Certain baseline NS5A RAS at positions M28, Q30, L31 and Y93 are
relevant for GTla patients treated with elbasvir and grazoprevir, and pre-treatment testing is
recommended when this regimen is utilised in certain regions. Our data demonstrates a low
prevalence of these substitutions in HCV infected Australian patients. The prevalence of GT1a NS5A
RAS in this study was lower than recent Australian data and may be partly explained by the exclusion
of secondary variants such as at residue H58, when identified in isolation (7). Large international DAA
registration trials have demonstrated a higher prevalence of 11-23% in GT1a HCV (3,13,14), and 16%
in a subset from Oceania (6). Smaller overseas studies have also reported higher GT1a NS5A RAS
frequencies of 10-17% (15-17). Our lower prevalence supports Australian guidelines that baseline PBS

to detect pre-existing RAS is not indicated (18).

The frequency of RAS among GT1b and GT3 HCV was similar to other international studies. Our
analysis demonstrates baseline GT1b NS5A RAS frequency of 15.7%, similar to international data (16-
33%) (3,6,14-16,19,20). The prominent GT1b NS5A RAS identified included Y93H (7.8%) and L31M

(5.9%), concordant with other geographical regions.

The baseline frequency of GT3 NS5A RAS was similar to that in North America and Europe (12-19%)
(3,14,16,21), however lower compared to other countries in the Asian-Pacific region. This includes
China (>50%), reflecting their high prevalence of GT3b infection and likelihood of baseline dual
A30K/L31M RAS (20). Y93H was the most prevalent GT3 NS5A RAS (7.5% including where present as
a dual substitution) conferring significant resistance to all NS5A inhibitors in vitro, and reducing
virological outcomes in GT3 patients treated with sofosbuvir/velpatasvir (3). A30K was identified in
6.5% of samples, including those with dual NS5A RAS. A30K has been associated with reduced SVR12
in non-cirrhotic GT3 infected patients treated with glecaprevir/pibrentasvir for 8 weeks, a regimen
used commonly in Australia (22). Sequencing for GT1b and GT3 RAS at baseline is not currently

recommended in treatment naive individuals.

We evaluated 103 GT1 HCV samples using both NGS and PBS. The increased diagnostic yield of NGS
was low, and only a small number of additional NS5A RAS at low frequencies were identified. North
American and European guidelines designate that only RAS with a prevalence of >15% are clinically

significant (23,24), greater than the prevalence of the additional RAS identified via NGS. Given the
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overall low frequency of NS5A RAS in GT1 participants in Australia at baseline, and the minimal
improvement in sensitivity, our data suggests that NGS does not have a role in routine pre-treatment

assessment in DAA-naive patients.

In summary, amongst DAA-naive patients, baseline GTla NS5A RAS were lower compared to
international data, and comparable amongst GT1b and GT3 populations. Detection of HCV NS5A RAS
by NGS at baseline only marginally increased diagnostic sensitivity and therefore has limited clinical

applicability.
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6 Chapter 6: Retreatment with elbasvir, grazoprevir, sofosbuvir
ribavirin is effective for GT3 and GT1/4/6 HCV infection after
relapse

6.1 Introduction and summary

The introduction of DAAs has revolutionised HCV treatment. Despite excellent efficacy, with SVR12
rates exceeding 95% in clinical trials, some patients experience relapse after first-line DAA therapy
(141, 164). When relapse does occur, it is associated with the selection of HCV RAS which reduce viral
susceptibility to DAAs. Retreatment strategies should therefore include multiple agents with activity
against at least three viral targets to overcome resistance and achieve cure (374). At the time that this
study was conducted, no such therapy was licenced for use in Australia. As such, there was a need to

evaluate salvage regimens in cirrhotic patients to minimise liver-related morbidity and mortality.

Despite ELB and GZR having significantly higher EC50 in vitro for GT3 infection, recent data had
demonstrated that when combined with SOF and RBV, this regimen was highly effective for GT3
participants who were treatment naive (404, 405). We therefore postulated that this regimen would
also be effective for NS5A experienced patients with relapse, including those with GT3 infection, as
the combination provided activity against NS5A, NS5B and NS3/4 PI, and was therefore well equipped

to suppress the emergence of resistant species.

We evaluated the efficacy and safety of 12-16 weeks of SOF, ELB, GZR £+ RBV for relapsed HCV infection
following NS5A inhibitor exposure at four Melbourne-based hospitals. Our sample was significant for
high rates of cirrhosis (63%) and GT3 infection (53%). We demonstrated high efficacy for both GT3
(95%) and non-GT3 infection (100%), and treatment was in general well tolerated. There was one case
of suspected PI toxicity, without clinical decompensation, highlighting the need to carefully monitor

Pl use in those with advanced liver disease.
This study was published in Liver International.
Reference:

Papaluca T, Sinclair M, Gow P, Pianko S, Sievert W, Arachchi N, Cameron K, Bowden S, O’Keefe J, Doyle
1S, Stoove M, Hellard M, Iser D, Thompson AJ. Retreatment with elbasvir, grazoprevir, sofosbuvir +/-
ribavirin is effective for GT3 and GT1/4/6 HCV infection after relapse. Liver International. 2019

Dec;39(12):2285-90.

The text in its entirety is included in this chapter. The print version from the journal is included as an

appendix.
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6.2 Original Article

Retreatment with Elbasvir, Grazoprevir, Sofosbuvir +/- Ribavirin is effective for

GT3 and GT1/4/6 HCV infection after relapse

Timothy Papaluca?, Marie Sinclair?, Paul Gow?, Stephen Pianko?, William Sievert?, Niranjan Arachchi?,
Karla Cameron®, Scott Bowden?®, Jacinta O’Keefe®, Joseph Doyle®?, Mark Stoove’, Margaret Hellard’,

David Iser!, Alexander Thompson?

1, St Vincent’s Hospital and the University of Melbourne, Australia. 2, The Austin Hospital, Melbourne, Australia. 3, Monash Health and
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Melbourne, Australia. 6, Department of Infectious Diseases, The Alfred and Monash University, Melbourne, Australia. 7, Burnet Institute,

Melbourne Australia.

6.2.1 Abstract

Introduction:

Despite highly effective direct-acting antiviral (DAA) therapies for chronic hepatitis C virus (HCV)
infection, some patients experience virological relapse. Salvage regimens should include multiple
agents to suppress emergence of resistance-associated substitutions (RAS) and minimise treatment
failure. The combination of sofosbuvir (SOF) and elbasvir/grazoprevir (ELB/GZR) #ribavirin (RBV) is an
effective retreatment strategy for HCV genotype (GT)1 and 4 infection. We hypothesized that SOF and

ELB/GZR (xRBV) would also be an effective salvage regimen for DAA-experienced GT3 patients.
Methods:

We evaluated the efficacy and safety of SOF/ELB/GZR+RBV in DAA-experienced participants with
chronic HCV infection who had prior relapse. Participants were treated at four hospitals between
December 2016 and March 2018 for either 12- or 16-weeks. The primary endpoint was sustained

virological response at week 12 post-treatment (SVR12) using intention-to-treat analysis.
Results:

There were 40 participants included in the analysis. The mean age was 53 years, 53% had GT3, 33%
had GT1 infection, and 63% had cirrhosis. Fifty-eight percent were treated for 12 weeks, 42% were
treated for 16 weeks, and 90% received RBV. The SVR12 rate was 98% overall, 100% in non-GT3
participants and 95% in GT3 participants. One GT3 cirrhotic participant relapsed. ELB/GZR was
stopped at week 6 in one GT3 cirrhotic participant who switched to SOF/velpatasvir/RBV for a further
12 weeks and achieved SVR12. RBV dose reduction was required in two participants. Treatment was

otherwise well tolerated.
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Discussion:

The combination of SOF/ELB/GZR+RBYV is effective and safe for difficult-to-cure patients who relapse

after first-line DAA, including those with cirrhosis and GT3 infection.
6.2.2 Introduction

The introduction of highly effective and well tolerated direct acting antiviral (DAA) therapy has
revolutionised hepatitis C virus (HCV) treatment. Despite excellent cure rates which exceed 95%, some
patients experience virological relapse after treatment. Virological relapse is associated with the
selection of HCV resistance associated substitutions (RAS), which reduce viral susceptibility to
currently available DAAs (1). NS5A inhibitors are the backbone of most DAA regimens and selection of
NS5A RAS is the most common reason for DAA failure. NS5A variants can persist for many years post-
relapse (2). Variants in the NS5B region and/or NS3/4A region may also be selected with sofosbuvir
(SOF) or protease inhibitor therapy, respectively. The ideal salvage regimen should involve
combination therapy with at least two agents that are active against all the prevalent HCV
quasispecies. Triple combination therapy involving sofosbuvir (SOF), a protease inhibitor, and an NS5A

inhibitor is therefore attractive as a salvage strategy.

Elbasvir (ELB) plus grazoprevir (GZR) is licenced for treatment of HCV genotype (GT)1 and 4 infection
(3). Recent data have demonstrated that ELB/GZR in combination with SOF (% ribavirin (RBV)) is also
an effective salvage treatment for cirrhotic DAA-experienced GT1/4 patients, those genotypes for
which ELB/GZR has the greatest in-vitro and in-vivo activity (4). ELB and GZR alone have reduced
effectiveness against HCV GT3 infection, with a significantly higher ECsothan for GT1 HCV in vitro and
suboptimal SVR12 rates in clinical trials (3, 5). Despite this, ELB/GZR in combination with SOF plus RBV
was highly effective for the treatment of DAA-naive GT3 patients; in a large prospective study SVR12

rates exceeded 94% in those treated for 12 to 16 weeks, including participants with cirrhosis (6).

In this context, we hypothesized that SOF plus ELB/GZR + RBV (ELB/GZR/SOF+RBV) would be an

effective salvage regimen for DAA experienced patients, irrespective of GT or underlying cirrhosis.
6.2.3 Patients and methods

Patients

From December 2016 a special access scheme supported by Merck, Sharp and Dohme Australia
allowing access to ELB/GZR for use in combination with SOF/RBV for retreatment of patients who
were non-responders to licensed DAA therapy. SOF/RBV were prescribed via the Pharmaceutical
Benefit Scheme which reimburses the cost of HCV treatment for all Australians (7). Patients for whom

this treatment was accessed from four tertiary centres in Melbourne, Australia were consecutively
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treated with SOF 400mg daily, fixed dose combination ELB/GZR 100mg/50mg daily, with or without
RBV (600-1200mg daily) for either 12 or 16 weeks. Duration of therapy was decided on an individual

basis by the treating clinician at each participating site.

Eligibility criteria for the special access scheme included non-response following treatment with an
approved NS5A inhibitor containing DAA regimen, defined as detectable HCV RNA at week 12 post
treatment, and infection with HCV GT 1, 3, 4 or 6. All participants in this study were deemed compliant
with their initial DAA treatment regimen. Exclusion criteria for this study included: decompensated
chronic liver disease (Child Pugh Category B/C), active or suspected hepatocellular carcinoma,
contraindicated drug-drug interactions and prior liver transplantation. Cirrhosis was determined by
liver stiffness measurements using FibroScan (cut-off >12.5kPa), prior liver biopsy or radiological
and/or endoscopic evidence of portal hypertension. Portal hypertension was defined as the presence
of oesophageal varices at endoscopy or splenomegaly, intra-abdominal varices or ascites identified on

abdominal imaging.
Assessment

All participants were reviewed at baseline, treatment week 4, end-of-treatment (EOT) and 12 weeks
post-treatment at a minimum. On-treatment virological response was defined as undetectable HCV
RNA on PCR testing. The primary outcome was SVR12, defined as undetectable HCV RNA at 12 weeks

post-EQT. All cirrhotic patients were enrolled in hepatocellular carcinoma (HCC) surveillance.

The secondary outcomes were frequency of treatment and non-treatment related adverse events and
the frequency of denovo or recurrent HCC. Safety and tolerability were monitored at each clinical
review and further investigations were arranged where deemed appropriate. All adverse events,

laboratory abnormalities and treatment interruptions and/or discontinuations were recorded.

The study conformed to the ethical guidelines of the 1975 Declaration of Helsinki, Good Clinical
Practice Guidelines, and regulatory requirements. The study was approved by the St Vincent’s Hospital
Melbourne Human Research Ethics committee prior to governance review at each participating
hospital. A waiver of consent was granted by the St Vincent’s Hospital HREC and then ratified at each

participating site.
Assessment for NS5A resistance-associated substitutions

A subset of participants were investigated for sequences encoding NS5A RAS at time of relapse, prior
to treatment with the study regimen. Testing was performed at the Victorian Infectious Disease

Reference Laboratory using Sanger sequencing with a prevalence threshold for detection of 20%.

Statistical Analysis:
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Results are presented as median with interquartile range for continuous data and number
(percentage) for categorical data. Analysis was performed using Stata 15.2 for Windows, StataCorp

LLC, USA.
6.2.4 Results

Participant characteristics

Forty participants with chronic HCV infection and prior virological failure after HCV DAA therapy were
included. Baseline characteristics are displayed in Table 6.1. The sample was predominately male
(n=32, 90%), just over half had HCV GT3 infection (n=21, 53%) and majority were cirrhotic (n=25, 63%).

Of those with cirrhosis, nine (36%) had portal hypertension.

Prior treatment regimens included SOF + ledipasvir (n=15, 37%), SOF + daclatasvir (n=22, 55%), SOF +
velpatasvir (n=1, 3%), ELB/GZR (n=1, 3%) and paritaprevir/r + ombitasvir + dasabuvir (n=1, 3%).
Treatment durations are detailed in Table 6.1. All participants had completed the entire course of the
prior treatment and had detectable HCV RNA at 12 weeks post treatment completion. A mean
duration of 10 months (range 5-19 months) had elapsed between EOT of the initial regimen and
initiation of the study regimen. HCV NS5A sequencing results were available in 26/40 subjects, with

the majority having NS5A RAS detectable (Supplementary Table 6.1).
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Table 6.1: Baseline characteristics.

Baseline characteristics N =40
Age, mean, [IQR] 53 [46-60]
Male gender, n (%) 32 (80%)
ALT U/L, median, [IQR] 87 [51-124]
HCV RNA 1U/mL, median, [IQR]? 1,842,281 [303,
500-7, 548, 579]

Platelet count, median, [IQR] 188 [155-237]
Albumin, median, [IQR] 39 [36-40]
Bilirubin, median, [IQR] 15 [12-24]
INR, median, [IQR] 1.1[1.0-1.1]
HCV Genotype, n (%)

1la 11 (28%)

1b 2 (5%)

3 21 (53%)

4° 3(7%)

6 3 (7%)
PR treatment experienced, n (%) 12 (30%)
Prior HCC, n (%) 2 (5%)
Active HCC, n (%) 0 (0%)

Liver stiffness measurements of non-cirrhotic participants, n

<6 kPa 7/15
6-9.5 kPa 7/15
9.5-12.5 kPa 1/15
Cirrhotic, n (%) 25 (63%)
Child-Pugh score
A5 18/25
Ab 6/25
B7 1/25
MELD score, mean [IQR] 8 [7-10]
Portal hypertension, n, (%) 9/25 (36%)
Prior HCV treatments
Sofosbuvir/Ledipasvir 15
Sofosbuvir/Daclatasvir 22
Sofosbuvir/Velpatasvir 1
Elbasvir/Grazoprevir 1
Paritaprevir/r, Ombitasvir, Dasabuvir 1

Duration of prior treatment

8 wk 2
12 wk 20
24 wk 18

aMedian and interquartile range presented for 30 of 40 participants. 10/40 were HCV PCR positive at baseline,
however, quantitative HCV viral load testing was not performed. °GT subtyping was performed on 17 of 21 GT3

participants, who were subtype 3a. °GT subtyping was performed on two of three GT4 participants, who were
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both subtype 4h. YOne Child-Pugh B7 participant was commenced on the study regimen beyond the inclusion
criteria of the special access scheme for ELB/GZR, however, baseline hypalbuminaemia was attributed to poorly
controlled type 2 diabetes with documented proteinuria. Legend: ALT, alanine aminotransferase; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; INR, international normalised ratio; IQR, interquartile range;

MELD, model for end stage liver disease; PR, pegylated interferon and ribavirin.
HCV DAA therapy and virological response

Of the 40 participants, 23 (58%) and 17 (42%) were treated with 12 weeks and 16 weeks of
SOF/ELB/GZRtRBV respectively. Thirty-six (90%) received RBV; RBV was omitted in one GT3
participant with a history of prior RBV intolerance, and in three GT1/6 participants at the discretion of
the treating physician due to concerns about tolerance. Treatment outcomes are displayed in Figure
1. Overall, the SVR rate was 97.5% (n=39/40). The SVR rate amongst HCV GT1, 4 and 6 participants
was 100% (n=19/19), irrespective of treatment duration (12 or 16 weeks) or inclusion of RBV. Amongst
HCV GT3 participants, overall SVR rate was 95% (n=20/21), 90% (9/10) for 12 weeks of therapy and
100% (10/10) for 16 weeks. This included an SVR12 rate of 100% (5/5) in non-cirrhotic GT3

participants, and 94% (n=15/16) among cirrhotic GT3 participants.

Figure 6.1: SVR12 rates by HCV genotype and duration of therapy.

97.5% 100% 100% 90% 100%"
100
80 S
60
40 S
20 —_—
39 13 6 HoN 11
0 40 13 6 10 11
Overall GT1/4/6-12 GT1/4/6-16 GT3-12wk GT3-16wk
wk wk

*One participant stopped SOF/ELB/GZR/RBV at treatment week six because of increasing bilirubin and INR, was
immediately changes to SOF/VEL/RBV for an additional 12 weeks and achieved SVR12. Ninety percent of
participants received ribavirin, which was omitted for two GT1, one GT6 and one GT3 participant. Legend: GT,

genotype; HCV, hepatitis C virus; SVR12, sustained virologic response at post-treatment week 12.

One episode of virological relapse occurred in a HCV GT3 cirrhotic participant (Child Pugh A5, MELD
6). NS5A RAS testing at relapse was significant for the Y93H RAS. The participant was treated with 12
weeks of SOF/ELB/GZR/RBV, but had detectable HCV RNA at SVR12 time point. A second HCV GT3
cirrhotic participant with portal hypertension (Child Pugh A6, MELD 9) prescribed ELB/GZR/SOF/RBV
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for 16 weeks experienced an increase in bilirubin (30 to 50umol/L) and INR (1.3 to 1.5) at treatment-
week 6, and was immediately switched to SOF + velpatasvir + RBV for an additional 12 weeks. Bilirubin
remained stable at 40-50umol/L for the duration of RBV therapy before returning to baseline. The INR
remained stable between 1.4 - 1.5 throughout the period of evaluation. There was no rise in the ALT

or clinical decompensation event at any time. The participant went on to achieve SVR12.

One participant was commenced on ELB/GZR/SOF/RBV beyond the inclusion criteria of the ELB/GZR
special access program. The participant was Child Pugh B7 at baseline, however the baseline
hypoalbuminaemia (albumin 27g/L) was thought secondary to diabetic nephropathy and significant

proteinuria. There was no adverse event, and the participant achieved SVR12.

SVR12 rate was 100% (n=9/9) amongst participants with no HCV NS5A RAS and 94% (n=16/17) in
participants with an NS5A RAS detected at baseline. SVR12 was achieved in 92% (n=12/13) of
participants with virus with the YO3H/D/S NS5A RAS at baseline.

Hepatocellular carcinoma

No de novo or recurrent hepatocellular carcinomas (HCC) were identified during the period of

evaluation.
Adverse events

Adverse events are detailed in Table 6.2. One HCV GT3 cirrhotic participant discontinued therapy at
treatment week 6 as described. There were 25 adverse events in 19 participants. Most were RBV-
related haematological abnormalities, but also included fatigue, headache, gastrointestinal upset,
insomnia and rash and were mild in severity. Two participants required dose reduction of RBV for

management of anaemia.

Table 6.2: Adverse events

Adverse events, n (%) N =25

Haemoglobin decline

20-40 g/L 9 (23)

>40g/L 2(5)
Requiring ribavirin dose reduction 2(5)
Fatigue 5(13)
Headaches 3(8)
Gastrointestinal upset 3(8)
Insomnia 1(3)
Rash 1(3)
Treatment discontinuation 1(3)
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6.2.5 Discussion

Whilst DAA therapy cures most people with HCV, a subset of patients do not respond to first line
treatment. This hard-to-cure group is characterized by a high prevalence of HCV GT3 infection,
cirrhosis, and portal hypertension (8). Our data suggests that the combination of SOF/ELB/GZR+RBV
is highly effective for the retreatment of DAA non-responders, in both GT3 and GT1/4/6 HCV infection.
The overall SVR12 rate was 98%, and 95% amongst GT3 cirrhotic participants, similar to approved pan-

genotypic salvage regimens (9, 10).

A small study has previously reported the efficacy of this regimen for the treatment of non-responders
with GT 1/4 HCV infection (4) and the SVR12 rate was 100% (per protocol) in 25 patients. Our study is
the first description of efficacy among a group of non-responders that included with patients with GT3
HCV infection who had relapsed after treatment with an NS5A containing regimen. In our study, 38/40
patients (21 who were GT3) had relapsed following treatment with a regimen including SOF plus an
NSS5A inhibitor. Both ELB and GZR have an ECso for GT3 that is at least 10-fold greater than for GT1 (3).
In clinical trials of treatment naive patients, SVR12 rates were only 41% for HCV GT3 infected patients
treated with ELB/GZR for 12 weeks (5). In contrast, combination therapy with SOF/ELB/GZR+RBV has
been shown to be effective for treatment naive patients with GT3 HCV, including patients with
cirrhosis (6), with SVR12 rates > 90%. We now show a similar rate of SVR12 in treatment experienced
patients. Our data support synergy between SOF and ELB/GZR and effectiveness for HCV GT3. Of note,
the rate of SVR12 in our cohort is numerically higher than that reported in a cohort of participants
(including HCV GT1, GT2 and GT3 infection) who were re-treated with SOF/velpatasvir/RBV for 24

weeks following relapse after a first course of SOF/velpatasvir (n=63/69, 91%) (11).

There was one episode of virologic relapse in a HCV GT3 participant. The participant had previously
relapsed following treatment with pegylated interferon and ribavirin and subsequently
SOF/daclatasvir for 24 weeks, was cirrhotic and had virus with the Y93H NS5A RAS detectable at
retreatment baseline which is associated with high level resistance to NS5A inhibitors (12). The
participant reported good adherence to 12 weeks of SOF/ELB/GZR/RBV600 before relapsing. It is

possible that longer treatment duration for 16 weeks may have been more effective.

Combination SOF/ELB/GZR/RBV was safe. The most frequent adverse events were haematological
abnormalities associated with RBV. A dose reduction was only required in two cases. The most serious
adverse event occurred in a HCV GT3 participant with advanced cirrhosis. At TW6 the participant’s
bilirubin level had risen from 30 to 50umol/L and INR from 1.3 to 1.5. The participant was switched to
SOF/velpatasvir/RBV due to concern about protease inhibitor related hepatotoxicity. The participant’s

hyperbilirubinaemia at TW6 may be attributable to RBV-associated haemolysis, however this does not
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account for their INR prolongation. HCV NS3/4A protease inhibitors are contraindicated in Child Pugh
B/C cirrhosis, in whom accumulation may cause hepatotoxicity, and participant with Child Pugh A
cirrhosis should be closely monitored. Notably, the participant went on to achieve SVR12, suggesting
that 6 weeks of protease inhibitor exposure, with a longer tail of SOF/velpatasvir/RBV was sufficient

to eradicate virus.

Following the introduction of HCV DAAs, there was concern regarding potential increases in HCC
incidence and recurrence with antiviral therapy (14). More recent data suggests this correlation is
unlikely (15). In the Revenge study, a comparable population with HCV GT1/4 infection was treated
with SOF/ELB/GZR/RBV, in which 19% (5/26) of the participants developed HCCs during the period of
evaluation (4). The authors attributed this to the study populations advanced age, duration of HCV
infection and high prevalence of cirrhosis, rather than to the study regimen. This is supported by our

data where no recurrent or de novo HCCs were identified during the period of evaluation.

Two DAA regimens have recently been approved by the Federal Drug Administration and European
Medicines Agency for the treatment of DAA non-responders. These include the combination of
SOF/velpatasvir/voxilaprevir, approved for the treatment of all HCV genotypes, and
glecaprevir/pibrentasvir, approved for retreatment of people with GT1 HCV previously treated with a
regimen including either (but not both) an NS5A inhibitor or an NS3/4A protease inhibitor; and non-
GT1 HCV who have previously been treated with SOF/PR. Whilst these regimens are licensed in the
US and some countries in Western Europe, they are not yet available in all regions due to licencing or
funding restrictions. Our data supports the combination of SOF/ELB/GZR+RBV as a second pan-
genotypic re-treatment option, combining drugs which are currently licensed and available in most
regions. The role of the different re-treatment options is likely to vary between regions according to

cost and drug availability.

Study limitations include an inability to define the optimal duration for SOF/ELB/GZR+RBV and the
role of RBV, particularly for HCV GT3 participants, for which prospective randomised studies are
required. Until such time, we recommend treating GT3 infected patients for 16 weeks in combination

with RBV, where possible.

In conclusion, the combination of SOF/ELB/GZR+RBV was safe and effective salvage treatment for
patients who had not responded to a previous NS5A-containing DAA therapy. It was effective for the
treatment of hard-to-cure GT3 as well as GT1/4/6 HCV infection. The DAAs in this regimen are
currently available in many regions, and represent another option for treating patients who do not
respond to a first course of DAA therapy, with the aim of stopping the progression of liver disease and

reducing HCV-related morbidity and mortality.
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7 Chapter 7: Efficacy and safety of
sofosbuvir/velpatasvir/voxilaprevir for HCV NS5A-inhibitor
experienced patients with difficult to cure characteristics

7.1 Introduction and Summary

DAA therapy has revolutionised HCV treatment, and cure rates are greater than 95% in clinical trials
(141, 164). There are, however, some patients who fail to achieve cure after first line DAA therapy.
The combination of SOF/VEL/VOX includes three agents with activity against the NS5B, NS5A and NS3
proteins, respectively, and is now licenced for the management of HCV NS5A-experienced patients
who have relapsed (374). At the time of this study, however, this regimen was not licenced or

reimbursed for use in Australia.

The POLARIS-1 registration trial demonstrated excellent efficacy of combination SOF/VEL/VOX with
cure rates exceeding 95%, which were sustained across all genotypes and fibrosis stage (374). Multiple
real-world data however subsequently identified signals of reduced efficacy in those with GT3
infection, HCC and cirrhosis (375-377). In 2018, Gilead Sciences established an early access program
making SOF/VEL/VOX available for Australians with relapsed HCV infection and advanced disease,
including cirrhosis with PHT and prior LT. As such this population was well suited to investigating the
signals of reduced efficacy identified in other real-world cohorts, while scrutinizing the safety of Pl

usage in those with advanced disease.

We therefore evaluated the safety and efficacy of SOF/VEL/VOX in a large cohort of patients with
difficult to cure characteristics from 27 Australian hospitals. SVR12 rates overall were 90% and were
sustained in those with GT3 infection (89%) and with cirrhosis (90%). We also noted that those with
prior decompensation who had achieved recompensation during their initial DAA treatment tolerated
therapy well and achieved cure, making this a reasonable treatment option for highly selected
patients. There were, however, three episodes of hepatic decompensation events which further

highlight the caution needed when using Pls in those with advanced disease.
This study has been accepted for publication in Clinical Infectious Diseases.
Reference:

Papaluca T, Roberts S, Strasser S, Stuart K, Farrell G, MacQuillan G et al. Efficacy and safety of
sofosbuvir/velpatasvir/voxilaprevir for HCV NS5A-inhibitor experienced patients with difficult to cure

characteristics. Clinical Infectious Diseases. 2020 September 5.

The text in its entirety is included in this chapter.
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7.2.1 Abstract

Background:

In clinical trials, HCV salvage treatment with Sofosbuvir/Velpatasvir/Voxilaprevir (SOF/VEL/VOX)
achieved an SVR12 rate of >95% in NS5A-experienced participants. Lower SVR12 rates have been
reported in real-world studies, particularly for genotype (GT)3 infection and cirrhosis. We determined

the efficacy and safety of SOF/VEL/VOX in a large real-world cohort.
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Methods:

We assessed the efficacy of salvage SOF/VEL/VOX for HCV infection in NS5A-inhibitor experienced
participants with cirrhosis and portal hypertension, prior liver transplantation (LT) or severe extra-
hepatic manifestations. SOF/VEL/VOX was available via an early access program. The primary outcome

was SVR12. Secondary outcome was frequency of adverse events (AE).
Findings:

Ninety-seven participants were included. Median age was 58, 82% were male, 78% had cirrhosis, most
with portal hypertension (61%, n=46/76), and 18% had prior-LT. Of the cirrhotic participants, 96%
were Child-Turcotte-Pugh class A and 4% were class B. Of the 72% with GT3, 76% were also cirrhotic.
By intention-to-treat analysis, SVR12 rate was 85% (n=82/97). Per protocol, the SVR12 rate was 90%,
including 91% in GT1 (GT1a n=18/18, GT1b n=2/4), 89% in GT3 (n=59/66) and 100% in GT6 (n=3/3).
SVR12 in participants with GT3 and cirrhosis was 90%. No predictors of non-SVR12 were identified.
There were four serious AEs including one death and three hepatic decompensation events. NS5A

resistance-associated substitutions detected at baseline did not affect SVR12.
Conclusion:

This real-world study confirms high efficacy of SOF/VEL/VOX for the treatment of difficult-to-cure
NS5A-inhibitor experienced patients, including those with GT3 and cirrhosis. Treatment was well

tolerated in most however serious AEs can occur in those with advanced liver disease.
7.2.2 Introduction

Hepatitis C virus (HCV) infection affects approximately 71 million people worldwide, and contributes
significantly to liver related morbidity and mortality [1,2]. Direct acting antiviral (DAA) therapy has
revolutionized HCV treatment, with cure rates exceeding 95% in registration trials [3-5]. Some
patients, however, do not respond to their initial DAA therapy, more commonly those with HCV
genotype (GT)3 infection and with cirrhosis [6,7]. Virological failure is associated with the selection of
HCV resistance associated substitutions (RAS) and ideal retreatment regimens should target the NS5A,

NS5B and NS3 proteins [8,9].

The efficacy of sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX) for relapsed HCV infection
following treatment with an NS5A-inhibitor (NS5Ai) containing DAA regimen has been investigated in
multiple clinical trials [10]. In the POLARIS-1 registration trial, NS5A-experienced participants treated
with SOF/VEL/VOX achieved a sustained virological response 12 weeks after end of treatment (SVR12)
rate of 96%. Several real-world studies have subsequently suggested reduced efficacy in those with

cirrhosis, prior SOF/VEL exposure and HCV GT3 infection [11-14]. This included a SVR12 rate of 69%
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amongst the small number of participants with both HCV GT3 infection and cirrhosis in one Spanish
cohort [11]. In most studies, a minority of participants had cirrhosis (35-41%) and only one included
those with prior liver transplantation (LT), where complex drug-drug interactions must be considered

[11-13].

In both registration and real-world trials, treatment with SOF/VEL/VOX was generally well tolerated
and adverse events (AE) were limited. It is important to note that NS3/4A Pls are not recommended
in Child-Turcotte-Pugh (CTP) B/C cirrhosis due to concerns about hepatotoxicity related to higher VOX
drug exposures. The FDA has also recently cautioned practitioners to closely monitor patients with
compensated cirrhosis during treatment with a HCV protease inhibitor (PI) due to the potential for
hepatic decompensation, particularly in the setting of portal hypertension (PHT), hepatocellular
carcinoma (HCC), or alcohol misuse [15]. As SOF/VEL/VOX is increasingly used as salvage treatment in
patients with advanced disease to avoid LT, it is important that these risks are further explored and
validated in real-world settings [16,17]. In this study, we have evaluated the efficacy and safety of

SOF/VEL/VOX in a difficult to cure population with advanced liver disease or prior-LT.
7.2.3 Methods

This was a retrospective, nationwide study to evaluate the efficacy and safety of SOF/VEL/VOX for
relapsed HCV infection amongst participants with advanced liver disease or LT, treated in 27 Australian
centres. All participants were treated with fixed dose SOF 400mg, VEL 100mg and VOX 100mg for 12
weeks available via an early access program (EAP) supported by Gilead Sciences. The EAP permitted
access to SOF/VEL/VOX before reimbursement on the national prescription drug scheme. As such, at
this time, this regimen was only available to Australians via this EAP, where specific eligibility criteria
were satisfied. Eligibility criteria for the EAP were: i) age greater than 18 years; ii) chronic HCV infection
GT1-6; iii) prior treatment failure on a NS5A-inhibitor DAA containing regimen; iv) compensated liver
disease with at least one of a) CTP class A cirrhosis and clinically significant portal hypertension
(hepatic venous portal gradient (HVPG) >10mmHg or the presence of varices (radiologically /
endoscopically) or platelets <100 x 10°/L, b) prior-LT, or c) severe extrahepatic manifestations; and v)
eGFR >30mL/min/1.73m?. Exclusion criteria for the EAP included i) hepatic decompensation (CTP class
B/C), ii) contraindication or known hypersensitivity to the active substances or to any other
component of the tablets and iii) concomitant prescription of rifampicin and/or rosuvastatin.
Participants with HIV and/or hepatitis B virus (HBV) coinfection were eligible for inclusion.

Combination therapy with ribavirin was permitted.

Australian hospitals with two or more participants treated via the Gilead Sciences EAP were invited to

participate in this study. The primary outcome was the frequency of participants achieving SVR12,
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defined as the absence of detectable HCV RNA at least 12 weeks after end-of-treatment (EOT). The
secondary outcome was frequency of treatment related adverse events (AE). Participants were

followed until the SVR12 time point.
Assessments

Participant data were collected at baseline, EOT, and SVR12 timepoints with SOF/VEL/VOX, as well as
details of prior HCV treatments. Cirrhosis status was defined as transient elastography score >12.5kPa,
prior liver biopsy demonstrating METAVIR fibrosis score 4 or clinical/radiological evidence of cirrhosis.
Clinical evidence of cirrhosis included signs of cirrhosis and baseline platelet count of <100x10°. PHT
was defined by the presence of intra-abdominal and/or oesophageal varices, splenomegaly or ascites.
CTP scores were recorded at all timepoints. Laboratory investigations recorded included full blood
count, renal and liver biochemical tests, HCV RNA, HCV genotype, HIV and HBV serology. The presence
of HCV NS5A RAS were investigated in a subset of participants where serum was available, utilising
Sanger sequencing with a threshold limit of 20% for variant detection. HCV NS5A RAS were defined as
polymorphisms encoded by the NS5A gene associated with at least two-fold reduced susceptibility to
a registered NS5A inhibitor. Virological breakthrough (VBT) was defined as detectable HCV RNA on

PCR testing at the EOT timepoint.

Adverse events (AE) related to treatment with SOF/VEL/VOX were recorded until the SVR12 timepoint.
Serious AEs were particularly scrutinised including hepatic decompensation, and AEs leading to

hospitalisation, treatment discontinuation and death.
Ethical considerations

The study conformed to the ethical guidelines of the 1975 Declaration of Helsinki, Good Clinical
Practice Guidelines, and regulatory requirements. The study was approved by the Human Research

Ethics Committee at St Vincent’s Hospital Melbourne.
Statistical analysis

Statistical analysis was performed using STATA 12.0 (StataCorp LP, TX, USA). Normally-distributed
continuous data were analysed with the Student t test, whilst non-normally distributed data was
analysed using the Mann-Whitney U test. Categorical data were described as number and percentage
and were analysed using chi-square or Fisher’s exact test, as appropriate. Variables associated with
SVR12 were investigated using appropriate univariable statistical tests after considering distribution

of data. A p value of <0.05 was deemed statistically significant.
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7.2.4 Results

Patient population

From June 2018 to March 2019, 97 patients were commenced on SOF/VEL/VOX across 27 Australian
hospitals. Baseline characteristics are described in Table 7.1. In brief, the cohort was predominantly
male (82%), the median age was 58 years, and the most common genotype was HCV GT3 (72%). Most
the cohort were cirrhotic (78%) or had previously undergone LT (18%). Of the cirrhotic participants,
50% were CTPAS, and 46% were CTPA6. Three participants were included with CTP class B7 (n=1) and
B8 (n=2) as protocol deviations by the treating clinicians; none of these three participants were felt to
be LT candidates. 61% of the cirrhotic participants had PHT. HIV (n=2) and HBV (n=3) coinfection were
uncommon. A prior history of HCC was present in 19% (n=18), six of whom had undergone LT. There
were no participants with HCC at baseline. SOF/VEL/VOX was prescribed with ribavirin (600-1200mg

daily) for three participants.

Table 7.1: Baseline characteristics of participants commencing SOF/VEL/VOX.

Baseline Characteristics N =97
Age, median [IQR] 58 [63-64]
Male sex, n (%) 80 (82)
HCV viral load IU/mL, median, [IQR] (75/97) 654 000

[160 000-2 870 000]
HCV genotype, n (%)

- Genotype 1a 19 (20)

- Genotype 1b 4 (4)

- Genotype 3 70 (72)

- Genotype 4 1(1)

- Genotype 6 3(3)
ALT, U/mL, median [IQR] 85 [48-170]
Albumin, g/L, median [IQR] 37 [33-40]
Bilirubin, umol/L, median [IQR] 14 [10-21]
Platelet count, median [IQR] 125 [90-178]
INR, median [IQR] 1.1[1-1.2]
HIV infection, n (%) 2(2)
HBV serology, n (%)

HBsAg + 3(3)
HBcAb + 29 (30)
Cirrhosis, n (%) 76 (78)

CPAbS 38/76 (50)

CPAB 35/76 (46)

CPB7 1/76 (1)

CPB8 2/76 (3)
Cirrhosis with portal hypertension, n (%) @ 46/76 (61)
Post liver transplantation, n (%) 17 (18)
Noncirrhotic, n (%) 4 (4)
Prior hepatocellular carcinoma n (%) 18 (19)
Pegylated interferon =+ ribavirin + protease 24 (25)

inhibitor experienced, n (%)
2+ DAA treatments prior to SOF/VEL/NVOX, n (%) 15 (15)
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@ Portal hypertension defined as the presence of intra-abdominal and/or gastroesophageal varices,
splenomegaly, or ascites. Legend: ALT; alanine aminotransferase; DAA, direct-acting antivirals; HBV, hepatitis B
virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; INR, international normalised ratio; IQR,
interquartile range; SOF/VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir.

Prior HCV treatment experience

All participants were HCV NS5Ai treatment experienced. The most recent HCV DAA treatments
prescribed prior to SOF/VEL/VOX are detailed in 7.2. The most frequent common NS5Ai were
daclatasvir (DCV, 56%), VEL (20%), and ledipasvir (LDV, 15%). 15% of participants (n=15) had received
more than one NS5Ai-based treatment (range 1-4). Three participants were treated with an NS5Ai
containing ‘lead-in’ DAA regimen immediately prior to commencing SOF/VEL/VOX to optimise liver
function, including one who was downgraded from CTP class B to A during this treatment. Four other
participants had a history of prior hepatic decompensation that had recompensated during their
preceding first-line DAA treatment. 25% of participants had been treated with pegylated IFN-a +

ribavirin with or without a first-generation Pls prior to their first all-oral DAA treatment course.

Table 7.2: Most recent DAA regimen prescribed prior to SOF/VEL/VOX.

Prior DAA course N =97
Sofosbuvir + daclatasvir + ribavirin, n (%) 54 (56)
Sofosbuvir + velpatasvir + ribavirin, n (%) 19 (20)
Sofosbuvir + ledipasvir + ribavirin, n (%) 15 (15)
Elbasvir + grazoprevir, n (%) 3(3)
Paritaprevir + ritonavir + ombitasvir + dasabuvir + ribavirin, n (%) 2 (2)
Sofosbuvir + elbasvir + grazoprevir + ribavirin, n (%) 2(2)
Uprifosbuvir + ruzasvir, n (%) 2 (2)

Legend: DAA, direct-acting antiviral; SOF/VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir.

Efficacy

By intention to treat, 82 (85%) of the 97 participants commenced on SOF/VEL/VOX achieved SVR12,
and SVR12 rates were 95% (n=18/19) for GT1a, 50% (n=2/4) for GT1b, 84% (n=59/70) for GT3, 0%
(n=0/1) for GT4, and 100% (n=3/3) for GT6 infection. Three participants discontinued treatment due
to AEs during treatment week (TW) one, two participants were lost to follow up after EOT and one
participant died while receiving treatment. Of these six participants, four had GT3 infection. As such,
complete data was available for per protocol analysis for 91 participants. Therefore, the per protocol
SVR12 rate was 90% (n=82/91, Figure 1). Two participants had VBT at EOT, and seven relapsed. Per
protocol, the SVR12 rate for participants with GT1a infection was 100% (n=18/18), 50% (n=2/4) for
GT1b, 89% (n=59/66) for GT3, and 100% (n=3/3) for GT6. The SVR12 rate was 90% (n=64/71) for
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cirrhotic participants, 88% (n=14/16) amongst those who were post-LT and 100% (n=4/4) in non-
cirrhotic, non-LT participants. SVR12 was achieved in 90% (n=77/86) of participants previously treated
with SOF+NS5Ai, and 100% amongst those previously treated with other combination regimens

(n=5/5, Table 7.2).

Figure 7.1: SVR12 rates by genotype and cirrhosis status.
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*GT1a SVR12 100% (n=18/18) and GT1b SVR12 50% (n=2/4). Legend: LT, liver transplantation; GT, genotype;
SOF/VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir.

Non-SVR participants

Nine participants had detectable HCV RNA at the SVR12 timepoint (Table 7.3). All nine participants
reported adherence above 80%. Of the two participants with VBT, both had previously experienced
VBT during their prior treatment with SOF + VEL. The remaining seven participants relapsed. Of the
treatment failures, seven were cirrhotic, five of whom had PHT, and two were post-LT. Seven had HCV
GT3 and two had HCV GT1b infection. HBV co-infection was present in one. HCV NS5A RAS testing was
available for four non-SVR12 participants at baseline, in whom all had the Y93H RAS detected. One
participant was diagnosed with de novo HCC at EOT. Two participants were treated with SOF/VEL/VOX
following the recent diagnosis of non-Hodgkin lymphoma. Prior malabsorptive bariatric surgery was
considered contributory to treatment failure in one participant. One participant was prescribed a
proton-pump inhibitor with SOF/VEL/VOX but no other concomitant medications were recorded that
may have caused significant drug-drug interactions (DDI). No clinical or virological characteristics were

associated with likelihood of SVR12 on univariate analysis (Table 7.4).
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Table 7.3: Characteristics of non-SVR12 participants.

Characteristic #1 #2 #3 #4 #5 #6 #7 #8 #9

Sex M F M M M M M M M

Age 64 51 57 62 66 50 46 64 62
Cirrhosis status F4 F4 Post LT (no cirrhosis) Post LT (no cirrhosis) F4 F4 F4 F4 F4
Relapse vs VBT Relapse Relapse Relapse VBT VBT Relapse Relapse Relapse Relapse
HCV GT 1b 1b 8 8 S 8 8 g 3

ALT 103 64 50 126 10 91 73 305 82
Albumin 37 36 44 32 42 38 35 33 37
Platelets 151 125 106 177 n7 216 60 131 73
Bilirubin 14 30 8 7 14 12 26 13 21
Portal hypertension® Y N N Y N Y Y Y

CTP score 5 5 5~ 5~ 5 5 6 6 5

HIV / HBV coinfection HBV N N N N N N N N
Ribavirin N N N N N N N N N
NS5A RAS at baseline YO3H  NA NA NA Y93H L311 Y93H NA NA Y93H
Prior treatment PrOD  SOF/LDV SOF/DCV SOF /DCV SOF /DCV SOF /DCV SOF/DCV SOF/DCV SOF /VEL
Prior VBT N N N Y Y N Y N N

HCC at SVR12 N N N N N N N Y N
Non-HCC malignancy N NHL* N N NHL* N N N N

DDI PPI

Other cofactors

Malabsorptive bariatric surgery

3Portal hypertension defined as the detection of intra-abdominal and/or gastroesophageal varices,

splenomegaly, or ascites radiologically and/or endoscopically. "Non-cirrhotic participants post LT. Legend: DAA,

direct-acting antiviral; DCV, daclatasvir; DDI, drug-drug interactions; HBV, hepatitis B virus; HCC, hepatocellular

carcinoma; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ombitasvir/dasabuvir; SOF, sofosbuvir; VBT, virological

breakthrough; VEL, velpatasvir; NHL, non-Hodgkin’s lymphoma; LT, liver transplantation.

HCV NS5A RAS testing

HCV NS5A RAS testing results were available for 54 (56%) participants. Overall, 91% had detectable

NS5A RAS at baseline (n=49/54). Of those with detectable HCV NS5A RAS, 84% (n=41/49) had a single

NS5A RAS, and 16% (n=8/49) had dual mutations identified (Table 7.5). The most frequent NS5A RAS

was Y93H which was detected in 84% of positive samples. On per-protocol analysis, the presence of

baseline HCV NS5A RAS was not associated with treatment failure (SVR12 94% vs 100%, p>0.05), nor

was the presence of the Y93H RAS specifically (SVR 90% vs 100%, p=0.56).

Table 7.5: Baseline NS5A resistance associated substitutions (RAS), available for a subset of patients.

Baseline NSBA RAS

N =54

No NS5A RAS detected
NS5A RAS detected

Single NS5A RAS detected

Y93H
A30K

L3TMN

Dual NS5A RAS detected
Y93H / A30K/H
A30K/L31M
L31M/I / H58P
YO3H /L31M

5(9)

49 (91)

37/49 (76)

2/49 (4)
2/49 (4)
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Table 7.4 Univariate analysis of factors associated with SVR12.

Variable SVR12 (n =82/91) P value

Sex .54
Male 68/76 (89%)
Female 14/15 (93%)

Age (years) 575 .86
> 65 9/10 (90%)
<65 73/81 (90%)

Non-LT .63
Cirrhosis 64/71 (90%)
No cirrhosis? 4/4 (100%)

Prior LT .66
No 68/75 (91 %)
Yes 14/16 (88%)

HCV viral load, IU/mL (n = 70) .25
> 800 000 29/34 (85)
< 800 000 34/36 (94)

HCV genotype 71
GT3 infection 59/66 (89%)
Non-GT3 23/25 (92%)

Baseline CTP score .93
Ab 31/36 (86%)
AB 29/32 (91%)
B7 1/1 (100%)
B8 2/2 (100%)

Portal hypertensionb 27
No 41/45 (91%)
Yyes 41/46 (89%)

Albumin 73
> 35 50/56 (89%)
<35 32/35 (91%)

Platelet count .86
Pl > 150 25/28 (89%)
Pl <150 57/63 (90%)

HCC, de novo / recurrent 27
No 80/88 (91%)
Yes 2/3 (66%)

HCV NS5A (n = 50) 1.0
RAS present 44/47 (94%)
No RAS 3/3 (100%)

>1 prior NSbA-containing DAA course .59
No 70/78 (90%)
Yes 13/13 (100%)

Prior peginterferon/ribavirin .68

No
Yes

63/69 (91%)
19/22 (86 %)

Excluding non-cirrhotic participants with prior LT. °PHT defined as the presence of intra-abdominal and/or
gastroesophageal varices, splenomegaly or ascites. Legend: HCC, hepatocellular carcinoma; LT, liver
transplantation; HCV, hepatitis C virus; GT, genotype; CTP, Child Pugh Turcotte; RAS, resistance associated

substitution; DAA, direct-acting antiviral.
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Safety

In most cases, treatment was well tolerated, however AEs that led to treatment discontinuation and
hepatic decompensation were observed in a minority (Table 7.6). SOF/VEL/VOX was discontinued
during TW1 in three participants — two developed severe abdominal pain, and one individual’s eGFR
declined from 48 to 17mL/min/m?2. There were three episodes of hepatic decompensation on
treatment. Amongst the 18 participants with prior HCC (six of whom had undergone LT), one had
recurrent HCC identified between EOT and SVR12 and one discontinued therapy during TW1 due to

abdominal pain, but otherwise no AEs were recorded in this group.

The first participant who developed hepatic decompensation on-treatment had CTP class A5 cirrhosis
with PHT at baseline secondary to HCV and prior alcohol misuse, with no history of hepatic
decompensation. They did not attend review appointments whilst on treatment but presented at
week one post-EOT with new ascites, bilirubin 119 umol/L and INR 1-5, thought to be treatment
related. This participant did not consume alcohol whilst receiving SOF/VEL/VOX. Alternate causes of
hepatic decompensation were excluded. This participant subsequently had gastric variceal
haemorrhage at week five post EOT. SVR12 was achieved, however they had persistent ascites and
were assessed for LT. The second participant was CTP class A6 with PHT, with no prior episodes of liver
decompensation, at baseline. This participant, who had a second diagnosis of autoimmune
thrombocytopaenia thought to be related to HCV, developed new grade 3 ascites and presumed
encephalopathy at TW3 which was attributed to SOF/VEL/VOX. The participant was
immunosuppressed and sepsis was considered as a secondary cause of decompensation, although
bacterial cultures were negative. Treatment with SOF/VEL/VOX was continued with weekly review. At
week six post EOT, the participant recompensated and diuretic and lactulose therapy were withdrawn.
SVR12 was achieved. A third participant, who was CTP class A6 at baseline, presented at TW5 with
oesophageal variceal haemorrhage attributed by their clinician to significant recidivist alcohol
consumption. Variceal surveillance was up-to-date prior to treatment. Bleeding was controlled
endoscopically, however the participant developed progressive hepatic decompensation and died two
weeks later. At end of follow up, one recurrent and two de novo HCCs were identified which were

detected between EOT and SVR12 timepoints. HCC surveillance was up to date in all three at baseline.

The three participants who were CTP class B at baseline tolerated treatment well and no AEs were
reported, and their aggregate CTP scores were unchanged between baseline and SVR12 timepoints.
The five participants that were CTP class A at baseline, but who had had prior clinical decompensation,
and a further two treated with an immediate ‘lead-in’ regimen of SOF + NS5A-inhibitor also tolerated
SOF/VEL/VOX well and no AEs were recorded. Amongst participants with LT, there was no adverse

effects on graft function or DDIs recorded.
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Table 7.6: Twenty adverse events reported in 15 patients.

Adverse events, n (%) N =97

Treatment related

Nausea 4 (4)
Fatigue 3(3)
Abdominal pain 2(2)
Diarrhea 2(2)
Headache 1(1)
Vertigo 1(1)
Weight gain 1(1)
Mood disturbance 1(1)
Serious adverse events
Hepatic decompensation 3(3)
Death 1(1)
Deteriorating renal function 1(1)

Leading to discontinuation of treatment

Treatment related
Abdominal pain 2(2)
Deteriorating renal function 1(1)

7.2.5 Discussion

This is the first Australian real-world study to investigate the efficacy and safety of SOF/VEL/VOX
amongst participants with relapsed HCV infection following treatment with an NS5Ai-containing DAA
regimen, and advanced liver disease or LT. Whilst the per protocol SVR12 rate of 90% was lower than
top-line results in the registration trial, our sample was notable for “difficult-to-cure” characteristics

including cirrhosis, PHT and HCV GT3 infection.

The cohort is unique in its complexity including a high prevalence of cirrhosis (78%), the majority with
PHT (61%, n=46/76), which was notably higher than in POLARIS-1 and other SOF/VEL/VOX real-world
studies (prevalence of cirrhosis 34-46%) [10-13]. The majority of participants also had HCV GT3
infection, which has been associated with increased likelihood of relapse after SOF/VEL/VOX in some
real-world data, and approximately one fifth had prior HCC [11]. It is the largest real world study of
relapsed patients with GT3 HCV. Our cohort also included the largest number of LT recipients outside
of registrations trials, demonstrating that LT recipients can be safely treated and potential DDI
appropriately managed. As expected, where virological testing was available, there was a high
prevalence of HCV NS5A RAS at baseline (90%, n=49/54), and 15% had previously failed multiple
NS5Ai-containing DAA regimens, in some cases up to four. Despite these difficult-to-cure

characteristics, we show that 12 weeks SOF/VEL/VOX can achieve high rates of cure in clinical practice.

Our analysis did not identify any association between treatment outcomes and HCV genotype. The

SVR12 rate was 89% among patients with GT3 HCV. This SVR12 proportion is similar to that observed
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in POLARIS-1, both in participants with GT3 HCV infection and cirrhosis, and in the overall cirrhotic
population [10]. The rate of SVR12 observed in our GT3 patients is higher than that described by
Llaneras and colleagues in Spain, who observed SVR12 rates of 80% (n=24/30) in GT3 infection and
69% (n=9/13) among GT3 cirrhotics, and from Degasperi and colleagues in Italy (SVR12 84%, (n=16/19)
among GT3 cirrhotics) [11,13]. The SVR12 data in our cohort are more similar to those with GT3
cirrhosis reported by Belperio in a Veteran’s Affairs cohort (SVR12 = 91%, n = 21/23) [12]. The reasons
for the differences between SVR12 rates reported in these respective cohorts is not clear, but our data
provides reassuring evidence that in a large real-world cohort of patients with GT3 cirrhosis and

advanced disease, SVR12 rates remain high.

The high prevalence of participants with GT3 infection in this cohort, most of whom were cirrhotic,
was notable. The community prevalence of GT3 HCV infection is approximately 39% in Australia [19].
The frequency of GT3 infection in our cohort exceeded 70%, consistent with GT3 remaining harder to
cure than non-GT3 HCV after first-line DAA regimens, particularly in patients with cirrhosis (5). Most
GT3 participants in our study were previously treated with SOF+DCV or SOF+VEL. GLE+PIB was not
available in Australia at the time this study was conducted. European guidelines no longer recommend
12 weeks SOF+VEL as a first line treatment for GT3 infection and cirrhosis due to suboptimal outcomes
in this group [18]. The high prevalence of GT3 in our study cohort highlight the importance of
optimising first-line DAA therapy for patients with GT3 infection and cirrhosis to minimise relapse and

the need for salvage treatment.

Overall safety of SOF/VEL/VOX was acceptable however there were three episodes of hepatic
decompensation in previously well compensated CTP class A participants during treatment. As salvage
triple therapy including Pls are increasingly prescribed to patients with advanced disease, the data
highlight the need for regular clinical review and laboratory investigations to monitor for PI toxicity
for at-risk patients during treatment. When toxicity is detected, treatment should be immediately
discontinued. Where patients are LT candidates, we recommend review by a transplant board prior

to commencing treatment.

Three participants with CTP class B disease were commenced on SOF/VEL/VOX, beyond the EAP
criteria. Whilst no hepatic toxicity was noted in these cases, the use of NS3/4A Pl in patients with CTP
class B/C cirrhosis cannot be recommended. There were five other participants who were down-
staged to CTP class A severity from CTP class B/C during prior treatment with SOF + NS5A (VEL/DCV),
which was prescribed as a ‘lead-in’ regimen immediately prior to SOF/VEL/VOX in one; all tolerated
treatment well with close monitoring. In patients who are not candidates for LT, we believe the lead-
in strategy regimen of SOF + NS5Ai to optimise liver function and downstage to CTP class A, prior to

introducing VOX, warrants prospective evaluation given our positive experience.
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Baseline RAS testing was available for 54 participants and the presence of NS5A RAS was not
associated with treatment failure. This is in keeping with results of a post-hoc analysis of SOF/VEL/VOX
registration data demonstrating that multitargeted combination therapy can overcome baseline
resistance quasispecies [20]. There is therefore a limited role for HCV NS5A sequencing in routine

clinical management of these patients.

Second-line salvage therapies for the small number of patients who fail SOF/VEL/VOX are not well
defined. As extension of treatment duration and regimen intensification with ribavirin was shown to
improve SVR12 rates amongst DAA-experienced patients prior to the registration of relapse regimens
including triple DAA therapy, we believe that both 24 weeks SOF/VEL/VOX=ribavirin or 16 weeks
SOF+GLE/PIB+ribavirin present reasonable retreatment strategies for SOF/VEL/VOX failures [21].
Whilst ribavirin was included with SOF/VEL/VOX for three participants with GT3 and cirrhosis in our

cohort, this number was too small to determine its effect.

In conclusion, SOF/VEL/VOX was an effective option for treatment of patients with difficult-to-cure
characteristics who do not respond to a first-line DAA regimen, including patients with cirrhosis, GT3
HCV and prior-LT. Overall this treatment regimen was well tolerated, however serious AEs can occur

in those with advanced liver disease.

143



7.2.6 References

1.

10.

11.

12.

13.

Blach, S, Zeuzem, S, Manns M, et al., Global prevalence and genotype distribution of hepatitis
C virus infection in 2015: a modelling study. Lancet Gastroenterol, 2017. 2(3): p. 161-176.
Lavanchy, D, The global burden of hepatitis C. Liver Int, 2009. 29: p. 74-81.

Afdhal, N, Reddy, K, Nelson, D, et al., Ledipasvir and sofosbuvir for untreated HCV genotype 1
infection. N Engl J Med, 2014. 370(20): p. 1889-1898.

Younossi, Z.M. Stepanova, M, Feld, J, et al., Sofosbuvir/velpatasvir improves patient-reported
outcomes in HCV patients: Results from ASTRAL-1 placebo-controlled trial. J Hepatol, 2016.
65(1): p. 33-39.

Foster, G.R., Afdhal, N, Roberts, S, et al., Sofosbuvir and velpatasvir for HCV genotype 2 and 3
infection. N Engl J Med, 2015. 373(27): p. 2608-2617.

Werner, C, Schwarz, J, Egetemeyr, D, et al., Second-generation direct-acting-antiviral hepatitis
C virus treatment: Efficacy, safety, and predictors of SVR12. World J Gastroenterol, 2016.
22(35): p. 8050.

Backus, L, Belperio, P, Shahoumian, T, Loomis, T, Mole, L, Real-world effectiveness and
predictors of sustained virological response with all-oral therapy in 21,242 hepatitis C
genotype-1 patients. Antivir Ther, 2017. 22(6): p. 481-93.

Pawlotsky, JM, Hepatitis C virus resistance to direct-acting antiviral drugs in interferon-free
regimens. Gastroenterology, 2016. 151(1): p. 70-86.

McPhee, F, Hernandez, D, Zhou, N, et al., Pooled analysis of HCV genotype 1 resistance-
associated substitutions in NS5A, NS3 and NS5B pre-and post-treatment with 12 weeks of
daclatasvir, asunaprevir and beclabuvir. Antivir Ther, 2018. 23(1): p. 53-66.

Bourliere, M, Gordon, S, Flamm, S, et al., Sofosbuvir, velpatasvir, and voxilaprevir for
previously treated HCV infection. N Engl J Med, 2017. 376(22): p. 2134-2146.

Llaneras, J, Riveiro-Barciela, M, Lens, S, et al.,, Effectiveness and safety of
sofosbuvir/velpatasvir/voxilaprevir in patients with chronic hepatitis C previously treated with
DAAs. ) Hepatol, 2019. 71(4): p. 666-672.

Belperio, P, Shahoumian, T, Loomis, T, Backus, L, Real-world effectiveness of
sofosbuvir/velpatasvir/voxilaprevir in 573 direct-acting antiviral experienced hepatitis C
patients. ) Viral Hepatitis, 2019. 26(8): p. 980-990.

Degasperi, E, Spinetti, A, Lombardi, A, et al.,, Real-life effectiveness and safety of
sofosbuvir/velpatasvir/voxilaprevir in hepatitis C patients with previous DAA failure. ) Hepatol,

2019. 71(6): p. 1106-1115.

144



14.

15.

16.

17.

18.

19.

20.

21.

Hezode, C, Guyader, D, Nguyen-Khac, E, Larrey, D, Regine, T, Di Martino, V, Sofosbuvir+
velpatasvir+ voxilaprevir in DAA failure patients with cirrhosis. Final results of the French
compassionate use program. Hepatology (Baltimore, MD), 2018. 68: p. 374A.

U.S Food and Drug Administration, F.D.S.C., FDA warns about rare occurrence of serious liver
injury with use of hepatitis C medicines Mavyret, Zepatier, and Vosevi in some patients with
advanced liver disease, August 2019,.

Pascasio, JM, Vinaixa, C, Ferrer, M, et al., Clinical outcomes of patients undergoing antiviral
therapy while awaiting liver transplantation. ) Hepatol, 2017. 67(6): p. 1168-1176.

Crespo, G, Trota, N, Londono, M, et al., The efficacy of direct anti-HCV drugs improves early
post-liver transplant survival and induces significant changes in waiting list composition. )
Hepatol, 2018. 69(1): p. 11-17.

European Associated for the Study of the Liver, EASL recommendations on treatment of
hepatitis C 2018. ) Hepatol, 2018. 69(2): p. 461-511.

The Kirby Institute. Monitoring hepatitis C treatment uptake in Australia (Issue 7). The Kirby
Institute, U.S., Sydney, NSW, Australia, July 2017 and available online at

https://kirby.unsw.edu.au/report/monitoring-hepatitis-c-treatment-uptake-australia-issue-

7-july-2017).

Sarrazin, C, Cooper, C, Manns, M, et al., No impact of resistance-associated substitutions on
the efficacy of sofosbuvir, velpatasvir, and voxilaprevir for 12 weeks in HCV DAA-experienced
patients. ) Hepatol, 2018. 69(6): p. 1221-1230.

Gane, EJ, Shiffman, M, Etzkorn, et al., Sofosbuvir-velpatasvir with ribavirin for 24 weeks in
hepatitis C virus patients previously treated with a direct-acting antiviral regimen. Hepatology,

2017. 66(4): p. 1083-1089.

145



8 Chapter 8: Summary and future directions

8.1 Summary

There has been significant progress in the management of HCV infection over the last decade,
primarily due to the introduction of DAA therapies. The persisting challenges, however, include how
we best identify and treat the 71 million people living with HCV infection and manage the small
minority who do not achieve cure following first-line therapy. This thesis identifies strategies to
address these remaining challenges including the effective management of populations who have
historically been more difficult to engage in HCV care including prisoners, PWIDs and other socially
marginalised people. This thesis also advances our knowledge regarding the effectiveness and safety
of second line salvage therapies for relapsed HCV infection in those with advanced liver disease,

important to minimisation of liver related death and disability.

The evaluation of our prison-based, nurse-led, decentralised HCV program identified that DAA
treatment within correctional settings is highly effective, safe and can reach prisoners in large
numbers. HCV cure rates for those with complete follow up was similar to DAA registration trials and
adverse events were infrequent. Our analysis also demonstrated that over 80% of the prisoners had
never previously sought specialist HCV care, identifying the prison as a unique setting to engage those
poorly served by existing healthcare models. Furthermore, as 68% of our cohort identified as current
PWIDs our data highlights the important role the prison-based treatment can play in interrupting
transmission and achieving the WHO elimination targets. Since the program’s inception in 2015, 3,600
prisoners have been assessed and over 2,300 commenced on HCV treatment (406). Furthermore, over
30% of HCV treatments prescribed in Australia in 2019 were within the prison system (407). As such,

prison-based HCV will continue to remain incredibly important to achieving HCV elimination.

One practical barrier to prison-based hepatitis C care is the need for liver fibrosis evaluation. Transient
elastography is recommended as the standard of care test by most guidelines, however, it is
expensive, operator dependent and there are access issues for bringing a transient elastography
machine onsite. We identified that the use of simple algorithms including the APRI and FIB-4,
calculated with routine blood test results, can achieve excellent NPVs amongst prisoners for excluding
cirrhosis, thereby minimising the need for transient elastography. We also identified the utility of age
thresholds in fibrosis assessment pathways which excluded cirrhosis with high confidence. The
implementation of such fibrosis assessment pathways could significantly improve prison-based HCV
treatment throughput which has important implications for both the individual and community more

broadly.
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Despite the effectiveness of prison-based HCV programs, there remain multiple policy, financial,
logistic and prisoner-related barriers in many regions to their widespread implementation. We believe
these data should support policy makers to develop and justify prison-based models of care to

promote elimination of HCV as a public health threat.

Not all prisoners can be treated during incarceration. Linkage to hepatitis care post-release is
therefore important. Prior data has identified the challenges of healthcare continuity amongst
individuals following prison release, in part due to other immediate competing priorities. This thesis
has identified that similarly linkage to HCV care following community re-entry is poor. Overall, only
25% of those released untreated had been prescribed HCV treatment within six months of re-entry
and the sole predictor of DAA initiation was reincarceration. Our subsequent prospective randomised
controlled trial evaluated a novel model of care which streamlined DAA initiation without significant
fiscal or time expenditure and monitored for reincarceration, anticipating high recidivism rates in
keeping with Australian data. Our decentralised, community-based treatment model was effective
and 73% commenced treatment. The data also highlighted the importance of possessing accurate
contact information for re-entering individuals to facilitate successful community engagement and
the important role played by care navigators in initiating and sustaining contact to prioritise treatment

amongst individuals’ other important matters.

The second half of this thesis addressed HCV viral resistance, including both the prevalence of resistant
quasispecies at baseline amongst DAA naive Australians, and the efficacy of HCV salvage regimens in
DAA-experienced individuals with relapse. Australian HCV guidelines do not currently recommend
routine NS5A RAS testing at baseline. This recommendation is supported by our data which
demonstrated a lower NS5A RAS prevalence in GT1la infection at baseline than in other regions
internationally. This is relevant as HCV GT1a NS5A RAS detected at baseline can significantly reduce
treatment efficacy when particular DAA regimens are prescribed. The prevalence however was
comparative for GT1b and GT3 infection. We also demonstrated that as baseline NS5A RAS prevalence
is low, the use of next generation sequencing, a more expensive, more technically demanding

technique, has limited utility over population-based sequencing for this indication.

The next study evaluated the efficacy and safety of SOF, ELB, GZR = RBV for NS5A-inhibitor
experienced participants with HCV relapse following first-line DAA treatment. Our study builds on the
existing data from REVENGE and C-ISLE trials, and for the first time demonstrates high efficacy of SOF,
ELB, GZR + RBV for DAA-experienced GT3 participants with cirrhosis, as well as for non-GT3 infection.
Despite the high EC50 for ELB and GZR for HCV GT3, the synergy of ELB + GZR in combination with SOF

was able to overcome resistance and achieve high rates of cure. This regimen therefore presents a
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cost-effective pan-genotypic option for resource limited settings where generic SOF could be
combined with ELB/GZR. Such strategies are important to minimise liver related morbidity and

mortality in those with advanced disease.

The final study evaluated the efficacy and safety of SOF/VEL/VOX for relapsed HCV infection amongst
NS5A-inhibitor experienced participants with difficult to cure characteristics. Several real-world
studies had identified reduced efficacy of SOF/VEL/VOX in the setting of certain baseline
characteristics including GT3 infection, cirrhosis, HCC and prior VEL treatment experience. Our study
contributes to the global SOF/VEL/VOX post-marketing experience and provides reassuring evidence
of high efficacy for relapsed HCV despite these patient characteristics, all of which were well
represented in our cohort. We also demonstrated successful treatment of individuals with prior
hepatic decompensation, some who received a non-Pl containing lead-in regimen to optimise hepatic
function prior to introduction of VOX. There were however three hepatic decompensation events
which highlight the importance of careful monitoring when prescribing Pls to those with advanced

disease.

8.2 Future directions

The knowledge gained from this thesis can be applied locally and internationally to encourage the
propagation of similar prison-based HCV treatment services to make a meaningful impact on HCV
prevalence and incidence. As prison-based treatments now account for over 25% of DAA prescriptions
in Australia, these data highlight the important contribution the prison setting can play in engaging

marginalised individuals and achieving the WHO viral hepatitis elimination targets globally.

The evaluation of the Statewide Hepatitis Service demonstrated that cure rates were high, and that
prisoners could be treated in large numbers. The analysis, however, revealed that many individuals
are released from prison untreated due to short sentence durations. Further evaluation is therefore
required to determine how prison-based HCV treatment throughput can be enhanced. Victorian
prisons currently have a policy of opt-in testing for HCV infection on reception and during subsequent
transfers. The implementation of opt-out testing could significantly increase testing coverage and
identify a greater number of prisoners living with HCV for treatment. The establishment of key
performance indicators for HCV testing on prison reception could also aid in prioritising this important
task amongst other reception priorities. Other potential strategies for evaluation include the
implementation of point of care diagnostics at prison reception and streamlined treatment initiation
to minimise the interval between incarceration and DAA commencement. Models of shared care by
which treatment is initiated in prisons with community follow arranged with the existing network of

clinical hepatitis nurse consultants also warrants evaluation. The remaining barriers to prison-based
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HCV management will also be investigated. A qualitative study interviewing key stakeholders including
prisoners, prison healthcare and security staff and program personnel will be undertaken to identify

the key ongoing challenges to efficient and effective care.

More broadly, the findings of our prison evaluation should be used to advocate for similar programs
internationally. It is estimated that HCV prevalence exceeds 15% in prisons globally and that prison-
based treatments can significant reduced community HCV incidence and prevalence. Future works
must therefore investigate the cost-effectiveness of our model to highlight this as a viable and
economical option for other jurisdictions and regions internationally. Another important
consideration will be the investigation of HCV reinfection rates following successful treatment in
prisons. It is anticipated that widespread prison-based treatment will confer a reduction in anticipated

reinfection rates due to treatment as prevention, however this requires formal evaluation.

This thesis also presents the first randomised controlled data regarding the effectiveness of HCV
transitional care for released prisoners. Extensive social, educational and psychological participant
characteristics were not adequately captured, however, due to the time constraints of prison-based
assessments. Therefore, ongoing qualitative assessment of individuals’ experiences of HCV treatment,
and community re-entry more broadly, will be investigated to enhance the model’s effectiveness and
acceptability. There is an existing network of hepatitis C clinical nurse consultants throughout Victoria,
Australia, who have an important role in engaging primary health services and providing them with
support and mentoring to treat people with HCV infection. They also collaborate with specialist HCV
clinics in a shared-care model to assist with the engagement, assessment and treatment of people
living with HCV. This existing network is well placed to provide transitional hepatitis C care for re-
entering individuals, which has been demonstrated as effective in this thesis. Discussions with the
Department of Health and Human Services are in progress to formalise this arrangement and to

provide appropriate resourcing for the continuation of this important work.

This thesis reported the prevalence of HCV NS5A RAS in GT1 infection at baseline, and for the first
time in Australia, GT3 infection. These data provide reassuring evidence which support Australian HCV
guidelines that RAS testing is not required at baseline. In collaboration with VIDRL, we have also
performed HCV NS5A and NS3 RAS sequencing in a large number of DAA-experienced patients with
relapse. This data will contribute to a collaborative study with other Australian jurisdictions to
investigate NS5A and NS3 RAS profiles amongst DAA-experienced individuals with relapse and their

impact on retreatment strategies.

Our evaluation of SOF/VEL/VOX for relapsed HCV also raised important clinical queries for evaluation.

Firstly, despite excellent treatment efficacy, a small number of individuals did not achieve SVR12.
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Currently, retreatment strategies following unsuccessful second-line salvage therapy are not well
defined. Prospective evaluation of extended treatment with SOF/VEL/VOX + RBV or 16 weeks SOF +
GLE/PIB + RBV are therefore required. Given the small numbers of patients who fail both first- and
second-line DAA therapy however, multicentre collaboration will be required. There are however
commercial limitations to conducting this research as neither extended-duration SOF/VEL/VOX + RBV
or 16 weeks SOF + GLE/PIB + RBV are reimbursed by the Australian Pharmaceutical Benefits Scheme.
Our data also highlighted the effectiveness of SOF/VEL/VOX for participants with prior clinical
decompensation who achieved recompensation during lead-in SOF + NS5A-inhibitor. This strategy too

warrants prospective evaluation as a reasonable approach for carefully selected patients.

In conclusion, this thesis provides important insights in the management of populations with difficult
to treat HCV infection, either due to challenges with engagement or based on their viral
characteristics. The findings demonstrate that prisons offer an important opportunity to engage and
treat marginalised individuals in a manner that is safe and effective, and though implementing new
models of care which are dynamic and streamlined, engagement following community re-entry can
also be enhanced. Finally, these data also identify high efficacy and novel strategies for prescribing
second-line salvage therapy for relapsed HCV in those with advanced disease, which is important to

minimise decompensation events and liver related mortality.

150



10.

11.

12.

13.

14.

References

Fauquet CM, Mayo MA, Maniloff J, Desselberger U, Ball LA. Virus taxonomy: Vllith report of
the International Committee on Taxonomy of Viruses: Academic Press; 2005.

Feinstone SM, Kapikian AZ, Purcell RH, Alter HJ, Holland PV. Transfusion-associated hepatitis
not due to viral hepatitis type A or B. N Engl J Med. 1975;292(15):767-70.

Alter H, Holland P, Morrow A, Purcell R, Feinstone S, Moritsugu Y. Clinical and serological
analysis of transfusion-associated hepatitis. The Lancet. 1975;306(7940):838-41.

Choo Q-L, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M. Isolation of a cDNA clone
derived from a blood-borne non-A, non-B viral hepatitis genome. Science.
1989;244(4902):359-62.

Kuo G, Choo Q-L, Alter H, Gitnick G, Redeker A, Purcell R, et al. An assay for circulating
antibodies to a major etiologic virus of human non-A, non-B hepatitis. Science.
1989;244(4902):362-4.

Wood EM, Coghlan P, Boyce N. The hepatitis C virus and transfusion medicine. Hepatitis C:
An Australian Perspective: IP Communications; 2001.

Moyer LA, Mast EE, Alter MJ. Hepatitis C: Part |. Routine serologic testing and diagnosis. Am
Fam Physician. 1999;59(1):79.

Simmonds P, Bukh J, Combet C, Deléage G, Enomoto N, Feinstone S, et al. Consensus proposals
for a unified system of nomenclature of hepatitis C virus genotypes. Hepatology.
2005;42(4):962-73.

Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, Layden TJ, et al. Hepatitis C viral
dynamics in vivo and the antiviral efficacy of interferon-a therapy. Science.
1998;282(5386):103-7.

Kolykhalov AA, Mihalik K, Feinstone SM, Rice CM. Hepatitis C virus-encoded enzymatic
activities and conserved RNA elements in the 3’ nontranslated region are essential for virus
replication in vivo. J Virol. 2000;74(4):2046-51.

Tsukiyama-Kohara K, lizuka N, Kohara M, Nomoto A. Internal ribosome entry site within
hepatitis C virus RNA. J Virol. 1992;66(3):1476-83.

Hijikata M, Kato N, Ootsuyama Y, Nakagawa M, Shimotohno K. Gene mapping of the putative
structural region of the hepatitis C virus genome by in vitro processing analysis. Proceedings
of the National Academy of Sciences. 1991;88(13):5547-51.

Lin C, Lindenbach BD, Pragai BM, McCourt DW, Rice CM. Processing in the hepatitis C virus E2-
NS2 region: identification of p7 and two distinct E2-specific products with different C termini.

J Virol. 1994;68(8):5063-73.

Behrens S-E, Tomei L, De Francesco R. Identification and properties of the RNA-dependent
RNA polymerase of hepatitis C virus. The EMBO journal. 1996;15(1):12-22.

151



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Parcella K, Nickel A, Beno BR, Sheriff S, Wan C, Wang Y-K, et al. Discovery and initial
optimization of alkoxyanthranilic acid derivatives as inhibitors of HCV NS5B polymerase.
Bioorg Med Chem Lett. 2017;27(2):295-8.

Hercik K, Kozak J, Sala M, Dejmek M, Hrebabecky H, Zbornikova E, et al. Adenosine
triphosphate analogs can efficiently inhibit the Zika virus RNA-dependent RNA polymerase.
Antiviral Res. 2017;137:131-3.

Oliveira FM, Barbosa LC, Fernandes SA, Lage MR, Carneiro JWdM, Kabeshov MA. Evaluation
of some density functional methods for the estimation of hydrogen and carbon chemical shifts
of phosphoramidates. Computational and Theoretical Chemistry. 2016;1090:218-24.

Eyer L, Smidkova M, Nencka R, Neca J, Kastl T, Palus M, et al. Structure-activity relationships
of nucleoside analogues for inhibition of tick-borne encephalitis virus. Antiviral Res.
2016;133:119-29.

Ross-Thriepland D, Harris M. Hepatitis C virus NS5A: enigmatic but still promiscuous 10 years
on!J Gen Virol. 2015;96(4):727-38.

Belema M, Meanwell NA. Discovery of daclatasvir, a pan-genotypic hepatitis C virus NS5A
replication complex inhibitor with potent clinical effect. ACS Publications; 2014.

Yao N, Reichert P, Taremi SS, Prosise WW, Weber PC. Molecular views of viral polyprotein
processing revealed by the crystal structure of the hepatitis C virus bifunctional protease—
helicase. Structure. 1999;7(11):1353-63.

Pawlotsky J-M. Hepatitis C virus resistance to direct-acting antiviral drugs in interferon-free
regimens. Gastroenterology. 2016;151(1):70-86.

Liang Y, Ishida H, Lenz O, Lin TI, Nyanguile O, Simmen K, et al. Antiviral suppression vs
restoration of RIG-I signaling by hepatitis C protease and polymerase inhibitors.
Gastroenterology. 2008;135(5):1710-8. e2.

Irshad M, Dhar |. Hepatitis C virus core protein: an update on its molecular biology, cellular
functions and clinical implications. Med Princ Pract. 2006;15(6):405-16.

Liu HM, Gale M. Hepatitis C virus evasion from RIG-I-dependent hepatic innate immunity.
Gastroenterol Res Pract. 2010;2010.

Golden-Mason L, Rosen HR. Natural killer cells: multifaceted players with key roles in hepatitis
C immunity. Immunol Rev. 2013;255(1):68-81.

Saito T, Gale Jr M. Regulation of innate immunity against hepatitis C virus infection. Hepatol
Res. 2008;38(2):115-22.

Bravo D, Solano C, Giménez E, Remigia MJ, Corrales |, Amat P, et al. Effect of the IL28B
Rs12979860 C/T polymorphism on the incidence and features of active cytomegalovirus
infection in allogeneic stem cell transplant patients. J] Medical Virol. 2014;86(5):838-44.

Holder KA, Stapleton SN, Gallant ME, Russell RS, Grant MD. Hepatitis C Virus—Infected Cells
Downregulate NKp30 and Inhibit Ex Vivo NK Cell Functions. J Immunol. 2013;191(6):3308-18.

152



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Zhang S, Saha B, Kodys K, Szabo G. IFN-y production by human natural killer cells in response
to HCV-infected hepatoma cells is dependent on accessory cells. J Hepatol. 2013;59(3):442-9.

Aberle JH, Formann E, Steindl-Munda P, Weseslindtner L, Gurguta C, Perstinger G, et al.
Prospective study of viral clearance and CD4+ T-cell response in acute hepatitis C primary
infection and reinfection. J Clinical Virol. 2006;36(1):24-31.

Fahey S, Dempsey E, Long A. The role of chemokines in acute and chronic hepatitis C infection.
Cell Mol Immunol. 2014;11(1):25-40.

Lauer GM, Walker BD. Hepatitis C virus infection. N Engl J Med. 2001;345:41-52.

Valiante NM, D'Andrea A, Crotta S, Lechner F, Klenerman P, Nuti S, et al. Life, activation and
death of intrahepatic lymphocytes in chronic hepatitis C. Immunol Rev. 2000;174(1):77-89.

Fartoux L, Poujol-Robert A, Guechot J, Wendum D, Poupon R, Serfaty L. Insulin resistance is a
cause of steatosis and fibrosis progression in chronic hepatitis C. Gut. 2005;54(7):1003-8.

Clément S, Pascarella S, Negro F. Hepatitis C virus infection: molecular pathways to steatosis,
insulin resistance and oxidative stress. Viruses. 2009;1(2):126-43.

Bengsch B, Seigel B, Ruhl M, Timm J, Kuntz M, Blum HE, et al. Coexpression of PD-1, 2B4,
CD160 and KLRG1 on exhausted HCV-specific CD8+ T cells is linked to antigen recognition and
T cell differentiation. PLoS Pathog. 2010;6(6) e1000947.

Fujita N, Sugimoto R, Ma N, Tanaka H, lwasa M, Kobayashi Y, et al. Comparison of hepatic
oxidative DNA damage in patients with chronic hepatitis B and C. J Viral Hepat.
2008;15(7):498-507.

Rubbia-Brandt L, Giostra E, Mentha G, Quadri R, Negro F. Expression of liver steatosis in
hepatitis C virus infection and pattern of response to a-interferon. J Hepatol. 2001;35(2):307.

Asselah T, Rubbia-Brandt L, Marcellin P, Negro F. Steatosis in chronic hepatitis C: why does it
really matter? Gut. 2006;55(1):123-30.

Adinolfi LE, Gambardella M, Andreana A, Tripodi Mf, Utili R, Ruggiero G. Steatosis accelerates
the progression of liver damage of chronic hepatitis C patients and correlates with specific
HCV genotype and visceral obesity. Hepatology. 2001;33(6):1358-64.

Shackel NA, McGuinness PH, Abbott CA, Gorrell MD, McCaughan GW. Insights into the
pathobiology of hepatitis C virus-associated cirrhosis: analysis of intrahepatic differential gene
expression. Am J Pathol. 2002;160(2):641-54.

Pérez-Alvarez R, Garcia-Samaniego J, Sola R, Pérez-Lopez R, Barcena R, Planas R, et al. Acute
hepatitis C in Spain: a retrospective study of 131 cases. Revista Espanola de Enfermedades
Digestivas. 2012;104(1):21.

Grebely J, Pham ST, Matthews GV, Petoumenos K, Bull RA, Yeung B, et al. Hepatitis C virus

reinfection and superinfection among treated and untreated participants with recent
infection. Hepatology. 2012;55(4):1058-69.

153



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Grebely J, Page K, Sacks-Davis R, van der Loeff MS, Rice TM, Bruneau J, et al. The effects of
female sex, viral genotype, and IL28B genotype on spontaneous clearance of acute hepatitis
C virus infection. Hepatology. 2014;59(1):109-20.

Gerlach JT, Diepolder HM, Zachoval R, Gruener NH, Jung M-C, Ulsenheimer A, et al. Acute
hepatitis C: high rate of both spontaneous and treatment-induced viral clearance.
Gastroenterology. 2003;125(1):80-8.

Santantonio T, Sinisi E, Guastadisegni A, Casalino C, Mazzola M, Gentile A, et al. Natural course
of acute hepatitis C: a long-term prospective study. Dig Liver Dis. 2003;35(2):104-13.

Wang CC, Krantz E, Klarquist J, Krows M, McBride L, Scott EP, et al. Acute hepatitis C in a
contemporary US cohort: modes of acquisition and factors influencing viral clearance. J Infect
Dis. 2007;196(10):1474-82.

Hofer H, Watkins-Riedel T, Janata O, Penner E, Holzmann H, Steindl-Munda P, et al.
Spontaneous viral clearance in patients with acute hepatitis C can be predicted by repeated
measurements of serum viral load. Hepatology. 2003;37(1):60-4.

Cho Y-K, Kim YN, Song B-C. Predictors of spontaneous viral clearance and outcomes of acute
hepatitis C infection. Clin Mol Hepatol. 2014;20(4):368.

Grebely J, Feld JJ, Applegate T, Matthews GV, Hellard M, Sherker A, et al. Plasma interferon-
gamma-inducible protein-10 (IP-10) levels during acute hepatitis C virus infection. Hepatology.
2013;57(6):2124-34.

Mangia A, Santoro R, Piattelli M, Pazienza V, Grifa G, lacobellis A, et al. IL-10 haplotypes as
possible predictors of spontaneous clearance of HCV infection. Cytokine. 2004;25(3):103-9.

Ray SC, Wang Y-M, Laeyendecker O, Ticehurst JR, Villano SA, Thomas DL. Acute hepatitis C
virus structural gene sequences as predictors of persistent viremia: hypervariable region 1 as
a decoy. J Virol. 1999;73(4):2938-46.

Evon DM, Stewart PW, Amador J, Serper M, Lok AS, Sterling RK, et al. A comprehensive
assessment of patient reported symptom burden, medical comorbidities, and functional well
being in patients initiating direct acting antiviral therapy for chronic hepatitis C: Results from
a large US multi-center observational study. PloS one. 2018;13(8).

Shakil AO, Conry-Cantilena C, Alter HJ, Hayashi P, Kleiner DE, Tedeschi V, et al. Volunteer blood
donors with antibody to hepatitis C virus: clinical, biochemical, virologic, and histologic
features. Ann Intern Med. 1995;123(5):330-7.

Spiegel BM, Younossi ZM, Hays RD, Revicki D, Robbins S, Kanwal F. Impact of hepatitis C on
health related quality of life: a systematic review and quantitative assessment. Hepatology.
2005;41(4):790-800.

Forton DM, Allsop JM, Main J, Foster GR, Thomas HC, Taylor-Robinson SD. Evidence for a
cerebral effect of the hepatitis C virus. The Lancet. 2001;358(9275):38-9.

Forton DM, Thomas HC, Murphy CA, Allsop JM, Foster GR, Main J, et al. Hepatitis C and

cognitive impairment in a cohort of patients with mild liver disease. Hepatology.
2002;35(2):433-9.

154



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ferri C, Caracciolo F, Zignego AL, Civita LL, Monti M, Longombardo G, et al. Hepatitis C virus
infection in patients with non-Hodgkin's lymphoma. Br J Haematol. 1994;88(2):392-4.

Kayali Z, Buckwold VE, Zimmerman B, Schmidt WN. Hepatitis C, cryoglobulinemia, and
cirrhosis: a meta-analysis. Hepatology. 2002;36(4):978-85.

Johnson RJ, Gretch DR, Yamabe H, Hart J, Bacchi CE, Hartwell P, et al. Membranoproliferative
glomerulonephritis associated with hepatitis C virus infection. N Engl ] Med. 1993;328(7):465-
70.

Muratori P, Muratori L, Stroffolini T, Pappas G, Terlizzi P, Ferrari R, et al. Prevalence of non-
organ specific autoantibodies in HCV-infected subjects in the general population. Clin Exp
Immunol. 2003;131(1):118-21.

Ganne-Carrie N, Medini A, Coderc E, Seror O, Christidis C, Grimbert S, et al. Latent
autoimmune thyroiditis in untreated patients with HCV chronic hepatitis: a case-control study.
J Autoimmun. 2000;14(2):189-93.

Gisbert JP, Garcia-Buey L, Pajares JMa, Moreno-Otero R. Prevalence of hepatitis C virus
infection in porphyria cutanea tarda: systematic review and meta-analysis. J Hepatol.
2003;39(4):620-7.

Tong MJ, El-Farra NS, Reikes AR, Co RL. Clinical outcomes after transfusion-associated
hepatitis C. N Engl J Med. 1995;332(22):1463-6.

Liang TJ, Rehermann B, Seeff LB, Hoofnagle JH. Pathogenesis, natural history, treatment, and
prevention of hepatitis C. Ann Intern Med. 2000;132(4):296-305.

Barrett S, Goh J, Coughlan B, Ryan E, Stewart S, Cockram Aea, et al. The natural course of
hepatitis C virus infection after 22 years in a unique homogenous cohort: spontaneous viral
clearance and chronic HCV infection. Gut. 2001;49(3):423-30.

Thein HH, Yi Q, Dore GJ, Krahn MD. Estimation of stage-specific fibrosis progression rates in
chronic hepatitis C virus infection: a meta-analysis and meta-regression. Hepatology.
2008;48(2):418-31.

Dienstag JL, Ghany MG, Morgan TR, Di Bisceglie AM, Bonkovsky HL, Kim HY, et al. A
prospective study of the rate of progression in compensated, histologically advanced chronic
hepatitis C. Hepatology. 2011;54(2):396-405.

Villano SA, Vlahov D, Nelson KE, Cohn S, Thomas DL. Persistence of viremia and the
importance of long-term follow-up after acute hepatitis C infection. Hepatology.
1999;29(3):908-14.

Poynard T, Bedossa P, Opolon P. Natural history of liver fibrosis progression in patients with
chronic hepatitis C. for the OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups. The Lancet
1997; 349: 825-832.

Wiley TE, Brown J, Chan J. Hepatitis C infection in African Americans: its natural history and
histological progression. Am J Gastroenterol. 2002;97(3):700-6.

155



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Hourigan LF, Macdonald GA, Purdie D, Whitehall VH, Shorthouse C, Clouston A, et al. Fibrosis
in chronic hepatitis C correlates significantly with body mass index and steatosis. Hepatology.
1999;29(4):1215-9.

Hutchinson SJ, Bird SM, Goldberg DJ. Influence of alcohol on the progression of hepatitis C
virus infection: a meta-analysis. Clin Gastroenterol Hepatol. 2005;3(11):1150-9.

Ishida JH, Peters MG, Jin C, Louie K, Tan V, Bacchetti P, et al. Influence of cannabis use on
severity of hepatitis C disease. Clin Gastroenterol Hepatol. 2008;6(1):69-75.

Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G, Almasio P, et al. Morbidity and
mortality in compensated cirrhosis type C: a retrospective follow-up study of 384 patients.
Gastroenterology. 1997;112(2):463-7.

Van der Meer AJ, Veldt BJ, Feld JJ, Wedemeyer H, Dufour J-F, Lammert F, et al. Association
between sustained virological response and all-cause mortality among patients with chronic
hepatitis C and advanced hepatic fibrosis. JAMA. 2012;308(24):2584-93.

Simmons B, Saleem J, Heath K, Cooke GS, Hill A. Long-term treatment outcomes of patients
infected with hepatitis C virus: a systematic review and meta-analysis of the survival benefit
of achieving a sustained virological response. Clin Infect Dis. 2015;61(5):730-40.

Gretch DR. Diagnostic tests for hepatitis C. Hepatology. 1997;26(S3):43S-7S.

Colin C, Lanoir D, Touzet S, Meyaud-Kraemer L, Bailly F, Trepo C, et al. Sensitivity and
specificity of third-generation hepatitis C virus antibody detection assays: an analysis of the
literature. J Viral Hepat. 2001;8(2):87-95.

Uyttendaele S, Claeys H, Mertens W, Verhaert H, Vermylen C. Evaluation of third-generation
screening and confirmatory assays for HCV antibodies. Vox Sang. 1994;66(2):122-9.

Maheshwari A, Thuluvath PJ. Management of acute hepatitis C. Clin Liver Dis. 2010;14(1):169-
76.

Farci P, Alter HJ, Wong D, Miller RH, Shih JW, Jett B, et al. A long-term study of hepatitis C virus
replication in non-A, non-B hepatitis. N Engl J Med. 1991;325(2):98-104.

Kamili S, Drobeniuc J, Araujo AC, Hayden TM. Laboratory diagnostics for hepatitis C virus
infection. Clin Infect Dis. 2012;55:543-S8.

Kim S, Kim J-H, Yoon S, Park Y-H, Kim H-S. Clinical performance evaluation of four automated
chemiluminescence immunoassays for hepatitis C virus antibody detection. J Clin Microbiol.
2008;46(12):3919-23.

Dufour DR, Talastas M, Fernandez MD, Harris B. Chemiluminescence assay improves
specificity of hepatitis C antibody detection. Clin Chem. 2003;49(6):940-4.

Lange B, Cohn J, Roberts T, Camp J, Chauffour J, Gummadi N, et al. Diagnostic accuracy of

serological diagnosis of hepatitis C and B using dried blood spot samples (DBS): two systematic
reviews and meta-analyses. BMC Infect Dis. 2017;17(1):700.

156



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

Pereira BJ, Levey AS. Hepatitis C virus infection in dialysis and renal transplantation. Kidney
Int. 1997;51(4):981-99.

Pereira BJ, Milford EL, Kirkman RL, Quan S, Sayre KR, Johnson PJ, et al. Prevalence of hepatitis
C virus RNA in organ donors positive for hepatitis C antibody and in the recipients of their
organs. N EnglJ Med. 1992;327(13):910-5.

Lok AS, Chien D, Choo QL, Chan TM, Chiu EK, Cheng IK, et al. Antibody response to core,
envelope and nonstructural hepatitis C virus antigens: comparison of immunocompetent and
immunosuppressed patients. Hepatology. 1993;18(3):497-502.

Lee S, Yearwood G, Guillon G, Kurtz L, Fischl M, Friel T, et al. Evaluation of a rapid, point-of-
care test device for the diagnosis of hepatitis C infection. J Clin Virol. 2010;48(1):15-7.

Shivkumars, Peeling R, Jafari Y, Joseph L, Pai NP. Accuracy of rapid and point-of-care screening
tests for hepatitis C: a systematic review and meta-analysis. Ann Intern Med. 2012;157(8):558-
66.

Lok A, Gunaratnam NT. Diagnosis of hepatitis C. Hepatology. 1997;26(53):48S-56S.

Parr JB, Lodge EK, Holzmayer V, Pepin J, Frost EH, Fried MW, et al. An efficient, large-scale
survey of hepatitis C viremia in the Democratic Republic of the Congo using dried blood spots.
Clin Infect Dis. 2018;66(2):254-60.

Greenman J, Roberts T, Cohn J, Messac L. Dried blood spot in the genotyping, quantification
and storage of HCV RNA: a systematic literature review. J Viral Hepat. 2015;22(4):353-61.

Hagiwara H, Hayashi N, Mita E, Takehara T, Kasahara A, Fusamoto H, et al. Quantitative
analysis of hepatitis C virus RNA in serum during interferon alfa therapy. Gastroenterology.
1993;104(3):877-83.

Kobayashi Y, Watanabe S, Konishi M, Yokoi M, Kakehashi R, Kaito M, et al. Quantitation and
typing of serum hepatitis C virus RNA in patients with chronic hepatitis C treated with
interferon-B. Hepatology. 1993;18(6):1319-25.

Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE, Lawitz E, et al. Ledipasvir and
sofosbuvir for 8 or 12 weeks for chronic HCV without cirrhosis. N Engl J Med.
2014;370(20):1879-88.

Bravo AA, Sheth SG, Chopra S. Liver biopsy. N EnglJ Med. 2001;344(7):495-500.

Schlichting P, Hglund B, Poulsen H. Liver biopsy in chronic aggressive hepatitis: diagnostic
reproducibility in relation to size of specimen. Scand J Gastroenterol. 1983;18(1):27-32.

Hglund B, Poulsen H, Schlichting P. Reproducibility of liver biopsy diagnosis in relation to the
size of the specimen. Scand J Gastroenterol. 1980;15(3):329-35.

Abdi W, Millan JC, Mezey E. Sampling variability on percutaneous liver biopsy. Arch Intern
Med. 1979;139(6):667-9.

157



103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Bruguera M, Bordas J, Mas P, Rodes J. A comparison of the accuracy of peritoneoscopy and
liver biopsy in the diagnosis of cirrhosis. Gut. 1974;15(10):799-800.

Olsson R, Hagerstrand |, Broome U, Danielsson A, Jarnerot G, LO6f L, et al. Sampling variability
of percutaneous liver biopsy in primary sclerosing cholangitis. J Clin Pathol. 1995;48(10):933-
5.

Poniachik J, Bernstein DE, Reddy KR, Jeffers LJ, Coelho-Little M-E, Civantos F, et al. The role of
laparoscopy in the diagnosis of cirrhosis. Gastrointest Endosc. 1996;43(6):568-71.

Regev A, Berho M, Jeffers LJ, Milikowski C, Molina EG, Pyrsopoulos NT, et al. Sampling error
and intraobserver variation in liver biopsy in patients with chronic HCV infection. Am J
Gastroenterol. 2002;97(10):2614-8.

Bedossa P, Poynard T. the Metavir Cooperative Group. Intraobserver and interobserver
variations in liver biopsy interpretation in patients with chronic hepatitis C. Hepatology.
1994;20(1 Pt 1):15-20.

The French METAVIR Cooperative Study Group, Bedossa P. Intraobserver and interobserver
variations in liver biopsy interpretation in patients with chronic hepatitis C. Hepatology.
1994;20(1):15-20.

Ishak K, Baptista A, Bianchi L, Callea F, De Groote J, Gudat F, et al. Histological grading and
staging of chronic hepatitis. J Hepatol. 1995;22(6):696-9.

Westin J, Lagging LM, Wejstal R, Norkrans G, Dhillon AP. Interobserver study of liver
histopathology using the Ishak score in patients with chronic hepatitis C virus infection. Liver.
1999;19(3):183-7.

Goldin RD, Goldin JG, Burt AD, Dhillon PA, Hubscher S, Wyatt J, et al. Intra-observer variation
in the histopathological assessment of chronic viral hepatitis. ] Hepatol. 1996;25(5):649-54.

Perrault J, McGill DB, Ott BJ, Taylor WF. Liver biopsy: complications in 1000 inpatients and
outpatients. Gastroenterology. 1978;74(1):103-6.

Piccinino F, Sagnelli E, Pasquale G, Giusti G, Battocchia A, Bernardi M, et al. Complications
following percutaneous liver biopsy: a multicentre retrospective study on 68 276 biopsies. J
Hepatol. 1986;2(2):165-73.

Thampanitchawong P, Piratvisuth T. Liver biopsy: complications and risk factors. World J
Gastroenterol. 1999;5(4):301.

Froehlich F, Lamy O, Fried M, Gonvers J. Practice and complications of liver biopsy. Dig Dis Sci.
1993;38(8):1480-4.

Van DT, Gavaler JS, Wright H, Tzakis A. Liver biopsy. Its safety and complications as seen at a
liver transplant center. Transplantation. 1993;55(5):1087-90.

Ruben RA, Chopra S. Bile peritonitis after liver biopsy: nonsurgical management of a patient

with an acute abdomen: a case report with review of the literature. Am J Gastroenterol.
1987;82(3).

158



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Sandrin L, Fourquet B, Hasquenoph J-M, Yon S, Fournier C, Mal F, et al. Transient elastography:
a new noninvasive method for assessment of hepatic fibrosis. Ultrasound Med Biol.
2003;29(12):1705-13.

Fraquelli M, Rigamonti C, Casazza G, Conte D, Donato MF, Ronchi G, et al. Reproducibility of
transient elastography in the evaluation of liver fibrosis in patients with chronic liver disease.
Gut. 2007;56(7):968-73.

Castéra L, Vergniol J, Foucher J, Le Bail B, Chanteloup E, Haaser M, et al. Prospective
comparison of transient elastography, Fibrotest, APRI, and liver biopsy for the assessment of
fibrosis in chronic hepatitis C. Gastroenterology. 2005;128(2):343-50.

Ziol M, Handra-Luca A, Kettaneh A, Christidis C, Mal F, Kazemi F, et al. Noninvasive assessment
of liver fibrosis by measurement of stiffness in patients with chronic hepatitis C. Hepatology.
2005;41(1):48-54.

Friedrich—Rust M, Ong MF, Martens S, Sarrazin C, Bojunga J, Zeuzem S, et al. Performance of
transient elastography for the staging of liver fibrosis: a meta-analysis. Gastroenterology.
2008;134(4):960-74. e8.

Foucher J, Castéra L, Bernard P-H, Adhoute X, Laharie D, Bertet J, et al. Prevalence and factors
associated with failure of liver stiffness measurement using FibroScan in a prospective study
of 2114 examinations. Eur J Gastroenterol Hepatol. 2006;18(4):411-2.

Coco B, Oliveri F, Maina A, Ciccorossi P, Sacco R, Colombatto P, et al. Transient elastography:
a new surrogate marker of liver fibrosis influenced by major changes of transaminases. J Viral
Hepat. 2007;14(5):360-9.

Arena U, Vizzutti F, Abraldes JG, Corti G, Stasi C, Moscarella S, et al. Reliability of transient
elastography for the diagnosis of advanced fibrosis in chronic hepatitis C. Gut.
2008;57(9):1288-93.

Colli A, Pozzoni P, Berzuini A, Gerosa A, Canovi C, Molteni EE, et al. Decompensated chronic
heart failure: increased liver stiffness measured by means of transient elastography.
Radiology. 2010;257(3):872-8.

Myers R. Pomier? Layrargues G, Kirsch R, Pollett A, Duarte? Rojo A, Wong D, et al. Feasibility
and diagnostic performance of the FibroScan XL probe for liver stiffness measurement in
overweight and obese patients. Hepatology. 2012;55:199-208.

Bachofner JA, Valli PV, Kroger A, Bergamin |, Kiinzler P, Baserga A, et al. Direct antiviral agent
treatment of chronic hepatitis C results in rapid regression of transient elastography and
fibrosis markers fibrosis-4 score and aspartate aminotransferase-platelet ratio index. Liver Int.
2017;37(3):369-76.

Wai C-T, Greenson JK, Fontana RJ, Kalbfleisch JD, Marrero JA, Conjeevaram HS, et al. A simple
noninvasive index can predict both significant fibrosis and cirrhosis in patients with chronic
hepatitis C. Hepatology. 2003;38(2):518-26.

159



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrhosis in patients with chronic
hepatitis C virus infection: a systematic review. Ann Intern Med. 2013;158(11):807-20.

Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner J, et al. Development of a simple
noninvasive index to predict significant fibrosis in patients with HIV/HCV coinfection.
Hepatology. 2006;43(6):1317-25.

Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J, et al. Hepascore: an accurate
validated predictor of liver fibrosis in chronic hepatitis C infection. Clin Chem.
2005;51(10):1867-73.

Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Schuppan D, et al. Serum markers detect
the presence of liver fibrosis: a cohort study. Gastroenterology. 2004;127(6):1704-13.

Colli A, Fraquelli M, Andreoletti M, Marino B, Zuccoli E, Conte D. Severe liver fibrosis or
cirrhosis: accuracy of US for detection—analysis of 300 cases. Radiology. 2003;227(1):89-94.

lacobellis A, Fusilli S, Mangia A, Clemente R, Festa V, Giacobbe A, et al. Ultrasonographic and
biochemical parameters in the non-invasive evaluation of liver fibrosis in hepatitis C virus
chronic hepatitis. Aliment Pharmacol Ther. 2005;22(9):769-74.

Chen C-H, Lin S-T, Yang C-C, Yeh Y-H, Kuo C-L, Nien C-K. The accuracy of sonography in
predicting steatosis and fibrosis in chronic hepatitis C. Dig Dis Sci. 2008;53(6):1699-706.

Oberti F, Valsesia E, Pilette C, Rousselet M, Bedossa P, Aube C, et al. Noninvasive diagnosis of
hepatic fibrosis or cirrhosis. Gastroenterology. 1997;113(5):1609-16.

Aubé C, Oberti F, Korali N, Namour M-A, Loisel D, Tanguy J-Y, et al. Ultrasonographic diagnosis
of hepatic fibrosis or cirrhosis. J Hepatol. 1999;30(3):472-8.

Shen L, Li J-Q, Zeng M-D, Lu L-G, Fan S-T, Bao H. Correlation between ultrasonographic and
pathologic diagnosis of liver fibrosis due to chronic virus hepatitis. World J Gastroenterol.
2006;12(8):1292.

Udell JA WC, Tinmouth J, et al. Does this patient with liver disease have cirrhosis? 2012. In:
Database of Abstracts of Reviews of Effects (DARE): Quality-assessed Reviews [Internet]. York
(UK): Centre for Reviews and Dissemination (UK).

De Bruyn G, Graviss EA. A systematic review of the diagnostic accuracy of physical examination
for the detection of cirrhosis. BMC Med Inform Decis Mak. 2001;1(1):6.

Choi DT, Kum H-C, Park S, Ohsfeldt RL, Shen Y, Parikh ND, et al. Hepatocellular carcinoma
screening is associated with increased survival of patients with cirrhosis. Clin Gastroenterol
Hepatol. 2019;17(5):976-87. e4.

Reiberger T, Ulbrich G, Ferlitsch A, Payer BA, Schwabl P, Pinter M, et al. Carvedilol for primary
prophylaxis of variceal bleeding in cirrhotic patients with haemodynamic non-response to

propranolol. Gut. 2013;62(11):1634-41.

Loulergue P, Pol S, Mallet V, Sogni P, Launay O, Group G. Why actively promote vaccination in
patients with cirrhosis? J Clin Virol. 2009;46(3):206-9.

160



145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Davis GL, Balart LA, Schiff ER, Lindsay K, Bodenheimer Jr HC, Perrillo RP, et al. Treatment of
chronic hepatitis C with recombinant interferon alfa. N Engl J Med. 1989;321(22):1501-6.

Schalm SW, Hansen BE, Chemello L, Bellobuono A, Brouwer JT, Weiland O, et al. Ribavirin
enhances the efficacy but not the adverse effects of interferon in chronic hepatitis C: meta-
analysis of individual patient data from European centers. ) Hepatol. 1997;26(5):961-6.

Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman M, Reindollar R, et al.
Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b plus ribavirin for initial
treatment of chronic hepatitis C: a randomised trial. The Lancet. 2001;358(9286):958-65.

Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, Gongales Ir FL, et al. Peginterferon
alfa-2a plus ribavirin for chronic hepatitis C virus infection. N Engl J Med. 2002;347(13):975-
82.

Jacobson IM, McHutchison JG, Dusheiko G, Di Bisceglie AM, Reddy KR, Bzowej NH, et al.
Telaprevir for previously untreated chronic hepatitis C virus infection. N Engl J Med.
2011;364(25):2405-16.

Poordad F, McCone Jr J, Bacon BR, Bruno S, Manns MP, Sulkowski MS, et al. Boceprevir for
untreated chronic HCV genotype 1 infection. N Engl J Med. 2011;364(13):1195-206.

Lok AS, Gardiner DF, Lawitz E, Martorell C, Everson GT, Ghalib R, et al. Preliminary study of
two antiviral agents for hepatitis C genotype 1. N Engl J Med. 2012;366(3):216-24.

Feld JJ, Jacobson IM, Hézode C, Asselah T, Ruane PJ, Gruener N, et al. Sofosbuvir and
velpatasvir for HCV genotype 1, 2, 4, 5, and 6 infection. N Engl J Med. 2015;373(27):2599-607.

Kwo PY, Poordad F, Asatryan A, Wang S, Wyles DL, Hassanein T, et al. Glecaprevir and
pibrentasvir yield high response rates in patients with HCV genotype 1-6 without cirrhosis. J
Hepatol. 2017;67(2):263-71.

European Association for The Study of The Liver (EASL). EASL recommendations on treatment
of hepatitis C 2018. J Hepatol. 2018;69(2):461-511.

Australian Government, General Statement for Drugs for the Treatment of Hepatitis C,
Pharmaceutical Benefits Scheme, 2021, accessed online on 23rd July 2021 at
https://www.pbs.gov.au/info/healthpro/explanatory-notes/general-statement-hep-c.

Hepatitis C Virus Infection Consensus Statement Working Group. Australian
recommendations for the management of hepatitis C virus infection: a consensus statement
(June 2020). Melbourne: Gastroenterological Society of Australia.

Wyles D, Brau N, Kottilil S, Daar ES, Ruane P, Workowski K, et al. Sofosbuvir and velpatasvir
for the treatment of hepatitis C virus in patients coinfected with human immunodeficiency

virus type 1: an open-label, phase 3 study. Clin Infect Dis. 2017;65(1):6-12.

Zeuzem S, Foster GR, Wang S, Asatryan A, Gane E, Feld JJ, et al. Glecaprevir—pibrentasvir for 8
or 12 weeks in HCV genotype 1 or 3 infection. N Engl J Med. 2018;378(4):354-69.

161



159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Forns X, Lee SS, Valdes J, Lens S, Ghalib R, Aguilar H, et al. Glecaprevir plus pibrentasvir for
chronic hepatitis Cvirus genotype 1, 2, 4, 5, or 6 infection in adults with compensated cirrhosis
(EXPEDITION-1): a single-arm, open-label, multicentre phase 3 trial. The Lancet Infect Dis.
2017;17(10):1062-8.

Afdhal N, Zeuzem S, Kwo P, Chojkier M, Gitlin N, Puoti M, et al. Ledipasvir and sofosbuvir for
untreated HCV genotype 1 infection. N Engl ] Med. 2014;370(20):1889-98.

Naggie S, Cooper C, Saag M, Workowski K, Ruane P, Towner WJ, et al. Ledipasvir and
sofosbuvir for HCV in patients coinfected with HIV-1. N Engl J Med. 2015;373(8):705-13.

Wilson E, Davitkov P, Kwo PY, Kattakuzhy S, Qureshi K, Sundaram V, et al. Real world
effectiveness of 8 vs 12 weeks of ledipasvir/sofosbuvir (LDV/SOF) in blacks with HCV: A
comparative analysis of clinical trials with real world cohorts. Proceeding of the 68" annual
meeting of the American Association for the Study of Liver Diseases; 2017 Oct 20-24;
Washington DC, USA. Hepatology; 2017.

Zeuzem S, Ghalib R, Reddy KR, Pockros PJ, Ari ZB, Zhao Y, et al. Grazoprevir—elbasvir
combination therapy for treatment-naive cirrhotic and noncirrhotic patients with chronic
hepatitis C virus genotype 1, 4, or 6 infection: a randomized trial. Ann Intern Med.
2015;163(1):1-13.

Rockstroh JK, Nelson M, Katlama C, Lalezari J, Mallolas J, Bloch M, et al. Efficacy and safety of
grazoprevir (MK-5172) and elbasvir (MK-8742) in patients with hepatitis C virus and HIV co-
infection (C-EDGE CO-INFECTION): a non-randomised, open-label trial. The Lancet HIV.
2015;2(8):e319-e27.

Afdhal N, Reddy KR, Nelson DR, Lawitz E, Gordon SC, Schiff E, et al. Ledipasvir and sofosbuvir
for previously treated HCV genotype 1 infection. N EnglJ Med. 2014;370(16):1483-93.

Reddy KR, Bourliere M, Sulkowski M, Omata M, Zeuzem S, Feld JJ, et al. Ledipasvir and
sofosbuvir in patients with genotype 1 hepatitis C virus infection and compensated cirrhosis:
an integrated safety and efficacy analysis. Hepatology. 2015;62(1):79-86.

Wei L, Zhdanov K, Burnevich E, Sheen I-S, Heo J, Nguyen V, et al. Efficacy and safety of
elbasvir/grazoprevir in treatment-naive patients with chronic HCV GT 1, GT 4 and GT 6
infection (C-CORAL): a Phase Ill randomized multinational clinical trial. J Hepatol.
2017;66(1):5S529.

Abergel A, Loustaud-Ratti V, Di Martino V, Gournay J, Larrey DG, Fouchard-Hubert |, et al.,
editors. High Efficacy and Safety of the combination HCV Regimen Grazoprevir and Elbasvir
for 8 Weeks in Treatment-Naive, non-severe fibrosis HCV GT1b-Infected Patients: Interim
Results of the STREAGER study. Proceeding of the 68" annual meeting of the American
Association for the Study of Liver Diseases; 2017 Oct 20-24; Washington DC, USA. Hepatology;
2017.

Wyles D, Saag M, Viani RM, Lalezari J, Adeyemi O, Bhatti L, et al. TURQUOISE-I Part 1b:

ombitasvir/paritaprevir/ritonavir and dasabuvir with ribavirin for hepatitis C virus infection in
HIV-1 coinfected patients on darunavir. J Infect Dis. 2017;215(4):599-6055.

162



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Dore GJ, Conway B, Luo Y, Janczewska E, Knysz B, Liu Y, et al. Efficacy and safety of
ombitasvir/paritaprevir/r and dasabuvir compared to IFN-containing regimens in genotype 1
HCV patients: The MALACHITE-I/Il trials. ) Hepatol. 2016;64(1):19-28.

Ferenci P, Bernstein D, Lalezari J, Cohen D, Luo Y, Cooper C, et al. ABT-450/r—ombitasvir and
dasabuvir with or without ribavirin for HCV. N Engl J Med. 2014;370(21):1983-92.

Agarwal K, Dumas EO, Gaeta GB, Lee S, Streinu-Cercel A, Schott E, et al. Long-term clinical
outcomes in HCV genotype 1-infected patients receiving ombitasvir/paritaprevir/ritonavir and
dasabuvirtribavirin: first interim safety and efficacy results from TOPAZ-l. Hepatology.
2016;64(1):427A.

Andreone P, Colombo MG, Enejosa JV, Koksal |, Ferenci P, Maieron A, et al. ABT-450, ritonavir,
ombitasvir, and dasabuvir achieves 97% and 100% sustained virologic response with or
without ribavirin in treatment-experienced patients with HCV genotype 1b infection.
Gastroenterology. 2014;147(2):359-65. el.

Feld JJ, Moreno C, Trinh R, Tam E, Bourgeois S, Horsmans Y, et al. Sustained virologic response
of 100% in HCV genotype 1b patients with cirrhosis receiving ombitasvir/paritaprevir/r and
dasabuvir for 12 weeks. J Hepatol. 2016;64(2):301-7.

Welzel TM, Asselah T, Dumas EO, Zeuzem S, Shaw D, Hazzan R, et al. Ombitasvir, paritaprevir,
and ritonavir plus dasabuvir for 8 weeks in previously untreated patients with hepatitis C virus
genotype 1b infection without cirrhosis (GARNET): a single-arm, open-label, phase 3b trial.
The Lancet Gastroenterol Hepatol. 2017;2(7):494-500.

Foster GR, Afdhal N, Roberts SK, Brau N, Gane EJ, Pianko S, et al. Sofosbuvir and velpatasvir
for HCV genotype 2 and 3 infection. N Engl J Med. 2015;373(27):2608-17.

Toyoda H, Chayama K, Suzuki F, Sato K, Atarashi T, Watanabe T, et al. Efficacy and safety of
glecaprevir/pibrentasvir in Japanese patients with chronic genotype 2 hepatitis C virus
infection. Hepatology. 2018;67(2):505-13.

Foster GR, Gane E, Asatryan A, Asselah T, Ruane PJ, Pol S, et al. ENDURANCE-3: safety and
efficacy of glecaprevir/pibrentasvir compared to sofosbuvir plus daclatasvir in treatment-
naive HCV genotype 3-infected patients without cirrhosis. J Hepatol. 2017;66(1):533.

Rockstroh J, Lacombe K, Viani R, Orkin C, Wyles D, Luetkemeyer A, et al. Efficacy and safety of
glecaprevir/pibrentasvir in patients co-infected with hepatitis C virus and human
immunodeficiency virus-1: the EXPEDITION-2 study. J Hepatol. 2017;66(1):5102-S3.

Wyles D, Poordad F, Wang S, Alric L, Felizarta F, Kwo PY, et al. Glecaprevir/pibrentasvir for
hepatitis C virus genotype 3 patients with cirrhosis and/or prior treatment experience: A
partially randomized phase 3 clinical trial. Hepatology. 2018;67(2):514-23.

Krishnan P, Pilot-Matias T, Schnell G, Tripathi R, Ng Tl, Reisch T, et al. Pooled resistance

analysis in HCV genotype 1-6 infected patients treated with glecaprevir/pibrentasvir in phase
2 and 3 clinical trials. Antimicrob Agents and Chemother. 2018:01249-18.

163



182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Hepatitis C Virus Infection Consensus Statement Working Group. Australian
recommendations for the management of hepatitis C virus infection: a consensus statement
(June 2020). Melbourne: Gastroenterological Society of Australia, 2020.

Jacobson IM, Lawitz E, Gane EJ, Willems BE, Ruane PJ, Nahass RG, et al. Efficacy of 8 weeks of
sofosbuvir, velpatasvir, and voxilaprevir in patients with chronic HCV infection: 2 phase 3
randomized trials. Gastroenterology. 2017;153(1):113-22.

Asselah T, Kowdley KV, Zadeikis N, Wang S, Hassanein T, Horsmans Y, et al. Efficacy of
glecaprevir/pibrentasvir for 8 or 12 weeks in patients with hepatitis C virus genotype 2, 4, 5,
or 6 infection without cirrhosis. Clin Gastroenterol Hepatol. 2018;16(3):417-26.

Kohli A, Kapoor R, Sims Z, Nelson A, Sidharthan S, Lam B, et al. Ledipasvir and sofosbuvir for
hepatitis C genotype 4: a proof-of-concept, single-centre, open-label phase 2a cohort study.
The Lancet Infect Dis. 2015;15(9):1049-54.

Abergel A, Metivier S, Samuel D, Jiang D, Kersey K, Pang PS, et al. Ledipasvir plus sofosbuvir
for 12 weeks in patients with hepatitis C genotype 4 infection. Hepatology. 2016;64(4):1049-
56.

Abergel A, Asselah T, Metivier S, Kersey K, Jiang D, Mo H, et al. Ledipasvir-sofosbuvir in
patients with hepatitis C virus genotype 5 infection: an open-label, multicentre, single-arm,
phase 2 study. The Lancet Infect Dis. 2016;16(4):459-64.

Curry MP, O’Leary JG, Bzowej N, Muir AJ, Korenblat KM, Fenkel JM, et al. Sofosbuvir and
velpatasvir for HCV in patients with decompensated cirrhosis. N Engl J Med.
2015;373(27):2618-28.

Poordad F, Schiff E, Vierling J, Landis C, Fontana R, Yang R, et al. LO8: Daclatasvir, sofosbuvir,
and ribavirin combination for HCV patients with advanced cirrhosis or posttransplant
recurrence: phase 3 ALLY-1 study. J Hepatol. 2015;62:5261-S2.

Charlton M, Everson GT, Flamm SL, Kumar P, Landis C, Brown Jr RS, et al. Ledipasvir and
sofosbuvir plus ribavirin for treatment of HCV infection in patients with advanced liver
disease. Gastroenterology. 2015;149(3):649-59.

McCaughan G, Thwaites PA, Roberts S, Strasser S, Mitchell J, Morales B, et al. Sofosbuvir and
daclatasvir therapy in patients with hepatitis C-related advanced decompensated liver disease
(MELD= 15). Aliment Pharmacol Ther. 2018;47(3):401-11.

Foster GR, Irving WL, Cheung MC, Walker AJ, Hudson BE, Verma S, et al. Impact of direct acting
antiviral therapy in patients with chronic hepatitis C and decompensated cirrhosis. J Hepatol.
2016;64(6):1224-31.

Manns M, Samuel D, Gane EJ, Mutimer D, McCaughan G, Buti M, et al. Ledipasvir and
sofosbuvir plus ribavirin in patients with genotype 1 or 4 hepatitis C virus infection and
advanced liver disease: a multicentre, open-label, randomised, phase 2 trial. The Lancet Infect
Dis. 2016;16(6):685-97.

164



194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Wang C, Ji D, Chen J, Shao Q, Li B, Liu J, et al. Hepatitis due to reactivation of hepatitis B virus
In endemic areas among patients with hepatitis C treated with direct-acting antiviral agents.
Clin Gastroenterol Hepatol. 2017;15(1):132-6.

Liu C-J, Chuang W-L, Sheen I-S, Wang H-Y, Chen C-Y, Tseng K-C, et al. Efficacy of ledipasvir and
sofosbuvir treatment of HCV infection in patients coinfected with HBV. Gastroenterology.
2018;154(4):989-97.

Lawitz E, Landis CS, Maliakkal B, Bonacini M, Ortiz-Lasanta G, Zhang J, et al. Safety and efficacy
of treatment with once-daily ledipasvir/sofosbuvir (90/400 mg) for 12 weeks in genotype 1
HCV-infected patients with severe renal impairment. Proceeding of the 68" annual meeting
of the American Association for the Study of Liver Diseases; 2017 Oct 20-24; Washington DC,
USA. Hepatology; 2017.

Pockros PJ, Reddy KR, Mantry PS, Cohen E, Bennett M, Sulkowski MS, et al. Efficacy of direct-
acting antiviral combination for patients with hepatitis C virus genotype 1 infection and severe
renal impairment or end-stage renal disease. Gastroenterology. 2016;150(7):1590-8.

Roth D, Nelson DR, Bruchfeld A, Liapakis A, Silva M, Monsour Jr H, et al. Grazoprevir plus
elbasvir in treatment-naive and treatment-experienced patients with hepatitis C virus
genotype 1 infection and stage 4-5 chronic kidney disease (the C-SURFER study): a
combination phase 3 study. The Lancet. 2015;386(10003):1537-45.

Gane E, Lawitz E, Pugatch D, Papatheodoridis G, Brau N, Brown A, et al. Glecaprevir and
pibrentasvir in patients with HCV and severe renal impairment. N Engl J Med.
2017;377(15):1448-55.

Garcia-Retortillo M, Forns X, Feliu A, Moitinho E, Costa J, Navasa M, et al. Hepatitis C virus
kinetics during and immediately after liver transplantation. Hepatology. 2002;35(3):680-7.

Berenguer M, Ferrell L, Watson J, Prieto M, Kim M, Rayon M, et al. HCV-related fibrosis
progression following liver transplantation: increase in recent vyears. J Hepatol.
2000;32(4):673-84.

Xiao S-Y, Lu L, Wang HL. Fibrosing cholestatic hepatitis: clinicopathologic spectrum, diagnosis
and pathogenesis. Int J Clin Exp Pathol. 2008;1(5):396.

Agarwal K, Castells L, Millhaupt B, Rosenberg WM, McNabb B, Arterburn S, et al.
Sofosbuvir/velpatasvir for 12 weeks in genotype 1-4 HCV-infected liver transplant recipients.
J Hepatol. 2018;69(3):603-7.

Reau N, Kwo PY, Rhee S, Brown Jr RS, Agarwal K, Angus P, et al. Glecaprevir/pibrentasvir
treatment in liver or kidney transplant patients with hepatitis C virus infection. Hepatology.
2018;68(4):1298-307.

Hadziyannis SJ, Sette H, Morgan TR, Balan V, Diago M, Marcellin P, et al. Peginterferon-a2a

and ribavirin combination therapy in chronic hepatitis C: a randomized study of treatment
duration and ribavirin dose. Ann Intern Med. 2004;140(5):346-55.

165



206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

Bruno S, Di Marco V, lavarone M, Roffi L, Crosignani A, Calvaruso V, et al. Survival of patients
with HCV cirrhosis and sustained virologic response is similar to the general population. J
Hepatol. 2016;64(6):1217-23.

Smith-Palmer J, Cerri K, Valentine W. Achieving sustained virologic response in hepatitis C: a
systematic review of the clinical, economic and quality of life benefits. BMC Infect Dis.
2015;15(1):19.

Chou R, Hartung D, Rahman B, Wasson N, Cottrell EB, Fu R. Comparative effectiveness of
antiviral treatment for hepatitis C virus infection in adults: a systematic review. Ann Intern
Med. 2013;158(2):114-23.

Mandorfer M, Kozbial K, Schwabl P, Freissmuth C, Schwarzer R, Stern R, et al. Sustained
virologic response to interferon-free therapies ameliorates HCV-induced portal hypertension.
J Hepatol. 2016;65(4):692-9.

Backus LI, Belperio PS, Shahoumian TA, Mole LA. Impact of sustained virologic response with
direct-acting antiviral treatment on mortality in patients with advanced liver disease.
Hepatology. 2019;69(2):487-97.

Nahon P, Bourcier V, Layese R, Audureau E, Cagnot C, Marcellin P, et al. Eradication of hepatitis
C virus infection in patients with cirrhosis reduces risk of liver and non-liver complications.
Gastroenterology. 2017;152(1):142-56. e2.

Backus LI, Belperio PS, Shahoumian TA, Mole LA. Direct-acting antiviral sustained virologic
response: impact on mortality in patients without advanced liver disease. Hepatology.
2018;68(3):827-38.

Cheung MC, Walker AJ, Hudson BE, Verma S, MclLauchlan J, Mutimer DJ, et al. Outcomes after
successful direct-acting antiviral therapy for patients with chronic hepatitis C and
decompensated cirrhosis. J Hepatol. 2016;65(4):741-7.

Lens S, Alvarado-Tapias E, Marifio Z, Londoiio M-C, LLop E, Martinez J, et al. Effects of all-oral
anti-viral therapy on HVPG and systemic hemodynamics in patients with hepatitis C virus-
associated cirrhosis. Gastroenterology. 2017;153(5):1273-83. el.

Crespo G, Trota N, Londofio M-C, Mauro E, Baliellas C, Castells L, et al. The efficacy of direct
anti-HCV drugs improves early post-liver transplant survival and induces significant changes
in waiting list composition. J Hepatol. 2018;69(1):11-7.

Pascasio JM, Vinaixa C, Ferrer MT, Colmenero J, Rubin A, Castells L, et al. Clinical outcomes of
patients undergoing antiviral therapy while awaiting liver transplantation. J Hepatol.
2017;67(6):1168-76.

Murphy EL, Bryzman SM, Glynn SA, Ameti DI, Thomson RA, Williams AE, et al. Risk factors for
hepatitis C virus infection in United States blood donors. Hepatology. 2000;31(3):756-62.

Nelson PK, Mathers BM, Cowie B, Hagan H, Des Jarlais D, Horyniak D, et al. Global

epidemiology of hepatitis B and hepatitis C in people who inject drugs: results of systematic
reviews. The Lancet. 2011;378(9791):571-83.

166



219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

Paintsil E, He H, Peters C, Lindenbach BD, Heimer R. Survival of hepatitis C virus in syringes:
implication for transmission among injection drug users. J Infect Dis. 2010;202(7):984-90.

Hagan H, Pouget ER, Des Jarlais DC, Lelutiu-Weinberger C. Meta-regression of hepatitis C virus
infection in relation to time since onset of illicit drug injection: the influence of time and place.
Am J Epidemiol. 2008;168(10):1099-109.

Platt L, Minozzi S, Reed J, Vickerman P, Hagan H, French C, et al. Needle syringe programmes
and opioid substitution therapy for preventing hepatitis C transmission in people who inject
drugs. Cochrane Database Syst Rev. 2017(9).

Razali K, Thein HH, Bell J, Cooper-Stanbury M, Dolan K, Dore G, et al. Modelling the hepatitis
C virus epidemic in Australia. Drug Alcohol Depend. 2007;91(2-3):228-35.

Pomper GJ, Wu Y, Snyder EL. Risks of transfusion-transmitted infections: 2003. Curr Opin
Hematol. 2003;10(6):412-8.

Tabor E, Epstein JS. NAT screening of blood and plasma donations: evolution of technology
and regulatory policy. Transfusion. 2002;42(9):1230-7.

MacDonald M, Crofts, N., Wodak, A., & Kaldor, J. (2001). Transmission of the hepatitis C virus
infection. In N. Crofts & G. Dore (Eds.), Hepatitis C: An Australian Perspective (pp. 209-219).
Melbourne: IP Communications.

Alter HJ, Purcell RH, Shih JW, Melpolder JC, Houghton M, Choo Q-L, et al. Detection of
antibody to hepatitis C virus in prospectively followed transfusion recipients with acute and
chronic non-A, non-B hepatitis. N Engl ] Med. 1989;321(22):1494-500.

Aach RD, Stevens CE, Hollinger FB, Mosley JW, Peterson DA, Taylor PE, et al. Hepatitis C virus
infection in post-transfusion hepatitis: an analysis with first-and second-generation assays. N
Engl ) Med. 1991;325(19):1325-9.

Mauser-Bunschoten E, Roosendaal G, van den Berg H, Bresters D, van Drimmelen A, Cuypers
H, et al. Hepatitis C infection and viremia in Dutch hemophilia patients. J Med Virol.
1995;45(3):241-6.

Transfusion-transmissible infections in Australia: 2017 Surveillance Report. Kirby Institute US,
and the Australian Red Cross Blood Service; 2017.

Thursz M, Fontanet A. HCV transmission in industrialized countries and resource-constrained
areas. Nat Rev Gastroenterol Hepatol. 2014;11(1):28.

Thompson ND, Perz JF, Moorman AC, Holmberg SD. Nonhospital health care—associated
hepatitis B and C virus transmission: United States, 1998-2008. Ann Intern Med.
2009;150(1):33-9.

Kim JY, Cho J, Hwang SH, Kil H, Bae SH, Kim YS, et al. Behavioral and healthcare-associated risk
factors for chronic hepatitis C virus infection in Korea. J Korean Med Sci. 2012;27(11):1371-7.

167



233.

234.

235.

236.

237.

238.

239.

240.

241.

242.

243.

244,

245,

246.

Gutelius B, Perz JF, Parker MM, Hallack R, Stricof R, Clement EJ, et al. Multiple clusters of
hepatitis virus infections associated with anesthesia for outpatient endoscopy procedures.
Gastroenterology. 2010;139(1):163-70.

Hatia RI, Dimitrova Z, Skums P, Teo EYL, Teo CG. Nosocomial hepatitis C virus transmission
from tampering with injectable anesthetic opioids. Hepatology. 2015;62(1):101-10.

Krause G, Trepka MJ, Whisenhunt RS, Katz D, Nainan O, Wiersma ST, et al. Nosocomial
transmission of hepatitis C virus associated with the use of multidose saline vials. Infect
Control Hosp Epidemiol. 2003;24(2):122-7.

Pereira BJ, Milford EL, Kirkman RL, Levey AS. Transmission of hepatitis C virus by organ
transplantation. N Engl J Med. 1991;325(7):454-60.

Kling C, Perkins J, Landis C, Limaye A, Sibulesky L. Utilization of organs from donors according
to hepatitis C antibody and nucleic acid testing status: time for change. Am J Transplant.
2017;17(11):2863-8.

Levitsky J, Formica R, Bloom R, Charlton M, Curry M, Friedewald J, et al. The American Society
of Transplantation Consensus Conference on the use of hepatitis C viremic donors in solid
organ transplantation. Am J Transplant. 2017;17(11):2790-802.

White SL, Rawlinson W, Boan P, Sheppeard V, Wong G, Waller K, et al. Transmission in Solid
Organ Transplantation: Donor Evaluation, Recipient Risk, and Outcomes of Transmission.
Transplant Direct. 2018 Dec 20;5(1):e416..

Strickland GT. Liver disease in Egypt: hepatitis C superseded schistosomiasis as a result of
iatrogenic and biological factors. Hepatology. 2006;43(5):915-22.

Everhart JE, Di Bisceglie AM, Murray LM, Alter HJ, Melpolder JJ, Kuo G, et al. Risk for non-A,
non-B (type C) hepatitis through sexual or household contact with chronic carriers. Ann Intern
Med. 1990;112(7):544-5.

Dienstag JL. Sexual and perinatal transmission of hepatitis C. Hepatology. 1997;26(S3):66S-
70S.

Terrault NA, Dodge JL, Murphy EL, Tavis JE, Kiss A, Levin T, et al. Sexual transmission of
hepatitis C virus among monogamous heterosexual couples: the HCV partners study.
Hepatology. 2013;57(3):881-9.

Vandelli C, Renzo F, Romano L, Tisminetzky S, De Palma M, Stroffolini T, et al. Lack of evidence
of sexual transmission of hepatitis C among monogamous couples: results of a 10-year
prospective follow-up study. Am J Gastroenterol 2004;99(5):855-859.

Tohme RA, Holmberg SD. Is sexual contact a major mode of hepatitis C virus transmission?
Hepatology. 2010;52(4):1497-505.

van de Laar T, Pybus O, Bruisten S, Brown D, Nelson M, Bhagani S, et al. Evidence of a large,
international network of HCV transmission in HIV-positive men who have sex with men.
Gastroenterology. 2009;136(5):1609-17.

168



247.

248.

249.

250.

251.

252.

253.

254,

255.

256.

257.

258.

259.

260.

Matthews GV, Hellard M, Kaldor J, Lloyd A, Dore GJ. Further evidence of HCV sexual
transmission among HIV-positive men who have sex with men: response to Danta et al. AIDS.
2007;21(15):2112-3.

Ohto H, Terazawa S, Sasaki N, Sasaki N, Hino K, Ishiwata C, et al. Transmission of hepatitis C
virus from mothers to infants. N Engl J Med. 1994;330(11):744-50.

Benova L, Mohamoud YA, Calvert C, Abu-Raddad LJ. Vertical transmission of hepatitis C virus:
systematic review and meta-analysis. Clin Infect Dis. 2014;59(6):765-73.

Conte D, Fraquelli M, Prati D, Colucci A, Minola E. Prevalence and clinical course of chronic
hepatitis C virus (HCV) infection and rate of HCV vertical transmission in a cohort of 15,250
pregnant women. Hepatology. 2000;31(3):751-5.

Ko YC, Ho MS, Chiang TA, Chang SJ, Chang PY. Tattooing as a risk of hepatitis C virus infection.
J Med Virol. 1992;38(4):288-91.

Nishioka SdA, Gyorkos T, Joseph L, Collet J-P, Maclean J. Tattooing and risk for transfusion-
transmitted diseases: the role of the type, number and design of the tattoos, and the
conditions in which they were performed. Epidemiol Infect. 2002;128(1):63-711.

Carney K, Dhalla S, Aytaman A, Tenner CT, Francois F. Association of tattooing and hepatitis C
virus infection: a multicenter case-control study. Hepatology. 2013;57(6):2117-23.

Blach S, Zeuzem S, Manns M, Altraif |, Duberg A-S, Muljono DH, et al. Global prevalence and
genotype distribution of hepatitis C virus infection in 2015: a modelling study. The Lancet
Gastroenterol Hepatol. 2017;2(3):161-76.

Australian Government. Hepatitis C (newly acquired) case definition. Canberra: Australia;
2020 [access online 25th March 2020]. Available from:
https://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-nndss-
casedefs-cd hepcnew.html

The Kirby Institute. Hepatitis B and C in Australia Annual Surveillance Report Supplement
2016. The Kirby Institute, UNSW Australia, Sydney NSW 2052.

The Kirby Institute. Monitoring hepatitis C treatment uptake in Australia (Issue 10). The Kirby
Institute, UNSW, NSW, Australia, June 2019 (available online at:
https://kirby.unsw.edu.au/report/monitoring-hepatitis-c-treatment-uptake-australia-issue-
10-june-2019).

McCaw R, Moaven L, Locarnini S, Bowden D. Hepatitis C virus genotypes in Australia. J Viral
Hepat. 1997;4(5):351-7.

Larney S, Kopinski H, Beckwith CG, Zaller ND, Jarlais DD, Hagan H, et al. Incidence and
prevalence of hepatitis C in prisons and other closed settings: results of a systematic review
and meta-analysis. Hepatology. 2013;58(4):1215-24.

Dolan K, Wirtz AL, Moazen B, Ndeffo-mbah M, Galvani A, Kinner SA, et al. Global burden of

HIV, viral hepatitis, and tuberculosis in prisoners and detainees. The Lancet.
2016;388(10049):1089-102.

169



261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

Butler T, Simpson M. National Prison Entrants’ Blood-borne Virus Survey Report 2004, 2007,
2010, 2013, and 2016. Kirby Institute (UNSW Sydney). 2017. ISBN-13: 978-0-7334-3772-4.

Luciani F, Bretafia NA, Teutsch S, Amin J, Topp L, Dore GJ, et al. A prospective study of hepatitis
Cincidence in Australian prisoners. Addiction. 2014;109(10):1695-706.

Cunningham E, Hajarizadeh B, Bretana N, Amin J, Betz-Stablein B, Dore G, et al. Ongoing
incident hepatitis C virus infection among people with a history of injecting drug use in an
Australian prison setting, 2005-2014: The HITS-p study. J Viral Hepatcunning. 2017;24(9):733-
41.

Stone J, Fraser H, Lim AG, Walker JG, Ward Z, MacGregor L, et al. Incarceration history and
risk of HIV and hepatitis C virus acquisition among people who inject drugs: a systematic
review and meta-analysis. The Lancet Infect Dis. 2018;18(12):1397-409.

Beyrer C, Jittiwutikarn J, Teokul W, Razak MH, Suriyanon V, Srirak N, et al. Drug use, increasing
incarceration rates, and prison-associated HIV risks in Thailand. AIDS Behav. 2003;7(2):153-
61.

World Health Organisation. Multi-city study on drug injecting and risk of HIV infection: A
report prepared on behalf of the WHO international collaborative group. World Health
Organization; 1994.

Winter RJ, Stoové M, Agius PA, Hellard ME, Kinner SA. Injecting drug use is an independent
risk factor for reincarceration after release from prison: A prospective cohort study. Drug
Alcohol Rev. 2019;38(3):254-63.

Degenhardt L, Peacock A, Colledge S, Leung J, Grebely J, Vickerman P, et al. Global prevalence
of injecting drug use and sociodemographic characteristics and prevalence of HIV, HBV, and
HCV in people who inject drugs: a multistage systematic review. Lancet Glob Health.
2017;5(12):e1192-e207.

World Health Organization. Global health sector strategy on viral hepatitis, 2016—2021:
towards ending viral hepatitis. 2016. Accessed online in January 2018 at:
http://apps.who.int/iris/bitstream/10665/246177/1/WHO-HIV-2016.06-eng.pdf.

Scott N, Doyle JS, Wilson DP, Wade A, Howell J, Pedrana A, et al. Reaching hepatitis C virus
elimination targets requires health system interventions to enhance the care cascade. Int J
Drug Policy. 2017;47:107-16.

Olafsson S, Tyrfingsson T, Runarsdéttir V, Bergmann O, Hansdéttir |, Bjérnsson ES, et al.
Treatment as Prevention for Hepatitis C (TraP Hep C)—a nationwide elimination programme in
Iceland using direct-acting antiviral agents. J Intern Med. 2018;283(5):500-7.

Cousien A, Leclerc P, Morissette C, Bruneau J, Roy E, Tran VC, et al. The need for treatment
scale-up to impact HCV transmission in people who inject drugs in Montréal, Canada: a
modelling study. BMC Infect Dis. 2017;17(1):162.

Martin NK, Vickerman P, Dore GJ, Grebely J, Miners A, Cairns J, et al. Prioritization of HCV

treatment in the direct-acting antiviral era: an economic evaluation. J Hepatol. 2016;65(1):17-
25.

170



274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

286.

287.

Scott N, McBryde ES, Thompson A, Doyle JS, Hellard ME. Treatment scale-up to achieve global
HCV incidence and mortality elimination targets: a cost-effectiveness model. Gut.
2017;66(8):1507-15.

Stone J, Martin NK, Hickman M, Hutchinson SJ, Aspinall E, Taylor A, et al. Modelling the impact
of incarceration and prison-based hepatitis C virus (HCV) treatment on HCV transmission
among people who inject drugs in Scotland. Addiction. 2017;112(7):1302-14.

Martin NK, Vickerman P, Brew IF, Williamson J, Miners A, Irving WL, et al. Is increased hepatitis
C virus case-finding combined with current or 8-week to 12-week direct-acting antiviral
therapy cost-effective in UK prisons? A prevention benefit analysis. Hepatology.
2016;63(6):1796-808.

Enggist S, Mgller L, Galea G, Udesen C. Prisons and health: WHO Regional Office for Europe;
2014.

Hatzakis A, Wait S, Bruix J, Buti M, Carballo M, Cavaleri M, et al. The state of hepatitis B and C
in Europe: report from the hepatitis B and C summit conference. J Viral Hepat. 2011;18:1-16.

Spaulding AC, Weinbaum CM, Lau DT-Y, Sterling R, Seeff LB, Margolis HS, et al. A framework
for management of hepatitis C in prisons. Ann Intern Med. 2006;144(10):762-9.

Beckwith CG, Kurth AE, Bazerman L, Solomon L, Patry E, Rich JD, et al. Survey of US correctional
institutions for routine HCV testing. Am J Public Health. 2015;105(1):68-71.

Imperial JC. Chronic hepatitis C in the state prison system: insights into the problems and
possible solutions. Expert Rev Gastroenterol Hepatol. 2010;4(3):355-64.

Kuncio DE, Newbern EC, Fernandez-Vifia MH, Herdman B, Johnson CC, Viner KM. Comparison
of risk-based hepatitis C screening and the true seroprevalence in an urban prison system. J
Urban Health. 2015;92(2):379-86.

De P, Connor N, Bouchard F, Sutherland D. HIV and hepatitis C virus testing and seropositivity
rates in Canadian federal penitentiaries: A critical opportunity for care and prevention. Can J
Infect Dis. 2004;15(4):221-5.

Kirwan P, Evans B, Group SSoHTS, Brant L. Hepatitis C and B testing in English prisons is low
but increasing. J Public Health. 2011;33(2):197-204.

Rich JD, Beckwith CG, Macmadu A, Marshall BD, Brinkley-Rubinstein L, Amon JJ, et al. Clinical
care of incarcerated people with HIV, viral hepatitis, or tuberculosis. The Lancet.
2016;388(10049):1103-14.

Post JJ, Arain A, Lloyd AR. Enhancing assessment and treatment of hepatitis C in the custodial
setting. Clin Infect Dis. 2013;57:570-54.

Khaw F-M, Stobbart L, Murtagh MJ. 'l just keep thinking | haven't got it because I'm not yellow":

a qualitative study of the factors that influence the uptake of Hepatitis C testing by prisoners.
BMC public health. 2007;7(1):98.

171



288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

Hickman M, McDonald T, Judd A, Nichols T, Hope V, Skidmore S, et al. Increasing the uptake
of hepatitis C virus testing among injecting drug users in specialist drug treatment and prison
settings by using dried blood spots for diagnostic testing: a cluster randomized controlled trial.
J Viral Hepat. 2008;15(4):250-4.

Hochstatter KR, Stockman LJ, Holzmacher R, Greer J, Seal DW, Taylor QA, et al. The continuum
of hepatitis C care for criminal justice involved adults in the DAA era: a retrospective cohort
study demonstrating limited treatment uptake and inconsistent linkage to community-based
care. Health Justice. 2017;5(1):10.

Humphreys C, Railton C, O'Moore E, Lombard M, Newton A. An audit of hepatitis C service
provision in a representative sample of prisons in England. J Public Health. 2015;37(1):151-6.

Mina MM, Herawati L, Butler T, Lloyd A. Hepatitis C in Australian prisons: a national needs
assessment. Int J Prison Health. 2016;12(1):3-16.

Yap L, Carruthers S, Thompson S, Cheng W, Jones J, Simpson P, et al. A descriptive model of
patient readiness, motivators, and hepatitis C treatment uptake among Australian prisoners.
PLoS One. 2014;9(2):e87564.

James DJ, Glaze LE. Mental health problems of prison and jail inmates (Bureau of Justice
Statistics Special Report, NCJ 213600). Washington, DC: Department of Justice. 2006.

Kramer JR, Kanwal F, Richardson P, Mei M, El-Serag HB. Gaps in the achievement of
effectiveness of HCV treatment in national VA practice. J Hepatol. 2012;56(2):320-5.

Rosenthal ES, Graham CS. Price and affordability of direct-acting antiviral regimens for
hepatitis C virus in the United States. Infect Agents Cancer. 2016;11(1):24.

Farley JD, Wong VK, Chung HV, Lim E, Walters G, Farley TA, et al. Treatment of chronic
hepatitis C in Canadian prison inmates. Can J Gastroenterol Hepatol. 2005;19(3):153-6.

Sabbatani S, Giuliani R, Manfredi R. Combined pegylated interferon and ribavirin for the
management of chronic hepatitis C in a prison setting. Braz J Infect Dis. 2006;10(4):274-8.

Chew KW, Allen SA, Taylor LE, Rich ID, Feller E. Treatment outcomes with pegylated interferon
and ribavirin for male prisoners with chronic hepatitis C. J Clin Gastroenterol. 2009;43(7):686.

Strock P, Mossong J, Hawotte K, Arendt V. Access to treatment of hepatitis Cin prison inmates.
Dig Dis Sci. 2009;54(6):1325.

Simonovic¢-Babic J, Bojovic¢ K, Deli¢ D, Katani¢ N, Mitrovi¢ N, Malini¢ J. Antiviral treatment of
hepatitis C in Serbian prison setting: Medical treatment outcomes and patients' adherence.
Med Pregl. 2016;69(3-4):85-91.

Maru DS-R, Bruce RD, Basu S, Altice FL. Clinical outcomes of hepatitis C treatment in a prison
setting: feasibility and effectiveness for challenging treatment populations. Clin Infect Dis.

2008;47(7):952-61.

Aspinall EJ, Mitchell W, Schofield J, Cairns A, Lamond S, Bramley P, et al. A matched
comparison study of hepatitis C treatment outcomes in the prison and community setting,

172



303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

and an analysis of the impact of prison release or transfer during therapy. J Viral Hepat.
2016;23(12):1009-16.

Sterling RK, Cherian R, Lewis S, Genther K, Driscoll C, Martin K, et al. Treatment of HCV in the
department of corrections in the era of oral medications. J Correct Health Care.
2018;24(2):127-36.

Blogg J, Wood J, McGrath C, Lobo C. Eradicating hepatitis C from the New South Wales prison
system. Med J Aust. 2018;208(6):276.

Bartlett SR, Fox P, Cabatingan H, Jaros A, Gorton C, Lewis R, et al. Demonstration of near-
elimination of hepatitis C virus among a prison population: the Lotus Glen Correctional Centre
hepatitis C treatment project. Clin Infect Dis. 2018;67(3):460-3.

Cuadrado A, Llerena S, Cobo C, Pallas JR, Mateo M, Cabezas J, et al. Microenvironment
eradication of hepatitis C: a novel treatment paradigm. Am J Gastroenterol.
2018;113(11):1639-48.

Bhandari A, van Dooren K, Eastgate G, Lennox N, Kinner SA. Comparison of social
circumstances, substance use and substance-related harm in soon-to-be-released prisoners
with and without intellectual disability. J Intellect Disabil Res. 2015;59(6):571-9.

Jimenez-Galan G, Alia-Alia C, Vegue-Gonzalez M, Garcia-Berriguete RM, Fernandez-Gonzalez
F, Fernandez-Rodriguez C, et al. The contribution of telemedicine to hepatitis C elimination in
a correctional facility. Rev Esp Enferm Dig. 2019;111(7):550-6.

Mokkarala S, Johnson C, Sarkar S, Rudas RJ. Family Practitioner—Directed Hepatitis C Therapy
With Direct-Acting Antivirals Achieves High-Sustained Virologic Response in Prison
Population. J Correct Health Care. 2019;25(2):134-42.

Overton K, Clegg J, Pekin F, Wood J, McGrath C, Lloyd A, et al. Outcomes of a nurse-led model
of care for hepatitis C assessment and treatment with direct-acting antivirals in the custodial
setting. Int J Drug Policy. 2019;72:123-8.

Department of Justice & Regulation — Corrections Victoria. Monthly TimeSeries Prisoner and
Offender Data. State Government of Victoria, 2020 accessed online 3rd May 2020 at
https://www.corrections.vic.gov.au/prisons/prisoner-and-offender-statistics.

Australian Institute of Health and Welfare. National opioid pharmacotherapy statistics 2016.
Australia Government, 2019 accessed online 3rd May 2020 at
https://www.aihw.gov.au/reports/alcohol-other-drug-treatment-services/national-opioid-
pharmacotherapy-statistics-2019/contents/introduction.

Nally JM, Lockwood S, Ho T, Knutson K. Post-Release Recidivism and Employment among
Different Types of Released Offenders: A 5-Year follow-up Study in the United States. Int J
Crim Justice Sci. 2014;9(1).

Skardhamar T, Telle K. Post-release employment and recidivism in Norway. J Quant Criminol.
2012;28(4):629-49.

Aaltonen M. Post-release employment of desisting inmates. Br J Criminol. 2016;56(2):350-69.

173



316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

Visher CA, Debus-Sherrill SA, Yahner J. Employment after prison: A longitudinal study of
former prisoners. Justice Q. 2011;28(5):698-718.

Cook PJ, Kang S, Braga AA, Ludwig J, O’'Brien ME. An experimental evaluation of a
comprehensive employment-oriented prisoner re-entry program. J Quant Criminol.
2015;31(3):355-82.

Duwe G. The benefits of keeping idle hands busy: An outcome evaluation of a prisoner reentry
employment program. CAD. 2015;61(4):559-86.

Willis M. Supported housing for prisoners returning to the community: A review of the
literature. AIC reports. Research Report Series. 2018:vii.

Baldry E, McDonnell D, Maplestone P, Peeters M. Ex-prisoners, homelessness and the state in
Australia. Aust N Z J Criminol. 2006;39(1):20-33.

Harding DJ, Morenoff JD, Herbert CW. Home is hard to find: Neighborhoods, institutions, and
the residential trajectories of returning prisoners. Ann Am Acad Pol Soc Sci. 2013;647(1):214-
36.

Geller A, Curtis MA. A sort of homecoming: Incarceration and the housing security of urban
men. Soc Sci Res. 2011;40(4):1196-213.

Kinner S. The post-release experience of prisoners in Queensland: Australian Institute of
Criminology Canberra; 2006.

Winter R, Young J, Stoove M, Agius P, Hellard M, Kinner S. Resumption of injecting drug use
following release from prison in Australia. Drug Alcohol Depend. 2016;168:104-11.

Cepeda JA, Niccolai LM, Lyubimova A, Kershaw T, Levina O, Heimer R. High-risk behaviors after
release from incarceration among people who inject drugs in St. Petersburg, Russia. Drug
Alcohol Depend. 2015;147:196-202.

Binswanger IA, Blatchford PJ, Lindsay RG, Stern MF. Risk factors for all-cause, overdose and
early deaths after release from prison in Washington state. Drug Alcohol Depend.
2011;117(1):1-6.

Binswanger IA, Stern MF, Deyo RA, Heagerty PJ, Cheadle A, Elmore JG, et al. Release from
prison—a high risk of death for former inmates. N Engl J Med. 2007;356(2):157-65.

Winter RJ, Stoove M, Degenhardt L, Hellard ME, Spelman T, Jenkinson R, et al. Incidence and
predictors of non-fatal drug overdose after release from prison among people who inject
drugs in Queensland, Australia. Drug Alcohol Depend. 2015;153:43-9.

Kinner SA, Milloy M, Wood E, Qi J, Zhang R, Kerr T. Incidence and risk factors for non-fatal
overdose among a cohort of recently incarcerated illicit drug users. Addict Behav.

2012;37(6):691-6.

Kinner SA, Wang EA. The case for improving the health of ex-prisoners. Am J Public Health.
2014;104(8):1352-5.

174



331.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

Wang EA, Hong CS, Samuels L, Shavit S, Sanders R, Kushel M. Transitions clinic: creating a
community-based model of health care for recently released California prisoners. Public
Health Rep. 2010;125(2):171-7.

Mallik-Kane K, Visher CA. Health and prisoner reentry: How physical, mental, and substance
abuse conditions shape the process of reintegration: Urban Institute Justice Policy Center
Washington, DC; 2008.

Wang EA, White MC, Jamison R, Goldenson J, Estes M, Tulsky JP. Discharge planning and
continuity of health care: findings from the San Francisco County Jail. Am J Public Health.
2008;98(12):2182-4.

Lincoln T, Kennedy S, Tuthill R, Roberts C, Conklin TJ, Hammett TM. Facilitators and barriers
to continuing healthcare after jail: a community-integrated program. J Ambul Care Manage.
2006;29(1):2-16.

Hammett TM, Donahue S, LeRoy L, Montague BT, Rosen DL, Solomon L, et al. Transitions to
care in the community for prison releasees with HIV: a qualitative study of facilitators and
challenges in two states. J Urban Health. 2015;92(4):650-66.

Westergaard RP, Spaulding AC, Flanigan TP. HIV among persons incarcerated in the US: a
review of evolving concepts in testing, treatment and linkage to community care. Curr Opin
Infect Dis. 2013;26(1):10.

Baillargeon J, Giordano TP, Rich JD, Wu ZH, Wells K, Pollock BH, et al. Accessing antiretroviral
therapy following release from prison. JAMA. 2009;301(8):848-57.

Montague BT, Rosen DL, Sammartino C, Costa M, Gutman R, Solomon L, et al. Systematic
assessment of linkage to care for persons with HIV released from corrections facilities using
existing datasets. AIDS Patient Care STDS. 2016;30(2):84-91.

Springer SA, Azar MM, Altice FL. HIV, alcohol dependence, and the criminal justice system: a
review and call for evidence-based treatment for released prisoners. Am J Drug Alcohol Abuse.
2011;37(1):12-21.

Loeliger KB, Altice FL, Desai MM, Ciarleglio MM, Gallagher C, Meyer JP. Predictors of linkage
to HIV care and viral suppression after release from jails and prisons: a retrospective cohort
study. Lancet HIV. 2018;5(2):e96-e106.

Meyer JP, Qiu J, Chen NE, Larkin GL, Altice FL. Emergency department use by released
prisoners with HIV: an observational longitudinal study. PLoS One. 2012;7(8):e0042416.

Haley DF, Golin CE, Farel CE, Wohl DA, Scheyett AM, Garrett JJ, et al. Multilevel challenges to
engagement in HIV care after prison release: a theory-informed qualitative study comparing
prisoners’ perspectives before and after community reentry. BMC Public Health.
2014;14(1):1253.

Yanes-Lane M, Dussault C, Linthwaite B, Cox J, Klein MB, Sebastiani G, et al. Using the barriers
and facilitators to linkage to HIV care to inform hepatitis C virus (HCV) linkage to care
strategies for people released from prison: findings from a systematic review. J Viral Hepat.
2020;27(2):205-20.

175



344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

Erlyana E, Fisher DG, Reynolds GL. Emergency room use after being released from
incarceration. Health Justice. 2014;2(1):5.

Alan J, Burmas M, Preen D, Pfaff J. Inpatient hospital use in the first year after release from
prison: a Western Australian population-based record linkage study. Aust N Z J Public Health.
2011;35(3):264-9.

Binswanger IA, Nowels C, Corsi KF, Glanz J, Long J, Booth RE, et al. Return to drug use and
overdose after release from prison: a qualitative study of risk and protective factors. Addict
Sci Clin Pract. 2012;7(1):3.

Visher CA, Bakken NW. Reentry challenges facing women with mental health problems.
Women Health. 2014;54(8):768-80.

Baillargeon J, Penn JV, Knight K, Harzke AJ, Baillargeon G, Becker EA. Risk of reincarceration
among prisoners with co-occurring severe mental illness and substance use disorders. Adm
Policy Ment Health. 2010;37(4):367-744.

Herbert K, Plugge E, Foster C, Doll H. Prevalence of risk factors for non-communicable diseases
in prison populations worldwide: a systematic review. The Lancet. 2012;379(9830):1975-82.

Fox AD, Anderson MR, Bartlett G, Valverde J, Starrels JL, Cunningham CO. Health outcomes
and retention in care following release from prison for patients of an urban post-incarceration
transitions clinic. ) Health Care Poor Underserved. 2014;25(3):1139.

Western B, Braga AA, Davis J, Sirois C. Stress and hardship after prison. Am J Sociol.
2015;120(5):1512-47.

Fontaine J, Gilchrist-Scott D, Denver M, Rossman SB. Families and reentry: Unpacking how
social support matters. Retrieved from the website of the Urban Institute: http://www. urban.
org/research/publication/families-and-reentry-unpacking-how-social-support-matters. 2012.

Berg MT, Huebner BM. Reentry and the ties that bind: An examination of social ties,
employment, and recidivism. Justice Q. 2011;28(2):382-410.

Naser RL, La Vigne NG. Family support in the prisoner reentry process: Expectations and
realities. J Offernder Rehabil. 2006;43(1):93-106.

Rich JD, Holmes L, Salas C, Macalino G, Davis D, Ryczek J, et al. Successful linkage of medical
care and community services for HIV-positive offenders being released from prison. J Urban
Health. 2001;78(2):279-89.

Fuller SM, Koester KA, Maiorana A, Steward WT, Broaddus MR, Lass K, et al. “l don’t have to
do this all by myself”: Systems Navigation to Ensure Continuity of HIV Care for Persons Leaving
Prison. AIDS Behav. 2019;23(1):14-24.

Draine J, Ahuja D, Altice FL, Arriola KJ, Avery AK, Beckwith CG, et al. Strategies to enhance

linkages between care for HIV/AIDS in jail and community settings. AIDS care. 2011;23(3):366-
77.

176



358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

Booker CA, Flygare CT, Solomon L, Ball SW, Pustell MR, Bazerman LB, et al. Linkage to HIV care
for jail detainees: findings from detention to the first 30 days after release. AIDS Behav.
2013;17(2):128-36.

Myers JJ, Kang Dufour M-S, Koester KA, Morewitz M, Packard R, Monico Klein K, et al. The
effect of patient navigation on the likelihood of engagement in clinical care for HIV-infected
individuals leaving jail. Am J Public Health. 2018;108(3):385-92.

Kemnitz R, Kuehl TC, Hochstatter KR, Barker E, Corey A, Jacobs EA, et al. Manifestations of HIV
stigma and their impact on retention in care for people transitioning from prisons to
communities. Health Justice. 2017;5(1):7.

Hopkin G, Evans-Lacko S, Forrester A, Shaw J, Thornicroft G. Interventions at the transition
from prison to the community for prisoners with mental illness: a systematic review. Adm
Policy Ment Health. 2018;45(4):623-34.

Avery A, Ciomica R, Gierlach M, Machekano R. Jail-based case management improves
retention in HIV care 12 months post release. AIDS Behav. 2019;23(4):966-72.

Brantley AD, Page KM, Zack B, Friedrich KR, Wendell D, Robinson WT, et al. Making the
connection: using videoconferencing to increase linkage to care for incarcerated persons
living with HIV post-release. AIDS Behav. 2019;23(1):32-40.

Althoff AL, Zelenev A, Meyer JP, Fu J, Brown S-E, Vagenas P, et al. Correlates of retention in
HIV care after release from jail: results from a multi-site study. AIDS Behav. 2013;17(2):156-
70.

Martin SS, O'Connell DJ, Inciardi JA, Surratt HL, Maiden KM. Integrating an HIV/HCV brief
intervention in prisoner reentry: results of a multisite prospective study. J Psychoactive Drugs.
2008;40(4):427-36.

Wolitski RJ, Group PSW. Relative efficacy of a multisession sexual risk—reduction intervention
for young men released from prisons in 4 states. Am J Public Health. 2006;96(10):1854-61.

White MC, Tulsky JP, Goldenson J, Portillo CJ, Kawamura M, Menendez E. Randomized
controlled trial of interventions to improve follow-up for latent tuberculosis infection after
release from jail. Arch Intern Med. 2002;162(9):1044-50.

Meyer JP, Zelenev A, Wickersham JA, Williams CT, Teixeira PA, Altice FL. Gender disparities in
HIV treatment outcomes following release from jail: results from a multicenter study. Am J
Public Health. 2014;104(3):434-41.

Wang EA, Hong CS, Shavit S, Sanders R, Kessell E, Kushel MB. Engaging individuals recently
released from prison into primary care: a randomized trial. Am J Public Health.
2012;102(9):e22-e9.

Young JT, Arnold-Reed D, Preen D, Bulsara M, Lennox N, Kinner SA. Early primary care

physician contact and health service utilisation in a large sample of recently released ex-
prisoners in Australia: prospective cohort study. BMJ Open. 2015;5(6):e008021.

177



371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

382.

Akiyama MJ, Columbus D, MacDonald R, Jordan AO, Schwartz J, Litwin AH, et al. Linkage to
hepatitis C care after incarceration in jail: a prospective, single arm clinical trial. BMC Infect
Dis. 2019;19(1):703.

Zeuzem S, Mizokami M, Pianko S, Mangia A, Han K-H, Martin R, et al. NS5A resistance-
associated substitutions in patients with genotype 1 hepatitis C virus: prevalence and effect
on treatment outcome. J Hepatol. 2017;66(5):910-918.

Krishnan P, Tripathi R, Schnell G, Reisch T, Beyer J, Irvin M, et al. Resistance analysis of baseline
and treatment-emergent variants in hepatitis C virus genotype 1 in the AVIATOR study with
paritaprevir-ritonavir, ombitasvir, and dasabuvir. Antimicrob Agents Chemother.
2015;59(9):5445-54.

Hezode C, Reau N, Svarovskaia ES, Doehle BP, Shanmugam R, Dvory-Sobol H, et al. Resistance
analysis in patients with genotype 1-6 HCV infection treated with sofosbuvir/velpatasvir in
the phase Il studies. ] Hepatol. 2018;68(5):895-903.

Peres-da-Silva A, de Almeida AJ, Lampe E. NS5A inhibitor resistance-associated
polymorphisms in Brazilian treatment-naive patients infected with genotype 1 hepatitis C
virus. J Antimicrob Chemother. 2015;70(3):726-30.

Bertoli A, Sorbo MC, Aragri M, Lenci |, Teti E, Polilli E, et al. Prevalence of single and multiple
natural NS3, NS5A and NS5B resistance-associated substitutions in hepatitis C virus genotypes
1-4 in Italy. Sci Rep. 2018;8(1):1-11.

Bradley-Stewart A, Goldstein E, MacLean A, Gunson R. Prevalence of pre-treatment hepatitis
C virus NS5A resistance associated amino-acid substitutions in genotype 1A infected patients
in Scotland. J Clin Virol. 2018;101:44-6.

Ong AT, Tay E, Dwyer DE, George J, Douglas MW. Pre-treatment antiviral resistance in
Australians with chronic hepatitis C: prevalence of NS3 and NS5A resistance data in the state
of New South Wales. Antivir Ther. 2019;24:281-90.

Wei L, Omata M, Lim Y-S, Xie Q, Hou JL, Jia J, et al. HCV phylogenetic signature and prevalence
of pretreatment NS5A and NS5B NI-Resistance associated substitutions in HCV-Infected
patients in Mainland China. Antivir Res. 2018;158:178-8.

Caudai C, Materazzi A, Saladini F, Di Giambenedetto S, Torti C, Ricciardi B, et al. Natural NS5A
inhibitor resistance associated substitutions in hepatitis C virus genotype 1 infected patients
from Italy. Clin Microbiol Infect. 2018;24(3):308. e5-. e8.

Sarrazin C, Dvory-Sobol H, Svarovskaia ES, Doehle BP, Pang PS, Chuang S-M, et al. Prevalence
of resistance-associated substitutions in HCV NS5A, NS5B, or NS3 and outcomes of treatment
with ledipasvir and sofosbuvir. Gastroenterology. 2016;151(3):501-12. el.

McPhee F, Hernandez D, Zhou N. Effect of minor populations of NS5A and NS5B resistance-

associated variants on HCV genotype-3 response to daclatasvir plus sofosbuvir, with or
without ribavirin. Antivir Ther. 2017;22(3):237-46.

178



383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

Nelson DR, Cooper JN, Lalezari JP, Lawitz E, Pockros PJ, Gitlin N, et al. All-oral 12-week
treatment with daclatasvir plus sofosbuvir in patients with hepatitis C virus genotype 3
infection: ALLY-3 phase Il study. Hepatology. 2015;61(4):1127-35.

Jacobson |, Asante-Appiah E, Wong P, Black T, Howe A, Wahl J, et al. Prevalence and Impact
of Baseline NSA Resistance Associated Variants (RAVs) on the Efficacy of Elbasvir/Grazoprevir
(EBR/GZR) Against GT1a Infection: LB-22. Hepatology. 2015;62(6).

Wyles D, Dvory-Sobol H, Svarovskaia ES, Doehle BP, Martin R, Afdhal NH, et al. Post-treatment
resistance analysis of hepatitis C virus from phase Il and Il clinical trials of
ledipasvir/sofosbuvir. J Hepatol. 2017;66(4):703-10.

Singh AD, Maitra S, Singh N, Tyagi P, Ashraf A, Kumar R. Systematic review with meta-analysis:
impact of baseline resistance-associated substitutions on the efficacy of
glecaprevir/pibrentasvir among chronic hepatitis C patients. Aliment Pharmacol Ther.
2020;51(5):490-504.

Dietz J, Susser S, Vermehren J, Peiffer K-H, Grammatikos G, Berger A, et al. Patterns of
resistance-associated substitutions in patients with chronic HCV infection following treatment
with direct-acting antivirals. Gastroenterology. 2018;154(4):976-88. e4.

Halfon P, Scholtés C, Izopet J, Larrat S, Trimoulet P, Zoulim F, et al. Baseline and post-
treatment hepatitis C NS5A resistance in relapsed patients from a multicentric real-life cohort.
Antivir Ther. 2018;23:307-14.

Dvory-Sobol H, Wyles D, Ouyang W, Chodavarapu K, McNally J, Cheng W, et al. Long-term
persistence of HCV NS5A variants after treatment with NS5A inhibitor ledipasvir. J Hepatol.
2015;62(Suppl 2):5221.

Bourliere M, Gordon SC, Flamm SL, Cooper CL, Ramji A, Tong M, et al. Sofosbuvir, velpatasvir,
and voxilaprevir for previously treated HCV infection. N Engl J Med. 2017;376(22):2134-46.

Belperio PS, Shahoumian TA, Loomis TP, Backus LI. Real-world effectiveness of
sofosbuvir/velpatasvir/voxilaprevir in 573 direct-acting antiviral experienced hepatitis C
patients. J Viral Hepat. 2019;26(8):980-90.

Degasperi E, Spinetti A, Lombardi A, Landonio S, Rossi MC, Pasulo L, et al. Real-life
effectiveness and safety of sofosbuvir/velpatasvir/voxilaprevir in hepatitis C patients with
previous DAA failure. J Hepatol. 2019;71(6):1106-15.

Llaneras J, Riveiro-Barciela M, Lens S, Diago M, Cachero A, Garcia-Samaniego J, et al.
Effectiveness and safety of sofosbuvir/velpatasvir/voxilaprevir in patients with chronic
hepatitis C previously treated with DAAs. J Hepatol. 2019;71(4):666-72.

Sarrazin C, Cooper CL, Manns MP, Reddy KR, Kowdley KV, Roberts SK, et al. No impact of
resistance-associated substitutions on the efficacy of sofosbuvir, velpatasvir, and voxilaprevir
for 12 weeks in HCV DAA-experienced patients. J Hepatol. 2018;69(6):1221-30.

Poordad F, Pol S, Asatryan A, Buti M, Shaw D, Hézode C, et al. Glecaprevir/pibrentasvir in

patients with hepatitis C virus genotype 1 or 4 and past direct-acting antiviral treatment
failure. Hepatology. 2018;67(4):1253-60.

179



396.

397.

398.

399.

400.

401.

402.

403.

404.

405.

406.

407.

Poordad F, Felizarta F, Asatryan A, Sulkowski MS, Reindollar RW, Landis CS, et al. Glecaprevir
and pibrentasvir for 12 weeks for hepatitis C virus genotype 1 infection and prior direct-acting
antiviral treatment. Hepatology. 2017;66(2):389-97.

Wyles D, Weiland O, Yao B, Reindollar R, Weilert F, Dufour J-F, et al. Retreatment of patients
who failed glecaprevir/pibrentasvir treatment for hepatitis C virus infection. J Hepatol
2019;70(5):1019-1023.

Gane EJ, Shiffman ML, Etzkorn K, Morelli G, Stedman CA, Davis MN, et al. Sofosbuvir-
velpatasvir with ribavirin for 24 weeks in hepatitis C virus patients previously treated with a
direct-acting antiviral regimen. Hepatology. 2017;66(4):1083-9.

Papaluca T, Thompson AJ. HCV elimination: breaking down the barriers to prison based care.
Hepatoma Res. 2018;4(10):64.

Papaluca T, McDonald L, Craigie A, Gibson A, Desmond P, Wong D, et al. Outcomes of
treatment for hepatitis C in prisoners using a nurse-led, statewide model of care. J Hepatol.
2019;70(5):839-46.

Foucher J, Chanteloup E, Vergniol J, Castera L, Le Bail B, Adhoute X, et al. Diagnosis of cirrhosis
by transient elastography (FibroScan): a prospective study. Gut. 2006;55(3):403-8.

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A, Dhalluin-Venier V, et al. FIB-4: an
inexpensive and accurate marker of fibrosis in HCV infection. comparison with liver biopsy and
fibrotest. Hepatology. 2007;46(1):32-6.

Thompson AJ. Australian recommendations for the management of hepatitis C virus infection:
a consensus statement. Med J Aust. 2016;204(7):268-72.

Foster GR, Agarwal K, Cramp ME, Moreea S, Barclay S, Collier J, et al. Elbasvir/grazoprevir and
sofosbuvir for hepatitis C virus genotype 3 infection with compensated cirrhosis: A
randomized trial. Hepatology. 2018;67(6):2113-26.

Therapeutic Goods Administration. Product Information Zepatier (elbasvir/grazoprevir).
Accessed online on September 15 2019 at https://www.tga.gov.au/sites/default/files/auspar-
grazoprevir-170515-pi.pdf.

Maclsaac, M ‘Elimination hepatitis C in Australia - a successful nurse-led statewide program
for hepatitis C treatment in Victorian prisons’. Proceeding of Australian Gastroenterology
Week; 21-30 Nov 2020. J Gastro Hep, 2020.

Burnet Institute and Kirby Institute. Australia’s progress towards hepatitis C elimination:
annual report 2019. Melbourne: Burnet Institute; 2019.

180



10 Appendices

10.1 Chapter 2 supplemental data

Supplemental table 2.1: Treatment failures.

Supplemental Table 2.1 -

Treatment failures

Genotype Cirrhosis Therapy Duration Treatment Interruption *
1a No SOF / LDV 8 weeks Yes
la No SOF / LDV 8 weeks Yes
1a No SOF / LDV 8 weeks Yes
la No SOF / LDV 8 weeks Yes
1a No SOF / LDV 12 weeks Yes
3a No SOF / DCV 12 weeks Yes
3a No SOF / DCV 12 weeks Yes
3a No SOF / DCV 12 weeks No
3a Yes SOF / DCV 24 weeks Yes
3a Yes SOF / DCV 24 weeks No
3a Yes SOF / DCV 24 weeks No

*Treatment interruption; three prisoners who had virological relapse had treatment interruptions of 1, 17, and
18 weeks, respectively. Legend: SOF, sofosbuvir; LDV, ledipasvir; DCV, daclatasvir.
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Supplemental table 2.2: Assessments at each of the 14 individual prisons and the anticipated

proportion of viraemic individuals treated.

Prison  Security!  Assessed Eligible? Ineligible Treatment SVR12 Treated Treatments Proportion HCV
started outcome later® per prison infected prisoners
population® treated’
PCR Inadequate  Other* Neg Pos LTF 50% 75%
neg time? viraemic®  viraemic®

1 Max 110 75 16 19 0 43 29 1 13 32 10.1% 42% 28%
2 Min 32 11 7 14 0 10 5 1 4 1 5.8% 24% 16%
3 Max 67 37 17 13 0 29 26 0 3 8 7.6% 32% 21%
4 Min 55 27 8 19 1 21 13 0 8 6 7.6% 32% 21%
5 Med 75 44 12 19 0 37 27 0 10 7 4.7% 20% 13%
6 Med 109 78 6 23 2 63 52 2 9 15 9.4% 39% 26%
7 Min 46 31 3 11 1 27 19 0 8 4 7.3% 30% 20%
8 Min 55 37 5 13 0 31 18 3 10 6 6.9% 29% 19%
9 Med 125 71 19 35 0 51 40 1 10 20 8.9% 38% 25%
10 Max 4 3 0 1 0 2 2 0 0 1 0.7% 3% 2%
11 Max 54 29 8 16 1 13 10 1 2 16 1.7% 7% 5%
12 Max 166 87 33 44 2 61 43 2 16 26 5.7% 24% 16%
13 Min 16 9 4 2 1 7 3 0 4 2 13.0% 58% 37%
14 Min 35 23 6 6 0 21 14 1 6 2 8.9% 36% 24%
Average 27% 18%

1Security level of prison rated as maximum (Max), medium (Med) or Minimum (Min) security.

ZHepatitis C RNA PCR positive and adequate remaining incarceration duration to provide complete hepatitis C

treatment

3Inadequate remaining period of incarceration to provide entire HCV treatment

“Prisoner refusal, drug-drug interactions resulting in treatment deferral

Hepatitis C treatment initiated whilst incarcerated, but beyond the period of evaluation

SNumber of prisoners treated at each prison site, relative to average prison population over period of

evaluation as documented in ‘Monthly Prisoner and Offender Statistics’, Corretions Victoria, State Government

of Victoria 2016, accessed at http://www.corrections.vic.gov.au/home/prisoner+and+offender+statistics

’Based on an average period of incarceration of 6 months, and HCV antibody prevalence of 24% from National

Prison Entrants' Bloodborne Virus and Risk Behaviour Survey Report 2004, 2007, 2013 and 2016 accessed at

https://kirby.unsw.edu.au/report/national-prison-entrants-bloodborne-virus-and-risk-behaviour-survey-

report-2004-2007-2010

89 Assuming that of HCV seropositive prisoners, 50% or 75% respectively are also HCV RNA positive
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10.2 Chapter 3 supplemental data

Supplemental table 3.1: Community contacts provided by participants for engagement following

release.

Supplemental table 3.1:
Points of contact provided by study participants
- Personal number 12
- Parent 10
- Alternate family member 7
- Partner 6
2
1

- Peer
- Healthcare worker
Initial point of contact for participants who
could be reached in the community
- Parent 7
- Personal number 4
3
1

- Alternate family member
- Partner
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10.3 Chapter 4 supplemental data

Supplemental table 4.1: The sensitivity, specificity, NPV and PPV of FIB-4 for advanced fibrosis (LSM >

9.5kPa) compared with TE.

Liver stiffness
measurement
All prisoners | <9.5kPa | >9.5kPa | Sensitivity | Specificity | PPV | NPV
(n=1007) (n=791) | (n=216) % % % %
n (%) n (%) n (%)
For prediction of
advanced fibrosis
FIB-4
<1.45 713 (71) 635 (80) | 78 (36) 64 80 47 | 89
>1.45 294 (29) 156 (20) | 138 (64)
<3.25 960 (95) 785(99) | 175 (81) 18 99 87 82
>3.25 47 (5) 6(1) 41 (19)

Legend: PPV, positive predictive value, NPV, negative predictive value, TE, transient elastography, LSM, liver

stiffness measurement.

Supplemental table 4.2: Sensitivity, specificity, PPV and NPV of fibrosis assessment pathway

incorporating age and APRI thresholds applied to validation cohort.

Liver stiffness

measurement
All prisoners < > Sensitivity | Specificity | PPV | NPV
(n=189) 12.5kPa | 12.5kPa % % % %
n (%) (n=169) | (n=20)
n (%) n (%)
For prediction of
cirrhosis
Age + APRI
>35 years and APRI 33(17) 18 (11) | 15 (75) 75 89 45 97
>1.0
<35 or>35and 156 (83) 151 (89) 5(25)
APRI<1.0

Legend: PPV, positive predictive value, NPV, negative predictive value
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10.4 Chapter 6 supplemental data

Supplemental table 6.1: Prevalence of NS5A RAS at baseline.

HCV NS5A RAS N=26"
Y93D/H/S 13 (4/8/1)
Q30E/R 2(1/2)
L31M 1
A30K 1

Not detected 9

"HCV NS5A RAS testing was available for 26 of 40 participants at baseline. Legend: HCV, hepatitis C

virus; RAS, resistance-associated substitution.
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Background & Aims: Treatment programs for people who
inject drugs (PWID), including prisoners, are important for
achieving hepatitis C elimination targets. There are multiple
barriers to treatment of hepatitis C in prisons, including access
to specialist physicians, testing and antiviral therapy, short
prison sentences, and frequent inter-prison transfer. We aimed
to assess the effectiveness of a nurse-led model of care for the
treatment of prisoners with hepatitis C.

Methods: A statewide program for assessment and manage-
ment of hepatitis C was developed in Victoria, Australia to
improve access to care for prisoners. This nurse-led model of
care is supported by telemedicine to provide decentralized care
within all prisons in the state. We prospectively evaluated the
feasibility and efficacy of this nurse-led model of care for hep-
atitis C within the 14 adult prisons over a 13-month period.
The primary endpoint was sustained virological response at
post-treatment week 12 (SVR12) using per protocol analysis.
Results: There were 416 prisoners included in the analysis. The
median age was 41 years, 90% were male, 50% had genotype 3
and 44% genotype 1 hepatitis C and 21% had cirrhosis. Injecting
drug use was reported by 68% in the month prior to prison
entry, 54% were receiving opioid substitution therapy, and
86% reported never previously engaging with specialist HCV
care. Treatment duration was 8 weeks in 24%, 12 weeks in
59%, and 24 weeks in 17% of treatment courses. The SVR12 rate
was 96% (301/313) per protocol. Inter-prison transfer occurred
during 26% of treatment courses but was not associated with
lower SVR12 rates. No treatment-related serious adverse events
occurred.

Conclusion: Hepatitis C treatment using a decentralized, nurse-
led model of care is highly effective and can reach large num-
bers of prisoners. Large scale prison treatment programs should
be considered to support hepatitis C elimination efforts.

Lay summary: There is a high burden of hepatitis C infection
among prisoners worldwide. Prisoners who continue to inject
drugs are also at risk of developing new infections. For this
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reason, the prison setting provides an opportunity to treat those
people at greatest risk of infection and to stop transmission to
others. We developed a new method of providing hepatitis C
treatment to prisoners, in which nurses rather than doctors
assessed prisoners locally at each prison site. Treatment was
safe and most prisoners were cured. Such programs will con-
tribute greatly to achieving the World Health Organization’s
hepatitis C elimination goals.

Crown Copyright © 2019 Published by Elsevier B.V. on behalf of
European Association for the Study of the Liver. All rights reserved.

Introduction

The World Health Organization (WHO) has set global targets for
the elimination of viral hepatitis as a public health threat.! For
hepatitis C, the goals are to reduce incidence by 80% and mortal-
ity by 65% by 2030. In Western countries where injecting drug
use is the dominant risk factor for hepatitis C transmission,’
eliminating incident infection will require coordinated efforts
using harm reduction strategies as well as “treatment as pre-
vention” to interrupt transmission among people who inject
drugs (PWID). This population has not typically been well
engaged with specialist care, highlighting the need to develop
new models of care for hepatitis C among marginalized, high
transmitting populations.

Prison systems provide a unique opportunity to scale-up
hepatitis C treatment.> The prevalence of hepatitis C is higher
in prisoners than in the general population, reflecting the crim-
inalization of drug use and the frequent detention of PWIDs.*>
In Australia, 46% of prisoners self-report a lifetime history of
injecting drug use, and the hepatitis C seroprevalence among
incarcerated PWID is greater than 50%.° Harm reduction strate-
gies currently available in Australian prisons include bleach for
cleansing of injection devices and opioid substitution therapy
(OST). Despite this, ongoing incident hepatitis C infection has
been reported among PWID in Australian prisons.” The median
sentence length in Australia is less than 6 months and there are
high rates of recidivism, meaning that prisoners frequently
cycle between incarceration and freedom, creating new net-
works for hepatitis C transmission.® Mathematical modelling
studies have demonstrated that the global elimination of HCV
will require widespread treatment of key risk populations, in
particular PWID.>'° Treatment programs in prisons, where a
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large numbers of PWID can be screened and treated, could
therefore significantly contribute to the HCV elimination
agenda.’

Despite WHO recommending universal screening of all pris-
oners for hepatitis C, rates remain low in many regions world-
wide and treatment programs have been limited by multiple
barriers."'~'* Historical barriers have included the nature of
interferon-based therapy (parenteral, long duration, significant
toxicity and poor efficacy) as well as systemic barriers (limited
local access to clinicians, need for hospital-based specialist
review, frequent transfer between prisons interrupting care,
and budgetary policy requiring that funding for testing and
treatment come from local prison budgets rather than national
health schemes). The recent introduction of direct-acting antivi-
rals (DAAs) for the treatment of hepatitis C has provided highly
effective therapy that is simple and safe, with short treatment
durations - ideal for the prison environment. However, DAAs
are expensive, which has limited the implementation of prison
treatment programs worldwide;!> less than 20% of surveyed
European countries provided access to hepatitis C treatment
in all prisons.'* Where treatment is available to people in cus-
tody, it has often been restricted to prisoners with advanced
liver disease.'®!” Such a policy will withhold effective treat-
ment from most people living with hepatitis C in prison, includ-
ing those at risk of transmission.

In March 2016, the Australian Government approved univer-
sal access to DAAs for all Australians living with chronic hepati-
tis C, including prisoners. A decentralized nurse-led model of
care was therefore developed to make viral hepatitis assessment
and treatment available to all prisoners across all 14 prisons in
the state of Victoria, Australia. We present the first evaluation of
the feasibility and efficacy of this novel model of care for hepati-
tis C.

Patients and methods

Model of care

Australia has a policy of state-sponsored universal health care
for all members of the general community, managed by the fed-
eral government. However, prisoners are not eligible for this
scheme, and medical care during the period of incarceration
becomes the budgetary responsibility of the local correctional
service under the state government. Such a funding silo chal-
lenges the feasibility of DAA therapy given the high list price
of these medications. The Australian Government, recognizing
the importance of providing DAAs to prisoners if hepatitis C
elimination is to be achieved, classified DAA treatment for hep-
atitis C under both the general drug schedule for the commu-
nity, as well as a highly specialized schedule, which allows
drugs to be provided to prisoners with the requirement that
they are prescribed by a specialist and dispensed to prisons
from a hospital pharmacy.

In this context, the Victorian Statewide Hepatitis Program
was developed by St Vincent’s Hospital, Melbourne under con-
tract to the Department of Justice and Regulation, State Govern-
ment of Victoria, Australia. At the time of evaluation, there were
14 prisons for adults (12 male, 2 female) in the state of Victoria,
with capacity for 7,441 prisoners (Fig. 1). In the 12 month per-
iod from November 2015, more than 10,500 prisoners were
received into the Victorian prison system.'® Each of the 14 Vic-
torian prison sites was serviced by the program, as described
below. The program staff included 2 full-time hepatitis program
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nurses, 3 part-time hepatologists (0.25 equivalent full-time
(EFT) staffing in total), and a central pharmacist and pharmacy
technician (time commitment increased from 0.2 to 0.6 EFT dur-
ing the period of evaluation). A centralized electronic medical
record was accessible at each prison as well as from St Vincent’s
Hospital. The medical record could be accessed by nursing,
medical, and pharmacy staff to review and coordinate relevant
investigations and track prisoner movements across the system
to minimize interruptions of care from referral to the sustained
virological response at post-treatment week 12 (SVR12) time-
point.

Victorian prison healthcare policy is that all prisoners are
offered opt-in screening for viral hepatitis at first prison recep-
tion and at each transfer between prison sites. This is the respon-
sibility of the primary healthcare service at each prison. If a
prisoner was seropositive for hepatitis C, or self-reported a previ-
ous diagnosis of hepatitis C, they were referred to the Statewide
Hepatitis Program for protocol-driven face-to-face assessment
by a program nurse at their residing prison. A program nurse vis-
ited each prison on a weekly, fortnightly or monthly basis.
Assessment involved a detailed clinical questionnaire including
evaluation of risk behavior, liver stiffness measurement using
transient elastography (portable FibroScan™), and blood-based
investigations, including general biochemistry, hepatitis C viral
load and genotype, HBV and HIV serology. The presence of
comorbid medical conditions was assessed, including psychiatric
illness (self-reported). The evaluation of risk behavior included
assessment of active injecting drug use, defined as injecting in
the month prior to incarceration. Injecting drug use in prison
was defined as the use of drugs requiring needles and/or other
injecting apparatus in either the current or a previous incarcera-
tion. Significant alcohol intake included pre-imprisonment or
historically significant daily drinking (more than 2 standard
drinks, most days, for both men and women)'® or binge drinking
(heavy intermittent alcohol intake).

Prisoners identified as having chronic hepatitis C infection
were then triaged as either ‘low risk’ or ‘higher risk’. ‘Low risk’
prisoners were either non-cirrhotic or had compensated cirrho-
sis without significant comorbidities, for whom the hepatologist
prescribed DAA therapy after a paper-based consultation with a
program nurse, without the physician having direct interaction
with the prisoner. ‘Higher risk’ prisoners had evidence of
cirrhosis (clinical/FibroScan), including all prisoners who had
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decompensated cirrhosis and/or significant comorbid condi-
tions potentially complicating hepatitis C treatment such as
renal failure or HBV coinfection. ‘Higher risk’ prisoners were
referred for either a telemedicine consult (conducted from their
local prison) or face-to-face assessment by a hepatologist. Face-
to-face consultation for prisoners located at one of the 13
peripheral prisons required prisoner transfer to the central
prison. At clinical review, it was decided whether ‘higher risk’
prisoners were to commence DAA therapy immediately or
required further assessment prior to treatment initiation.

Prisoners with hepatitis C and cirrhosis were enrolled in
surveillance programs for hepatocellular carcinoma (HCC) and
esophageal varices as recommended by consensus guide-
lines.?®?! A viral hepatitis education program for prisoners
and prison staff, including primary care staff, drug and alcohol
service providers and correctional officers, was provided at all
14 correctional facilities to support the clinical service.

Harm reduction

An OST program is available in Victorian prisons, which 11% of
prisoners utilized in 2016.22 Bleach is available which can be
used to clean injecting equipment. There is no provision of clean
needles or syringes.

Treatment eligibility

To be eligible for treatment prisoners had to be 18 years of age
or older, have evidence of chronic hepatitis C with detectable
serum HCV RNA, and have an adequate sentence duration to
facilitate complete hepatitis C treatment while incarcerated
(between 8 to 24 weeks depending on the selected treatment
regimen). It was not a requirement however, that prisoners
remained in prison to complete blood tests at week 12 post-
treatment. Prisoners commenced on DAA therapy who were
released early (early parole) were provided with their remaining
medication to complete treatment in the community. Prisoners
for whom a short sentence duration made them ineligible for
treatment whilst incarcerated were referred to a healthcare ser-
vice for treatment upon release to the community.

Standard correctional pharmacy procedures required that
medications be repackaged into blister packs at the central hos-
pital pharmacy before being couriered to the prisons. Initial
packs were prepared to include 28 days of therapy, and subse-
quent packs were distributed to each prison monthly thereafter,
until therapy was completed. Two of the 14 prisons provided
medications to prisoners in weekly packets while the remaining
12 prisons dispensed medications to the prisoners daily. Medi-
cations moved with patients at time of inter-prison transfer to
minimize treatment interruption and prisoner location was con-
firmed in real time using the electronic medical record. When
DAAs first became available on 1 March 2016, the program
had capacity to initiate 6 prisoners per week. This subsequently
increased to 16 prisoners per week in June 2016 with increased
pharmacy staff resources.

Analysis
This analysis evaluated hepatitis C treatment outcomes among
all prisoners who commenced therapy over the 13-month per-
iod between 1 November 2015, when the program started,
and 1 December 2016.

All prisoners had serum HCV RNA tested at baseline, at the
end-of-treatment (EOT), and at week 12 post-treatment.
The pre-specified period of follow-up was to week 12
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post-treatment. The primary endpoint was SVR12, which
was defined as undetectable serum HCV RNA 12 weeks after
the EOT. Secondary endpoints included EOT response (defined
as undetectable serum HCV RNA at EOT), confirmed HCV
reinfection (defined as detectable serum HCV RNA with HCV
genotype switch between EOT and SVR12) and treatment-
associated adverse events. Relapse was defined as prisoners
who achieved an EOT response, but in whom serum HCV
RNA was detectable at week 12 post-treatment, without
HCV genotype switch.

We considered 2 analyses for virological outcome - the pri-
mary outcome was rate of SVR12 per protocol, including those
prisoners with a serum HCV RNA result at 12 weeks post-
treatment (complete follow-up). This analysis was performed
to account for the high number of prisoners ‘lost to freedom’;
that is prisoners released to freedom after the EOT but prior
to SVR12, as well as a small number of prisoners who were
granted parole during their treatment course. We also consid-
ered overall SVR12 rate by intention to treat.

Data were described using median and interquartile ranges
(IQR). Categorical data were described as number and percent-
age. Comparisons between groups were made using appropriate
statistical tests after considering distribution of data.

Ethical considerations
This study was approved by the St Vincent’s Hospital Melbourne
Human Research Ethics Committee.

Results

Prisoner characteristics

During the 13-month period of evaluation, 949 prisoners were
assessed by the Statewide Hepatitis Program, of whom 562
(59%) prisoners were eligible for treatment, and 416 (44%) were
commenced on therapy during the period of evaluation. Rea-
sons for treatment ineligibility are detailed (Table S2). Baseline
characteristics are described in detail in Table 1. In brief, the
cohort was predominately male (90%), the median age was 41
[34-46] years, 80% were Caucasian, 12% were Indigenous, and
4% were Asian. Cirrhosis was present in 21%. HIV and HBV coin-
fection were uncommon, but past HBV infection (anti-HBc pos-
itivity) was present in 24%. The majority of prisoners responded
to detailed questions about their past and/or current injecting
practices. Injecting drug use was reported by 68%
(n=262/386) in the month prior to incarceration and the most
common drug of choice was heroin (60%, n = 120/200). Mental
health comorbidities were reported by 70%. Only 14% of prison-
ers had previously seen a specialist to discuss their hepatitis C;
94% were treatment naive (Table 1).

HCV DAA therapy and virological response

The DAA regimens prescribed are listed (Table 2). The rate of
SVR12 was 96% (n=301/313) per protocol (Table 3). SVR12
rates exceeded 95% for all genotypes, including genotype 1a
(96%, n=137/143), genotype 1b (100%, n=11/11), genotype 2
(100%, n = 5/5), genotype 3a (96%, n = 147/153) and genotype 6
(100%, n = 1/1). There was no difference in SVR12 between cir-
rhotic and non-cirrhotic prisoners (97% vs. 94%, p=0.51).
SVR12 rates by ITT analysis were lower (SVR12 72%,
n=301/416), Table 3); the most common reason for not
achieving SVR12 was loss to follow-up due to being released
to freedom (90%, n = 103/115).
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Table 1. Prisoner characteristics.

Characteristics N=416
Age, yr, median [IQR] 41 [34-46]
Male sex, n (%) 376 (90)
Ethnicity, n (%)
Caucasian 332 (80)
Indigenous 51 (12)
Asian 15 (4)
Other 18 (4)
Body mass index, kg/m?, mean [IQR] 31 [27-34]
HCV genotype, n (%)
Genotype 1a 184 (44)
Genotype 1b 14 (3)
Genotype 2 8(2)
Genotype 3 208 (50)
Genotype 6 2(1)
HCV viral load, IU/ml, median [IQR] 685,000 [192,000-2,630,000]
ALT, U/ml, median [IQR] 88 [55-145]

Platelet count, median [IQR]

218 [176-256]

HBV serology, n (%)

HBsAg" 6(2)
Anti-HBs" 310 (75)
Anti-HBc" 98 (24)
HIV serology, n (%) 8(2)
Liver stiffness measurement™, n (%)
<9.5 kPa 278 (71)
9.5-12.5 kPa 40 (10)
>12.5 kPa 71 (19)
Cirrhosis, n (%) 86 (21)
Compensated 77 (19)
Decompensated 9(2)
Opiate substitution therapy 228 (54)
Comorbid psychiatric illness” 291 (70)
Psychotropic medication 208 (50)
Significant alcohol history”, n (%) 243 (58)

Injecting drug use, n (%)

PWID, current/previous

Injecting prior to incarceration”

Injecting in prison, current/previous”
Previous specialist care for HCV, n (%)
Treatment experienced, n (%)

389 (94)
262/386 (68)
130/228 (57)

59 (14)
25 (6)

ALT, alanine aminotransferase; HBsAg, HBV surface antigen; PWID, people who
inject drugs.

~ Valid liver stiffness measurements using transient elastography were obtained in
94% (n = 389). The remaining 6% (n = 27) of prisoners were either cirrhotic (n = 10)
(evidenced by clinical decompensation and/or radiological evidence of portal
hypertension) or had unsuccessful elastography due to body habitus (n=17).

" Self-reported or recorded from medical record at initial assessment.

# Recent (pre-imprisonment) or historically significant daily (more than 2 standard
drinks, most days, for men and women) or binge drinking (significant intermittent
alcohol intake).

* Injecting drug use within 1 month of incarceration “injecting drug use in the
current or previous incarceration.

Table 2. Treatment regimens and durations.

Treatment regimen (N=416)
Sofosbuvir 400 mg/ledipasvir 90 mg, n (%)
8 weeks 100 (24)
12 weeks 77 (18)
24 weeks 4(1)
Sofosbuvir 400 mg/daclatasvir 90 mg + RBV, n (%)
12 weeks 147 (35)
24 weeks 65 (16)
Sofosbuvir 400 mg/RBV 1,000-1,200 mg, n (%) 5(1)
Paritaprevir 150 mg/ritonavir 100 mg/ombitasvir 16 (4)
25 mg/dasabuvir 250 mg, n (%)
Sofosbuvir 400 mg/PegIFN + RBV, n (%) 2 (1)

RBV, ribavirin.

Viral Hepatitis

Treatment failure was due to virological relapse in 11 prison-
ers (Table S1) and confirmed hepatitis C reinfection in one pris-
oner. Three of the 11 prisoners who relapsed had treatment
interruptions of greater than 1-week duration, including 2 pris-
oners prescribed sofosbuvir plus daclatasvir for 24 weeks who
received only 6 and 7 weeks respectively due to being released
on parole; both were HCV PCR positive on re-incarceration
within the follow-up period. The one prisoner with confirmed
reinfection, who had risk factors for reinfection, was diagnosed
by recurrent HCV viremia between EOT and SVR12, with a
switch from genotype 1a to genotype 3 between EOT and
SVR12 time points.

Treatment-related adverse events were infrequent (7.9%, 37
events in 33 participants, Table 4). One prisoner (0.2%) discon-
tinued treatment at week 8 of 12 due to insomnia (SVR12
achieved). There were no treatment-related deaths. Nine pris-
oners had decompensated liver disease at treatment initiation
(Child Pugh B, n=4 and Child Pugh C, n=5). The SVR12 rate
was 71% (n=5/7) amongst this group. Two prisoners experi-
enced virological relapse and 2 prisoners were released to free-
dom prior to SVR12. One Child Pugh C prisoner achieved SVR12
and was referred to a liver transplantation service and wait-
listed for transplantation while incarcerated. This patient
underwent successful orthotropic liver transplantation follow-
ing release from prison. No de novo HCCs were diagnosed during
the period of evaluation.

There were 6 prisoners who were HCV-HBV co-infected. All
were non-cirrhotic. One prisoner who was HBeAg-positive with
a high serum HBV DNA level was initially commenced on antivi-
ral therapy for hepatitis B (tenofovir 300 mg daily), and then
subsequently hepatitis C, 4 weeks later. Five prisoners were
HBeAg-negative and had serum HBV DNA levels <2,000 IU/ml
at baseline. These prisoners were monitored with liver function
tests and serial measurements of HBV DNA levels. Two prison-
ers experienced on-treatment increases in serum HBV DNA
levels without biochemical flare and antiviral therapy for HBV
was not commenced. Past HBV infection was present in 24% of
the cohort. There were no cases of on-treatment or post-
treatment hepatitis flare to suggest HBV reactivation.

Nurse-led care was delivered effectively across the statewide
network

Most prisoners (82%, n = 340) were suitable for treatment based
on nurse-led evaluation only and did not require a formal hep-
atologist assessment (‘low risk’). The remaining 76 prisoners
(18%) were categorized as ‘higher risk’ and required either
face-to-face (13%, n =55), telemedicine hepatologist consulta-
tion (3%, n = 13), or both (2%, n = 8) (Fig. 2). Rates of SVR12 were
comparable in ‘low risk’ and ‘higher risk’ prisoners, both per
protocol (96% vs. 93%, p=0.27), and by ITT (74% vs. 67%,
p =0.26) analysis (Fig. 2).

The decentralized, nurse-led model of care removed the
requirement for most prisoners to attend a central prison or
hospital for hepatitis C assessment and treatment. However,
26% of prisoners still had at least one prison transfer while
receiving DAA therapy (n =110, range 0-6). The frequency of
prison transfers while receiving hepatitis C treatment was not
associated with diminished SVR12 outcomes (SVR12 96-100%,
Fisher’s exact test p = 0.89) (Fig. 3).

The cascade of care from referral is presented in detail for
each prison in Table S2. Assessing the cascade of care following
referral to the program, 562 (59%) were eligible for treatment
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Table 3. Virological response.
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Virological response EOT, n (%)

Overall (N =416)

Per protocol (n =364)

HCV PCR negative

Lost to freedom

Virological breakthrough

Treatment-related death

SVR12, n (%)

HCV PCR negative
Genotype 1a
Genotype 1b
Genotype 2
Genotype 3
Genotype 4/5
Genotype 6
Cirrhosis

Yes
No

Lost to freedom

Virological relapse

Reinfection

Treatment-related death

364 (38)

52 (12)

0(0)

0(0)

(N =416)
301 (72)
137/184 (74)
11/14 (79)
5/8 (63)
147/208 (71)

1/2 (50)

59/86 (69)
242/330 (73)
103 (25)

11 (2.8)
1(02)

0 (0)

364 (100)

0(0)
(n=313)
301 (96)

137/143 (96)
11/11 (100)
5/5 (100)
147/153 (96)

1/1 (100)

59/63 (94)
242/250 (97)

11 (3.5_)
1(0.5)

EOT, end-of-treatment; SVR12, sustained virological response at post-treatment week 12.
“ Lost to freedom; prisoners either released on-treatment or after end-of-treatment but prior to week 12 post-treatment.

Table 4. Adverse events.

and 416 (44%) were started on therapy. The majority of those
ineligible had an insufficient remaining period of incarceration

Adverse events, n (%) N=416
Treatment-related
Headache 12 (2.9)
Gastrointestinal symptoms 9(2.2)
Lethargy 8(1.9)
Rash 4(1.0)
Myalgia 3(07)  average of 3 weeks.
Serious adverse events 0(0)
Treatment-related deaths 0(0)
Leading to discontinuation of treatment . .
Treatment-related Discussion
Insomnia 1(0.2)

to complete treatment (61%, n=235/387). During the period
of evaluation, the average time from assessment to treatment
was 4.6 months, reflecting in large part the fact that assess-
ments commenced in November 2015, 4 months prior to reim-
bursement of DAAs in March 2016. The period between
assessment and initiating treatment has since fallen to an

This is the first large scale hepatitis C prison management pro-

gram to be implemented across an entire jurisdiction. The

949 prisoners assessed during
study period

533 were excluded due to:
« Insufficient time incarcerated for treatment

* HCV PCR negative

» Commenced on HCV therapy but beyond the
period of evaluation

416 commenced on
HCV therapy

¢
‘'Low-risk'
340 (81%)

¢

N

‘

43 (12.6%)
LTF prior to EOT

296 (87.1%)
reached EOT

1 (0.3%) discontinued
therapy prior to EOT

67 (88.2%)
reached EOT

3
'Higher-risk'
76 (19%)
I
\
9 (11.8%) were LTF
prior to EOT

« 8 had relapse
*39LTF

250 (73.5%) overall
achieved SVR12

« 3 had relapse

———— < 1 was reinfected

* 12 were LTF

achieved SVR12

51 (67.1%) overall

Fig. 2. Decentralized, nurse-led model of care. EOT, end-of-treatment; LFT, loss to freedom; SVR, sustained virological response at post-treatment week 12.
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Fig. 3. Treatment outcome (SVR12 rate) by number of inter-prison
transfers while receiving HCV DAA therapy. DAA, direct-acting antiviral;
SVR12, sustained virological response at post-treatment week 12.

decentralized, nurse-led model of care implemented across 14
prisons has overcome many of the traditional systemic barriers
to providing effective and efficient hepatitis C treatment to large
numbers of prisoners, including the need for specialist consulta-
tion and hospital transfer, and treatment interruption from pris-
oner transfer between correctional facilities with partitioned
clinical services. Importantly hepatitis C cure rates achieved
by this new model were high.

Although many countries continue to mandate specialist
physician management for hepatitis C therapy initiation,”*> our
data demonstrate that nurse-led treatment is safe and effective
in the correctional setting, with only 18% of assessed prisoners
requiring specialist consultation. Whilst inter-prison transfer
was frequent (driven by movement in the justice system rather
than related to prisoners need to access hepatitis C services), it
did not lead to treatment interruption or diminished efficacy.
The model of care allows high treatment numbers with existing
resources now permitting 16 new treatment starts per week.
The key features of the program that likely support its success
include the nurse-led model delivering DAA therapy locally,
the statewide coverage across all correctional facilities, the
use of information technology including telemedicine and a
central electronic medical record, a centralized pharmacy distri-
bution with real-time prisoner tracking, and federal govern-
ment policy supporting prisoner access to DAAs.

An important benefit of the program it is that it engages a
marginalized population in hepatitis C treatment and primary
healthcare more broadly. Many prisoners had a history of cur-
rent or recent injecting prior to incarceration, and most had psy-
chiatric comorbidities. As expected, a high proportion (86%) had
never previously consulted a clinician about hepatitis C treat-
ment. PWID are the group at greatest risk of hepatitis C infec-
tion in many developed countries and are traditionally
difficult to engage in health care. Prison-based hepatitis C treat-
ment programs can therefore play a vital role in increasing care
and treatment in this group.

There is now a global focus on how to best utilize public
health platforms to eliminate hepatitis C as a public health
threat. Mathematical modelling has estimated that for Victoria
to achieve the WHO elimination targets by 2030,' treatment
rates among current PWID will need to be scaled up to
approximately 59/1,000, or around 1,300 active PWID per
year.”?* Sustaining this level of treatment uptake in the com-
munity will require increased testing and retention of PWID
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in care,® including the treatment of prisoners, many of whom
have a history of current or recent injecting.

The success of our program has been recognized by a recent
increase in resourcing to increment treatment start numbers to
20 per week (1,040/year). This treatment rate means the pro-
gram would potentially contribute >50% of the overall yearly
elimination target for treatment scale-up among PWID in Victo-
ria, based on our data that 68% of prisoners with hepatitis C
were considered current PWID. This highlights the vital contri-
bution that prison treatment programs can make as part of a
broader elimination agenda.

Limitations of this study include the large proportion of pris-
oners ‘lost to freedom’, most of whom were released from
prison between EOT and SVR12. The study, however, evaluates
a proposed model of care to increase treatment scale-up
amongst a priority population, rather than to assess DAA effec-
tiveness, which is already established.”>*° Despite a high pro-
portion of prisoners who were ‘lost to freedom’,
approximately 90% did complete DAA therapy while incarcer-
ated and most are anticipated to have achieved cure. Previous
Australian studies have demonstrated a hepatitis C incidence
of >10% annually amongst incarcerated PWID.” In our study
there was only one confirmed case of hepatitis C reinfection
identified, although the duration of follow-up was only
12 weeks post-treatment; with a longer duration of follow-up
a higher number of reinfections is anticipated. It is possible that
a number of the cases of relapse were in fact reinfections with
the same hepatitis C genotype; regardless, the number of
relapses was also low. The program supports retreatment of
those reinfected to engage prisoners at highest risk of transmis-
sion, key for reducing prison hepatitis C prevalence and achiev-
ing community elimination targets. Finally, detailed data
concerning the rate of opt-in screening at reception, overseen
by the prison medical staff, was not available, this step in the
cascade of care preceding referral to the program. The estimate
of the percentage of viremic prisoners treated was informed by
Australian data estimating hepatitis C seroprevalence within
prisons, the proportion therefore anticipated to be hepatitis C
RNA positive and the short average duration of imprisonment
(Table S2). Although the average time between assessment
and treatment was 4.6 months at the time of evaluation, there
was a 4-month disparity between commencement of clinical
assessments in November 2015 and hepatitis C treatment avail-
ability in March 2016. The period between assessment and ini-
tiating treatment has since fallen to an average of 3 weeks, with
75% of prisoners assessed now starting DAA therapy.

Future work will explore refinements to prison-based mod-
els of care. This will include evaluating the role for peer workers
to increase prisoner engagement and the role for point-of-care
testing to increase screening uptake and reduce time from
assessment to treatment start. This will also examine the suc-
cess of linkage to community care for prisoners released to free-
dom, including treatment completion rates for those who are
released on-treatment, as well as treatment uptake in those
referred to community treatment centers for DAA therapy
post-release. In addition, long-term follow-up studies monitor-
ing HCV reinfection are underway.

In conclusion, DAA therapy for hepatitis C using a decentral-
ized, nurse-led model of care was highly effective in increasing
hepatitis C treatment access to a large population of prisoners,
with high rates of hepatitis C cure. Given the high prevalence
of hepatitis C among prisoners, with many reporting current

Journal of Hepatology 2019 vol. 70 | 839-846



or recent injecting drug use, large scale prison treatment pro-
grams should be promoted to benefit both the individual pris-
oner and also hepatitis C elimination efforts in the broader
community.

Financial support

The Statewide Hepatitis Program is funded by the Department
of Justice and Regulation, State Government of Victoria,
Australia. TP received funding from an Australian Government
Research Training Program Scholarship and the Department of
Gastroenterology, St. Vincent’s Hospital Melbourne; AJT, ARL
and MH received funding from the National Health and Medical
Research Council of Australia (Practitioner Fellowships
1142976, 1043067 and 1112297 respectively). This work was
supported by NHMRC Partnership grant 1116161 and NHMRC
Program grant 1132902 with support from Gilead Sciences.

Conflict of interest
TP: honoraria from Merck. LM: honoraria from Gilead, Merck
and AbbVie. JH: investigator initial research funding to institu-
tion from Gilead. JD: investigator initiated research funding to
institution from Gilead, Merck, AbbVie and BMS. Honoraria to
institution from Gilead, Merck, and BMS. AP: no disclosures.
ARL: investigator initiated research funding to institution from
Gilead and Merck. MS: no disclosures. MH: investigator initiated
research funding to institution from Gilead, Merck, AbbVie and
BMS. DI: honoraria from AbbVie, BMS, Gilead and Merck. AJT:
investigator initiated research funding to institution from
Gilead, Merck, AbbVie and BMS; advisory board - Gilead,
AbbVie, BMS, Merck, Eisai. All other authors declare no conflicts
of interest.

Please refer to the accompanying ICMJE disclosure forms for
further details.

Authors’ contributions

TP was responsible for study design, analysis, acquisition and
interpretation of data, and drafting and revision of the manu-
script. LM, AC and LG were responsible for acquisition of the
data and revision of the manuscript content. PD was responsible
for substational contribution to the study conception and design
and revision of the manuscript content. DW, RW and NS were
responsible for analysis and interpretation of the data and revi-
sion of the manuscript content. JH was responsible for substan-
tial contribution to the conception and design of the study and
for revision of the manuscript content. JD and AP were respon-
sible for substantial contribution of study design and data inter-
pretation and revision of the manuscript content. AL was
responsible for substantial contribution to the conception and
design of the study and revision of the manuscript. MS and
MH were responsible for analysis and interpretation of the data
and revision of the manuscript. DI was responsible for study
design, analysis, acquisition and interpretation of the data and
revision of the manuscript. AT was responsible for a substantial
contribution to the conception and design, acquisition, analysis,
or interpretation of the data and drafting and revision of the
manuscript content. All authors were responsible for giving final
approval of the version to be published, and agree to be

Journal of Hepatology 2019 vol. 70 | 839-846

JOURNAL
OF HEPATOLOGY

accountable for all aspects of the work in ensuring that
questions related to the accuracy or integrity of any part of
the article are appropriately investigated and resolved.

Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jhep.2019.01.012.

References

[1] World Health Organisation. Combating hepatitis B and C to reach
elimination by 2030. May 2016.

[2] Shepard CW, Finelli L, Alter MJ. Global epidemiology of hepatitis C virus
infection. Lancet Infect Dis 2005;5:558-567.

[3] Enggist S, Mgller L, Galea G, Udesen C. Prisons and health. World Health
Organisation; 2014.

[4] Larney S, Kopinski H, Beckwith CG, Zaller ND, Jarlais DD, Hagan H, et al.
Incidence and prevalence of hepatitis C in prisons and other closed
settings: results of a systematic review and meta-analysis. Hepatology
2013;58:1215-1224.

[5] Fazel S, Bains P, Doll H. Substance abuse and dependence in prisoners: a
systematic review. Addiction 2006;101:181-191.

[6] Butler T, Simpson, M. Nation Prison Entrants’ Blood-borne Virus Survey
Report 2004, 2007, 2010, 2013, and 2016, Kirby Institute (UNSW Sydney)
2017.ISBN-13: 978-0-73343772-4.

[7] Cunningham E, Hajarizadeh B, Bretana N, Amin ], Betz-Stablein B, Dore G,
et al. Ongoing incident hepatitis C virus infection among people with a
history of injecting drug use in an Australian prison setting, 2005-2014:
The HITS-p study. ] Viral Hepatitis 2017;24:733-741.

[8] Dolan K, Moazen B, Noori A, Rahimzadeh S, Farzadfar F, Hariga F. People
who inject drugs in prison: HIV prevalence, transmission and prevention.
Int ] Drug Policy 2015;26:512-515.

[9] Scott N, McBryde ES, Thompson A, Doyle ]S, Hellard ME. Treatment scale-
up to achieve global HCV incidence and mortality elimination targets: a
cost-effectiveness model. Gut 2017;66:1507-1515.

[10] Fraser H, Martin NK, Brummer-Korvenkontio H, Carrieri P, Dalgard O,
Dillon ], et al. Model projections on the impact of HCV treatment in the
prevention of HCV transmission among people who inject drugs in
Europe. ] Hepatol 2018;68:402-411.

[11] Beck AJ, Maruschak LM. Hepatitis testing and treatment in state prisons:
US Department of Justice. Office of Justice Programs 2004.

[12] Kirwan P, Evans B, Group SSoHTS, Brant L. Hepatitis C and B testing in
English prisons is low but increasing. ] Public Health
2011;33:197-204.

[13] Rich JD, Beckwith CG, Macmadu A, Marshall BD, Brinkley-Rubinstein L,
Amon JJ, et al. Clinical care of incarcerated people with HIV, viral
hepatitis, or tuberculosis. Lancet 2016;388:1103-1114.

[14] Bielen R, Stumo SR, Halford R, Werling K, Reic T, Stover H, et al. Harm
reduction and viral hepatitis C in European prisons: a cross-sectional
survey of 25 countries. Harm Reduct ] 2018;15:25.

[15] Rich JD, Allen SA, Williams BA. Responding to hepatitis C through the
criminal justice system. N Engl ] Med 2014;370:1871-1874.

[16] Spaulding AC, Kim AY, Harzke AJ, Sullivan MJC, Linas BP, Brewer A, et al.
Impact of new therapeutics for hepatitis C virus infection in incarcerated
populations. Top Antiviral Med 2013;21:27.

[17] Sterling RK, Cherian R, Lewis S, Genther K, Driscoll C, Martin K, et al.
Treatment of HCV in the department of corrections in the era of oral
medications. ] Correct Health Care 2018;24:127-136.

[18] Department of Justice & Regulation — Corrections Victoria. Monthly Time
Series Prisoner and Offender Data. State Government of Victoria, 2017
accessed online 5th January 2018 at http://www.corrections.vic.gov.au/
utility/publications+manuals+and+statistics/monthly+time+series+pris-
oner+and+offender+data.

[19] Brussen KA. The Australian Guidelines to Reduce Health Risks from
Drinking Alcohol [online]. Chisholm Health Ethics Bulletin, Vol 15,
Autumn 2010: 9-12. accessed online 21st January 2018 at https://search.
informit.com.au/documentSummary;dn=996963794508484;res=IELA-
PA. ISSN: 1443-3591.

[20] Garcia-Tsao G, Abraldes ]G, Berzigotti A, Bosch ]J. Portal hypertensive
bleeding in cirrhosis: risk stratification, diagnosis, and management:

845


https://doi.org/10.1016/j.jhep.2019.01.012
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0010
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0010
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0015
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0015
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0015
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0020
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0020
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0020
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0020
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0025
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0025
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0035
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0035
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0035
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0035
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0040
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0040
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0040
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0045
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0045
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0045
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0050
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0050
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0050
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0050
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0055
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0055
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0060
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0060
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0060
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0065
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0065
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0065
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0070
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0070
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0070
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0075
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0075
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0080
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0080
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0080
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0085
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0085
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0085
http://www.corrections.vic.gov.au/utility/publications+manuals+and+statistics/monthly+time+series+prisoner+and+offender+data
http://www.corrections.vic.gov.au/utility/publications+manuals+and+statistics/monthly+time+series+prisoner+and+offender+data
http://www.corrections.vic.gov.au/utility/publications+manuals+and+statistics/monthly+time+series+prisoner+and+offender+data
https://search.informit.com.au/documentSummary;dn=996963794508484;res=IELAPA
https://search.informit.com.au/documentSummary;dn=996963794508484;res=IELAPA
https://search.informit.com.au/documentSummary;dn=996963794508484;res=IELAPA
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0100
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0100

Research Article

2016 practice guidance by the American Association for the study of
liver diseases. Hepatology 2017;65:310-335.

[21] European Association for the Study of the LiverEORTC. EASL 2013. EORTC
Clinical Practice Guidelines: Management of hepatocellular carcinoma. ]
Hepatol 2012;56:908-943.

[22] Australian Institute of Health and Welfare. National opioid pharma-
cotherapy statistics 2016. Australia Government, 2016 accessed online
5th January at https://[www.aihw.gov.au/reports/alcohol-other-drug-
treatment-services/national-opioid-pharmacotherapy-statistics-nop-
sad-2016/data.

[23] Marshall A, Nielsen S, Cunningham E, Aghemo A, Alho H, Backmund M,
et al. LBP-505-Restrictions for reimbursement of interferon-free direct-

846

Viral Hepatitis

acting antiviral therapies for HCV infection in Europe. ] Hepatol 2017;66:
S95-596.

[24] Larney S, Hickman M, Guy R, Grebely ], Dore GJ, Gray RT, et al. Estimating
the number of people who inject drugs in Australia. BMC Public Health
2017;17:757.

[25] European Association for The Study of The Liver. EASL recommendations
on treatment of hepatitis C 2018. ] Hepatol 2018;69:461-511.

[26] AASLD/IDSA HCV Guidance Panel, Chung RT, Davis GL, Jensen DM, Masur
H, Saag MS, et al. Hepatitis C guidance: AASLD-IDSA recommendations
for testing, managing, and treating adults infected with hepatitis C virus.
Hepatology 2015;62:932-954.

Journal of Hepatology 2019 vol. 70 | 839-846


http://refhub.elsevier.com/S0168-8278(19)30024-8/h0100
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0100
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0105
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0105
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0105
https://www.aihw.gov.au/reports/alcohol-other-drug-treatment-services/national-opioid-pharmacotherapy-statistics-nopsad-2016/data
https://www.aihw.gov.au/reports/alcohol-other-drug-treatment-services/national-opioid-pharmacotherapy-statistics-nopsad-2016/data
https://www.aihw.gov.au/reports/alcohol-other-drug-treatment-services/national-opioid-pharmacotherapy-statistics-nopsad-2016/data
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0115
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0115
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0115
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0115
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0120
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0120
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0120
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0125
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0125
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0130
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0130
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0130
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0130
http://refhub.elsevier.com/S0168-8278(19)30024-8/h0130

PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Papaluca T, Craigie A, McDonald L,
Edwards A, Maclsaac M, Holmes JA, et al. (2020)
Non-invasive fibrosis algorithms are clinically
useful for excluding cirrhosis in prisoners living
with hepatitis C. PLoS ONE 15(11): e0242101.
https://doi.org/10.1371/journal.pone.0242101

Editor: Chen-Hua Liu, National Taiwan University
Hospital, TAIWAN

Received: August 6, 2020
Accepted: October 26, 2020
Published: November 18, 2020

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0242101

Copyright: © 2020 Papaluca et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The data included in
this analysis includes sensitive information
regarding prisoners under the care of the
Department of Justice and Regulation, Victorian

RESEARCH ARTICLE

Non-invasive fibrosis algorithms are clinically
useful for excluding cirrhosis in prisoners
living with hepatitis C

Timothy Papaluca', Anne Craigie’, Lucy McDonald', Amy Edwards', Michael Maclsaac’,
Jacinta A. Holmes', Matthew Jarman’, Tanya Lee', Hannah Huang', Andrew Chan’,
Mark Lai', Vijaya Sundararajan®3, Joseph S. Doyle*®¢, Margaret Hellard*>*,

Mark Stoove?®, Jessica Howell"*®, Paul Desmond’, David Iser’, Alexander

J. Thompson'*

1 Department of Gastroenterology, St Vincent’s Hospital and the University of Melbourne, Melbourne,
Australia, 2 Department of Medicine, Dentistry and Health Sciences, University of Melbourne, Melbourne,
Australia, 3 Department of Public Health, La Trobe University, Melbourne, Australia, 4 Burnet Institute,
Melbourne, Australia, 5 Department of Epidemiology and Preventative Medicine, Monash University,
Melbourne, Australia, 6 Department of Infectious Diseases, The Alfred and Monash University, Melbourne,
Australia

* alexander. THOMPSON @svha.org.au

Abstract

Background and aims

Prison-based HCV treatment rates remain low due to multiple barriers, including accessing
transient elastography for cirrhosis determination. The AST-to-platelet ratio index (APRI)
and FIB-4 scores have excellent negative predictive value (NPV) in hospital cohorts to
exclude cirrhosis. We investigated their performance in a large cohort of prisoners with HCV
infection.

Methods

This was a retrospective cohort study of participants assessed by a prison-based hepatitis
program. The sensitivity, specificity, NPV and positive predictive value (PPV) of APRI and
FIB-4 for cirrhosis were then analysed, with transient elastography as the reference stan-
dard. The utility of age thresholds as a trigger for transient elastography was also explored.

Results

Data from 1007 prisoners were included. The median age was 41, 89% were male, and
12% had cirrhosis. An APRI cut-off of 1.0 and FIB-4 cut-off of 1.45 had NPVs for cirrhosis of
96.1% and 96.6%, respectively, and if used to triage prisoners for transient elastography,
could reduce the need for this investigation by 71%. The PPVs of APRI and FIB-4 for cirrho-
sis at these cut-offs were low. Age <35 years alone had a NPV for cirrhosis of 96.5%. In
those >35 years, the APRI cut-off of 1.0 alone had a high NPV >95%.
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Conclusion

APRI and FIB-4 scores can reliably exclude cirrhosis in prisoners and reduce requirement
for transient elastography. This finding will simplify the cascade of care for prisoners living
with hepatitis C.

Introduction

The advent of direct acting antivirals (DAAs) has revolutionised the treatment of chronic hep-
atitis C virus (HCV) infection. People living with HCV can now be treated with all oral, short
duration, and well tolerated DAA regimens which achieve cure rates in excess of 95% [1,2]. In
this context, the World Health Organization (WHO) has established targets for HCV elimina-
tion, including an 80% reduction in incident infections and a 65% reduction in HCV related
mortality by 2030 [3]. Mathematical modelling has demonstrated that to achieve these targets,
concerted efforts must be made to treat key populations with high risk for transmission includ-
ing people who inject drugs (PWID) [4].

Prisons provide an excellent opportunity to identify and treat people living with HCV given
the over-representation of people with injecting drug use histories and the associated high
prevalence of chronic HCV [5]; HCV seroprevalence exceeds 15% in prisons globally, and in
Australia is as high as 50% amongst incarcerated PWIDs [6,7]. Multiple data have now demon-
strated that prison-based HCV treatment is safe and effective and can reach prisoners in large
numbers [8-10]. Despite this, rates of HCV treatment in prisons worldwide remain low due to
multiple barriers [11]. These include frequent prisoner transfer interrupting treatment, short
sentence durations, the need for hospital transfer for specialist review and limited resourcing
for HCV testing and treatment [12,13]. One important barrier is access to TE (e.g. FibroS-
can™) for cirrhosis determination in the correctional setting [14].

Cirrhosis determination prior to HCV DAA initiation is important for decision-making
regarding treatment regimen and duration, and to identify those who require ongoing special-
ist referral for cirrhosis management and hepatocellular cancer (HCC) surveillance [15]. TE is
the most accurate non-invasive tool for cirrhosis determination and has largely replaced liver
biopsy in the community [16]. Access to TE within the correctional sector however is challeng-
ing and remains a significant barrier to care due to its high cost, limited availability of equip-
ment within prison health services, frequent need for prisoner transfer and issues with security
[10,17].

Based on routine blood tests, the AST-to-platelet ratio index (APRI) and the FIB-4 score
were developed to predict advanced fibrosis and cirrhosis, using community recruited samples
[18-21]. Both scores have subsequently been validated and demonstrate excellent negative pre-
dictive value for excluding advanced fibrosis or cirrhosis. Indeed, the WHO recommends both
APRI and FIB-4 as cost-effective tools for the assessment of hepatic fibrosis in resource-limited
settings [22]. Prisoner populations, however, are characterised by male gender, younger age, as
well as multiple high-risk behaviours that differ considerably from the hospital populations
used to validate these algorithms. Validation of simple serum-based fibrosis markers for use in
the correctional setting to triage prisoners at risk of cirrhosis would be clinically useful and
help improve the cascade of care by reducing treatment costs and the time delay and logistical
challenges associated with TE.

We have therefore evaluated the accuracy of non-invasive fibrosis algorithm scores includ-
ing APRI and FIB-4 as a practical triage tool for excluding cirrhosis in the correctional setting.
This analysis was conducted using a large cohort of prisoners with HCV infection with a view
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to simplifying clinical pathways by reducing the number of prisoners requiring TE, therefore
improving the HCV cascade of care.

Materials and methods
Participants

This was a retrospective cohort study investigating the performance of the APRI and
FIB-4 in a prison setting. The cohort provided prospectively collected data from all pris-
oners with HCV infection evaluated through the Statewide Hepatitis Program in Victo-
ria, Australia. Prisoners evaluated for HCV infection were consecutively recruited from
November 2015. This model of care has been described in detail previously [8]. Prisoners
who self-reported a prior HCV diagnosis or who were identified as HCV seropositive
whilst incarcerated were referred to the Statewide Hepatitis Program for face-to-face
protocol-driven assessments with a program nurse. Clinical assessments were conducted
at all 16 adult prisons throughout Victoria, which are serviced by the program. Pathology
testing was performed by the diagnostic laboratory affiliated with each correctional facil-
ity. A database was created containing participants’ baseline clinical characteristics,
blood test results and liver stiffness measurement (LSM) median scores, interquartile
ranges (IQR) and IQR:median ratios. Blood-based investigations that were recorded
included haemoglobin, white blood cell count, platelet count, creatinine, urea, sodium,
alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl
transpeptidase (GGT), alkaline phosphatase (ALP), bilirubin, albumin, international
normalised ratio (INR), hepatitis B/C serology, HIV serology, and HCV genotype and
viral load.

Prisoners were excluded if they had insufficient blood test results to calculate the APRI or
FIB-4 scores within 6 months of TE, if TE had not been performed, if IQR:median ratio
exceeded 0.3 or the absence of current HCV infection, defined as detectable HCV RNA (Fig

1).

1300 prisoners assessed from 01/11/2015

Prisoners excluded

HCV PCR negative (109)
ALT/AST/Plaletet not available (88)
No FibroScan result (76)

FibroScan IQR/median >0.3 (20)

1007 prisoners included in analysis

Cirrhotic = 124 Non cirrhotic = 883

APRI>1.0=96 APRI<1.0 =28 APRI > 1.0 =193 | APRI < 1.0 = 690
FIB4 >1.45 =99 FIB4 <1.45 =25 FIB4 >1.45 = 182 FIB4 <1.45 = 701

Fig 1. Consort diagram. Legend IQR, interquartile range.
https://doi.org/10.1371/journal.pone.0242101.g001
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Liver cirrhosis determination

TE was used for cirrhosis determination at each prisoner’s initial clinical assessment to guide
appropriate management. Cirrhosis was defined as a median LSM of >12.5kPa, in keeping with
Australian HCV consensus guidelines [23,24]. Blood-based and radiologically investigations
were also arranged at this review, where appropriate. TE was performed using FibroScan™
(Echosens) with the ‘M’ or XL’ probe, as determined by the participant’s body mass index (BMI)
and body habitus. Measurements were collected in the mid-axillary line until ten valid readings
were recorded. The LSM results was deemed valid only when the IQR/median ratio was less than
0.3 and when performed prior to HCV DAA initiation. All transient elastography was performed
by three hepatology clinical nurse consultants who had performed at least 100 supervised exami-
nations for credentialing. The APRI and FIB-4 scores were then determined for each prisoner.
The APRI was calculated as [(AST/Upper limit of normal of AST) x 100]/ [Platelets(10°/L)] [18].
The FIB-4 score was calculated as [(age x AST)/ (platelets(lOg/L) x ALTY3)] [19].

Statistical methodology and analysis

Statistical analyses were performed using STATA 12.0 (StataCorp LP, College Station, TX,
USA). Categorical data were described as number and percentage and interval data as median
and IQR.

Data were used to determine the sensitivity, specificity, PPV and NPV of the APRI and
FIB-4 scores to diagnose or exclude cirrhosis using standard analytical approaches. Perfor-
mance of APRI and FIB-4 were assessed against gold-standard TE assessments. Cut-offs of 1.0
and 2.0 for APRI, and 1.45 and 3.25 for FIB-4 were selected on the basis of having been previ-
ously validated in other data for the diagnosis of cirrhosis and advanced fibrosis (METAVIR
F3/4), respectively [18-20]. Two analyses for FIB-4 at these thresholds were considered,
including for advanced fibrosis (LSM >9.5kPa) (for which this algorithm was originally vali-
dated) and for cirrhosis (>12.5kPa). The reduction in requirement for TE was also determined
should prisoners be triaged for TE using these algorithms cut-offs.

In addition to APRI and FIB-4, given the young average age of prisoner populations globally
and the slow natural history of HCV infection [25], the sensitivity, specificity, NPV and PPV of
binary age thresholds alone to predict or exclude cirrhosis were also analysed, to determine if strati-
fying fibrosis assessment by age could minimise the need for TE while maintaining high NPV. The
age thresholds were determined by the data and the quartile values (25", 50" and 75™) were
selected for analysis. The cohort was then separated by these age values and we determined the pre-
dictive value of APRI at a cut off of 1.0 in these groups separately to contribute to new clinical path-
ways for fibrosis assessment for the entire prison cohort incorporating age categories. This novel
fibrosis assessment pathway was then validated using data from an additional cohort of prisoners.

Ethics statement

This study was approved by the St Vincent’s Hospital Human Research Ethics Committee.
The study was granted a waiver of consent as all data were analysed anonymously. The study
conformed to the ethical guidelines of the 1975 Declaration of Helsinki, Good Clinical Practice
Guidelines, and regulatory requirements.

Results
Prisoner characteristics

In total, data from 1300 was assessed. Two hundred and ninety three prisoners were excluded
including 109 who were HCV PCR negative, 88 who had insufficient blood test results to
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calculate APRI and/or FIB-4 (n = 88), 76 who did not undergo TE (n = 76) and 20 who had
LSM IQR:median >0.3 (n = 20) (Fig 1). As such, 1007 were included in the analysis. Baseline
characteristics are described in Table 1. In short, prisoners were prominently male (89%), the
median age was 41 [35-47] years, HCV GT3 infection was the most common genotype (46%),
and there were low rates of HBV and HIV coinfection (1%). One hundred and twenty-four
individuals (12%) were cirrhotic, as defined by TE (LSM > 12.5kPa, n = 124/1007). The
median APRI score was 0.66 [0.41-1.09] and median FIB-4 score was 1.02 [0.69-1.54]

(Table 2). The median time between the collection of blood-based investigations and transient
elastography was 34 days [IQR 13-86 days].

Performance of APRI or FIB-4 scores for cirrhosis in prisoners

The performance of the APRI and FIB-4 scores for cirrhosis (LSM > 12.5kPa) at previously
validated thresholds are presented in Table 3. An APRI score cut-off of 1.0 had a sensitivity
and specificity for cirrhosis of 77.4% and 78.1%, respectively. The NPV of APRI <1.0 to
exclude cirrhosis was 96.1%. If this cut-off was incorporated into prison fibrosis assessment
protocols where only prisoners with an APRI >1.0 were referred for TE, the need for FibroS-
can®™ would reduce by 71% (n = 718/1007). The PPV at this threshold was low (33.2%), mean-
ing that these prisoners would still require TE for cirrhosis confirmation. At the higher APRI
cut-off of 2.0, the PPV was higher (48.4%), but resulted in lower NPV (91.4%) and sensitivity
(36.3%)-using an APRI cut-off of 2.0 alone to exclude cirrhosis would have meant that 64%

(n =79/124) cases of cirrhosis were missed (S1 Table).

Similar patterns were observed using different FIB-4 cut-offs, with the lower cut-off score
of 1.45 associated with a high NPV for the exclusion of cirrhosis, and a low PPV (Table 3). Ata
higher cut-off score of 3.25, the specificity of the score was enhanced, however the sensitivity
and NPV were significantly reduced (Table 3).

Table 1. Prisoner baseline characteristics.

Baseline characteristics n=1007

Age, median [IQR] 41 [35-47]

BMI, median [IQR] 28.4 [25.3-32.2]

Male sex, n (%) 899 (89)
Indigenous Australian, n (%) 133 (13)

HCV viral load IU/mL, median [IQR] 757,000 [193,250-3,130,750]

HCV Genotype, n, (%) b

435(43) SRS

HBsAg positive, n (%) 14 (1
HIV Ab positive, n (%) 12 (1)
ALT, median [IQR] 81 [53-132]
AST, median [IQR] 52 [36-79]
Platelets, median [IQR] 234 [192-276]
Cirrhotic, n (%) 124 (12)

Baseline characteristics of prisoner population at initial assessment. Legend, BMI, body mass index, GT, genotype.

https://doi.org/10.1371/journal.pone.0242101.t001
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Table 2. Results of cirrhosis determination using APRI, FIB-4 and elastography.

Cirrhosis determination n=1007

APRIscore, n (%) b

et S el e 78T

L OO OO OO OO 4.2 SO
«>20 93 (9)

FIB-4 score, n (%)

e« >12.5kPa 124 (12)

Results of cirrhosis determination using APRI, FIB-4 and elastography.

https://doi.org/10.1371/journal.pone.0242101.t1002

The performance of FIB-4 for diagnosing or excluding advanced fibrosis (LSM >9.5kPa) at
previously validated threshold was also analysed (S1 Table).

Age thresholds for the exclusion of cirrhosis

The sensitivity, specificity, NPV and PPV of age thresholds alone for cirrhosis were deter-
mined. The binary age thresholds selected for analysis were 35, 41 and 47 years, representing
the quartile values for the cohort. The binary variable of prisoner age <35 achieved a NPV for
cirrhosis of 96.5%, due to the low prevalence in this group (3.5%, n = 9/258) (Table 4). If no
formal fibrosis assessment was performed for prisoners aged <35, nine cases of cirrhosis
would be missed, representing 1% of the total cohort. The NPV of the age thresholds 41 and 47
years alone to exclude cirrhosis decreased to 94.7% and 91.6%, respectively, due to the increas-
ing prevalence of cirrhosis in these age groups (Table 4). Furthermore, as the age threshold

Table 3. Accuracy of APRI and FIB4 in predicting cirrhosis as compared to transient elastography.

For prediction of cirrhosis

APRI
<10
>1.0
<20
>2.0
FIB4
<145
>1.45
<325
>3.25

718 (71)
289 (29)
914 (91)
93 (9)

713 (71)

294 (29)

960 (95)
47 (5)

Liver stiffness measurement

All prisoners (n =1007) n (%) < 12.5kPa (n=883) n (%) > 12.5kPa (n=124) n (%) Sensitivity % Specificity % PPV % NPV %

690 (78) 28 (23) 77 78 33 9%

193 (22) 96 (77)

835 (95) 79 (64) 36 95 48 91
48 (5) 45 (36)

688 (78) 25 (20) 80 78 34 97

195 (22) 99 (80)

871 (99) 89 (72) 28 99 75 91
12 (1) 35 (28)

Sensitivity, specificity, NPV and PPV of the APRI and FIB-4 scores to diagnose or exclude cirrhosis (LSM>12.5kPa) represented as percentages. Legend, NPV, negative

predictive value, PPV, positive predictive value.

https://doi.org/10.1371/journal.pone.0242101.t003
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Table 4. Performance of age categories for predicting cirrhosis as compared to transient elastography.
Liver stiffness measurement
All prisoners (n = 1007) n (%) < 12.5kPa (n =883) n (%) > 12.5kPa (n=124) n (%) Sensitivity % Specificity % PPV % NPV %

For prediction of cirrhosis

Age

<35 258 (26) 249 (28) 9(7) 92 28 26 97
> 35 749 (74) 634 (72) 115 (93)

<41 528 (52) 500 (57) 28 (23) 77 57 20 95
> 41 479 (48) 383 (43) 96 (77)

<47 752 (75) 689 (78) 63 (51) 49 78 24 92
> 47 255 (25) 194 (22) 61 (49)

Ability of age alone to diagnose or exclude cirrhosis, with TE as the reference standard. Legend, NPV, negative predictive value, PPV, positive predictive value.

https://doi.org/10.1371/journal.pone.0242101.t004

increased, the number of prisoner with cirrhosis who were missed, increased. We also calcu-
lated the NPV using the combination of age and APRI (APRI cut-off of 1.0 for prisoners aged
<35 and >35 to exclude cirrhosis (Table 4)). Amongst the age <35 years subgroup, an APRI
cut-off of 1.0 was associated with a NPV of 99.0%, however would result in 26% of this age
group requiring TE who had an APRI >1.0. In those >35 years old, the NPV of APRI 1.0
remained satisfactory and was >95%, which could reduce the need for TE by 70% in this age
group (Table 5).

Finally, a novel fibrosis assessment algorithm of performing TE only in prisoners >35 years
and only when APRI >1.0 would achieve a NPV of >95% for cirrhosis and reduce the need
for TE by 78% of the entire cohort (Fig 2). The NPV for cirrhosis was sustained at 97% when
this fibrosis assessment pathway was applied to a validation cohort of 189 prisoners, 11%

(n = 20/189) of whom were cirrhotic, and referral for TE would be reduced by 83% (n = 156/
189) (S2 Table).

Discussion

HCV treatment within prisons is important for global viral elimination, however the require-
ment for TE for fibrosis assessment presents barriers to efficient HCV care in custodial set-
tings. Our data demonstrate that the APRI and FIB-4 serum scores can be useful to stratify risk
of cirrhosis in a prison population, using validated thresholds from hospital-based cohorts.

Table 5. Performance of APRI in different age categories for predicting cirrhosis as compared to transient elastography.
Liver stiffness measurement
All prisoners (n = 1007) n (%) < 12.5kPa (n =883) n (%) > 12.5kPa (n=124) n (%) Sensitivity % Specificity % PPV % NPV %

For prediction of cirrhosis

Age + APRI

<35

APRI < 1.0 192 (19) 190 (21) 2(2) 78 76 11 99
APRI > 1.0 66 (7) 59 (7) 7 (6)

>35

APRI< 1.0 526 (52) 500 (57) 26 (21) 78 79 40 95
APRI > 1.0 223 (22) 134 (15) 89 (71)

The performance of APRI in age categories < 35 and >35 to diagnose or exclude cirrhosis. Legend, NPV, negative predictive value, PPV, positive predictive value.

https://doi.org/10.1371/journal.pone.0242101.t005
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HCV RNA positive

prisoners

I

|
ma  APRI>1.0 G Elastography
= APRI<1.0

Fig 2. A novel clinical pathway for fibrosis assessment prior to HCV treatment in prisons. This pathway achieves a
NPV for cirrhosis of >95% in all prisoners and minimises the need for FibroScan by 78%.

https://doi.org/10.1371/journal.pone.0242101.g002

Commence
HCV treatment

When applied to our cohort of prisoners with HCV infection, APRI and FIB-4 thresholds of
1.0 and 1.45, respectively, were associated with NPV for cirrhosis in excess of 96%. The sensi-
tivity and PPV for both algorithms, however, was low. The data, therefore, demonstrate that
the strength of these algorithms lies in the exclusion, rather than confirmation, of cirrhosis.
The NPV of binary age thresholds for excluding cirrhosis were also investigated. The NPV of
age <35 alone exceeded 96%, and could be incorporated into fibrosis assessment protocols to
improve HCV treatment throughput. The use of APRI and FIB-4 have been prioritised by the
WHO for cirrhosis determination in low- and middle-income countries due to their availabil-
ity and low cost [18]. Similarly, prison health services provide complex care to prisoners in
large numbers, including for HCV infection, yet operate under significant fiscal restrictions.
Therefore, the use of these indices to minimise cost and streamline care should be expanded.

Both APRI (threshold of 1.0) and FIB-4 (threshold 1.45) had NPVs of >96% for cirrhosis.
We believe that this NPV is such that a second test for fibrosis determination is not required.
The use of these thresholds to determine need for TE would result in a 70% reduction in the
number of prisoners being referred for TE. As such, these indices could help simplify pathways
of care for HCV in prisons and promote increased treatment capacity. While mobile FibroS-
can™ units are available, high equipment costs and mandatory training requirements mean
that it is not feasible to have them routinely available in many prisons. As there are significant
costs and logistics associated with transporting prisoners to tertiary hospitals or a central
prison where a FibroScan®™ might be available, the reliance on TE for fibrosis assessment rep-
resents a significant challenge for expanding HCV treatment coverage in prisons. Using these
algorithms to reduce the need for TE in the majority while maintaining a high NPV is signifi-
cant, as delays in facilitating this investigation are at odds with the short average duration of
incarceration, meaning some prisoners would be released without treatment. The NPV of
APRI and FIB-4 are influenced by cirrhosis prevalence, and our cohort of predominately
young male prisoners is well suited for their use.

PLOS ONE | https://doi.org/10.1371/journal.pone.0242101 November 18, 2020 8/11
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Our data also demonstrate that age <35 years has a very high NPV for cirrhosis (96.5%),
and that there is little clinical utility in applying blood-based algorithms or TE to this popula-
tion. Evaluation of liver fibrosis in those <35 years might be restricted to people with clinical
risk factors for cirrhosis, such as multiple spider naevi. In prisoners >35 years there is a higher
prevalence of cirrhosis, and in this group formal fibrosis evaluation is important. APRI <1.0
had a NPV for cirrhosis of >95% in prisoners >35 years, reducing the need for TE by 70% in
this age group. Therefore, LSM could be reserved for those prisoners >35 years who have
APRI >1.0. Combined, this approach achieves a NPV of >95% across the entire cohort and
minimised the need for TE by 78% (Fig 2). When applied to a validation cohort, the NPV of
this approach was sustained and <20% would require referral for TE.

Despite the high NPV of the FIB4, APRI and age < 35 to exclude cirrhosis, a small number
of cirrhotic prisoners were miscategorised. Using a FIB-4 cut off of 1.45 for TE, 2% (n = 25/
1007) of the overall cohort and 20% (n = 25/124) of cirrhotics were incorrectly identified as
non-cirrhotic. This was similar for an APRI threshold of 1.0 (3% miscategorised, n = 28/1007).
All miscategorised prisoners were Child-Turcotte-Pugh class A and had preserved platelet
counts. As such, the main implication for those miscategorised is exclusion from HCC surveil-
lance. Achieving cure for these prisoners however will lead to significant reductions in their
HCC risk and more broadly, non-HCC liver related morbidity and mortality [26]. Therefore,
the reduction in prison-based HCV treatment throughput if TE is required for all prisoners
must be considered. By stratifying the need for TE using fibrosis algorithms, it is anticipated
that program efficiencies would be streamlined and that a greater number of prisoners would
be treated, preventing the progression to cirrhosis and HCC in many.

The data demonstrate that the strength of APRI and FIB-4 are for excluding, rather than
diagnosing cirrhosis. The higher APRI and FIB4 scores at thresholds of 2.0 and 3.25, which are
recommended in WHO guidelines, were analysed for their ability to diagnose cirrhosis. Whilst
achieving high specificity at these thresholds (>95% for both APRI 2.0 and FIB4 3.25), their
sensitivity was low and the majority of prisoners with cirrhosis were not diagnosed. As such,
these algorithms perform poorly when used to diagnose cirrhosis within custodial settings and
offer little clinical utility in prison HCV assessment pathways.

There is now increased focus on how best to utilise public health platforms to achieve the
WHO elimination goals by 2030. Mathematical modelling has demonstrated to achieve this
agenda, PWIDs must be prioritised as they contribute most to incident HCV infection [4].
The effectiveness of prison-based HCV care has now been widely described [8-10]. However,
the propagation of similar programs worldwide requires simplification of HCV assessment
algorithms to reduce cost, particularly for other countries operating within tight fiscal budgets.
Our analysis demonstrates that APRI and FIB-4 maintain a high NPV for cirrhosis when used
at their validated thresholds in the prison setting. Our new algorithm incorporating age as a
categorical variable and only performing non-invasive blood test algorithms to exclude cirrho-
sis in those >35 years exclusively is a practical way to more aggressively reduce the number
requiring LSM while maintaining a high NPV. Such strategies will expedite HCV assessment
and minimise costs and therefore have an important role in the prison settings in the era of
viral hepatitis elimination.

Supporting information

S1 Table. Accuracy of FIB4 in predicting significant fibrosis as compared to transient elas-
tography.

(DOCX)
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S2 Table. Performance of novel fibrosis assessment pathway applied to a validation cohort.
(DOCX)
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Effective prison-based
treatment and linkage
to care after release

We read with interest Lara Tavoschi and
colleagues’ Article on the management
of infectious diseases in European
prisons.! The authors describe the high
burden of communicable diseases,
including hepatitis C virus (HCV), in
European prisons and how prioritising
health care in this sector has benefits
for both prisoners and the broader
community. Similarly, in Australia,
there is a disproportionately high
HCV seroprevalence among people
in prison, reaching up to 50% among
those who inject drugs.?

WHO has prioritised the elimination
of HCV as a public health threat by
2030, and the prison setting must be
used to engage prisoners living with
HCV in care to achieve these targets.
The high prevalence in prisons of both
HCV infection and people who inject
drugs, and the short average length of
incarceration, make prisons ideal for
diagnosing infection and providing
short-duration, highly effective direct-
activing antiviral (DAA) therapy. In this
setting, we recently described a nurse-
led model of care for HCV treatment
in prison that was safe and achieved
cure rates greater than 95% among
prisoners.* These data endorse Tavoschi
and colleagues’ recommendations
and show that system-wide prison
programmes are feasible and effective.
Importantly, more than 80% of
these prisoners had never engaged in
specialist HCV care in the community,

and 68% reported injecting in the
month before incarceration. Prison-
based health care can engage people
who do not traditionally participate
in HCV care and interrupt onward-
transmission networks.

Another important health-care gap
is linkage to care after release from
prison. In a pilot study, we evaluated
the rate of successful linkage to HCV
care among recently released prisoners.
All prisoners had a comprehensive
HCV assessment while incarcerated
and were planned for treatment
before release. On release, participants
were referred to a local primary care
practice with a detailed summary of
their clinical work-up to streamline
DAA prescription. There were no cost
barriers to treatment uptake. The rate
of treatment uptake was determined
by registration with the national drug
authorisation registry, required before
DAA treatment can be dispensed.
Among 75 former prisoners, only
19 (25%) were prescribed DAAs within
6 months of release. Of these, seven
(37%) commenced treatment in prison
when re-incarcerated during this
period. Re-incarceration was the only
predictor significantly associated with
DAA initiation.

This period of time immediately
after release from prison can be
challenging, characterised by
competing priorities including
renegotiating social networks, finding
stable accommodation, and managing
recidivism.® There is a need for new
models of care to optimise linkage to
care after release from prison for this
vulnerable population.
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Living in the shadows of
hepatitis

Viral hepatitis is a substantial public
health problem with an annual
mortality rate of 1-34 million deaths,
which is similar to mortality from
HIV (1-1 million) and tuberculosis
(1-4 million).* The most common causes
of viral hepatitis are the five distinct
hepatotropic viruses: hepatitis A to E.
Hepatitis B and C have been shown to
attack the liver and cause both acute
and chronic diseases. Globally, an
estimated 257 million people have
chronic hepatitis B infections and
another 71 million suffer from
hepatitis C infections.

The prevalence of viral hepatitis
infections varies by geographical region,
but Middle East and North Africa
(MENA) has been identified as the
region most affected by viral hepatitis
worldwide. The main culprits for this
widespread prevalence of viral hepatitis
are factors such as socioeconomic
conditions, migration, vaccination, and
treatment policies. The MENA region
shows wide range of viral hepatitis
causes, viraemic prevalence, and
diversity in hepatitis B and C genotype
distributions.” Although hepatitis A and
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Background: Direct-acting antivirals (DAA) have revolutionised hepatitis C virus (HCV) treatment, and most
regimens include an NS5A inhibitor. Certain amino-acid substitutions confer resistance to NS5A inhibitors,
termed resistance-associated substitutions (RAS). If present at baseline, they can reduce virological response
rates. Population-based sequencing (PBS) is generally used for baseline sequencing, however next generation
sequencing (NGS) reduces the threshold for detection of sequences encoding RAS from 20% to 5%. We de-
termined the prevalence of NS5A RAS at baseline amongst Australian chronically infected with genotype (GT)1a,
GT1b and GT3 HCV, using both PBS and NGS.

Methods: Samples from DAA-naive individuals were received at the Victorian Infectious Disease Reference
Laboratory between June 2016 and December 2018. All samples were analysed for NSS5A RAS using PBS. A
subset of GT1 HCV samples were processed using NGS technology (Vela Diagnostics, Singapore) to determine the
improvement in sensitivity.

Results: In total, 672 samples were analysed using PBS. The baseline prevalence of NS5A RAS was 7.6% for GT1a
(n = 25/329), 15.7% for GT1b (n = 8/51) and 15.1% for GT3 (n = 44/292). NGS only marginally increased
sensitivity for NS5A RAS at baseline in GT1a (16% vs 17%) and GT1b (29% vs 36%).

Conclusion: The prevalence of NS5A RAS in GT1a HCV in Australia was low compared with international data,
and was similar to other reported international prevalence for GT1b and GT3 infection. NGS at baseline only
marginally increased sensitivity for the detection of NS5A RAS in patients with GT1 HCV and cannot be re-
commended for routine use at baseline in clinical practice.

1. Background

It is estimated that hepatitis C virus (HCV) infection affects 71
million people globally [1]. Direct-acting antiviral (DAA) therapy tar-
geting the NS3, NS5A and the NS5B proteins has revolutionised HCV
treatment, and cure rates exceed 90% in real world settings. Amongst
those infected, the poor fidelity of the HCV viral polymerase generates a
range of genetic variants, some which result in amino-acid poly-
morphisms. These can reduce viral susceptibility to DAAs and are
known as resistance-associated substitutions (RAS); they have been
detected at baseline and virological relapse.

The presence of HCV NS5A RAS at baseline can affect treatment
outcomes and certain NSS5A RAS have been implicated in diminished
sustained virological response rates (SVR) [2-4]. As such, guidelines

recommend HCV NS5A RAS testing at treatment baseline for particular
regimens, including elbasvir/grazoprevir; for this regimen, the detec-
tion of specific NS5A RAS requires extension of treatment duration and
addition of ribavirin [5]. The prevalence of baseline HCV RAS varies
among geographical regions. In Australia there are limited data re-
garding the prevalence of baseline genotype (GT)la and GT1b NS5A
RAS [6]. Recent data has demonstrated a baseline GT1la NS5A RAS
prevalence of 11.9% in one Australian region [7], however there are no
Australian prevalence data regarding baseline HCV GT3 or GT1b NS5A
RAS, nor data evaluating the utility of next generation sequencing
(NGS) at baseline.

Population-based sequencing (PBS) for detection of NS5A RAS has a
threshold limit of approximately 20%. The added yield of NGS, as well
as the clinical relevance of low frequency variants remains unclear [8].
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In this context, we determined the frequency of NS5A RAS in DAA-
naive HCV GT1a, 1b and 3 in Australia, using both PBS and NGS.

2. Objectives

We tested for NS5A RAS in a large population of DAA-naive in-
dividuals who had a baseline serum sample sent for sequencing studies
prior to DAA treatment in Victoria, Australia. We restricted analysis to
individuals infected with HCV GT1a, GT1b or GT3 infection. All sub-
jects were tested for NS5A RAS using PBS. A subset of participants with
GT1la and GT1b HCV were also tested for NS5A RAS using NGS.

3. Study design
3.1. Clinical samples

All serum samples received at the Victorian Infectious Disease
Reference Laboratory between June 2016 and December 2018 were
investigated. HCV genotype was previously determined with the Abbott
RealTime genotyping II assay or the Versant HCV Genotype 2.0 assay
(Siemens Healthcare Diagnostics, Surrey, UK). All participants were
verified as DAA-naive from their medical record. RNA was extracted
from 200 pL of patient serum and eluted to 100 uL. by an automated
method, using the Abbott m2000 instrument (Abbott MolecularAbbott
Park, IL) and the Sample Preparation Systemgya kit (AbbottMolecular).

3.2. Population sequencing approach

The NS5A region (639nt) was amplified in a nested PCR using
primers with Superscript III one-step RT-PCR system with Platinum Taq
(Invitrogen, Waltham, MA) and Taq DNA Polymerase (Qiagen, Hilden,
Germany). Purified PCR product was sequenced using ABI-Prism 3730
Genetic Analyser (Applied Biosystems, Life Technologies, Ltd, Paisley,
UK). Using the ABI sequence analysis program SeqScape version 2.1.1
(Applied Biosystems), a consensus sequence was generated and aligned
to a stored GenBank HCV reference sequence (Subtype 1a H77, subtype
1b Con 1, and subtype 3a HPCK3A).

3.3. Next generation sequencing approach

A subset of HCV GT1 samples were also tested using the NGS
platform Sentosa® SQ HCV Genotyping assay (Vela Diagnostics,
Singapore). With an initial input of 530 pL of serum, RNA was isolated
from serum samples by an automated method using the Vela
Diagnostics Sentosa® SX101 instrument. The PCR amplification step was
performed off-board and the plate returned to the Sentosa® SX101 in-
strument for normalisation, enzymatic shearing, purification, adapter
ligation and library pooling. After emulsion PCR and enrichment of the
ion sphere particles, the amplicons were then subjected to NGS on the
Sentosa® SQ301 Sequencer, with the data analysed by the Sentosa® SQ
Suite software. The threshold for detection of this platform is 5%.

3.4. Definition of NS5A resistance associated substitutions

HCV NS5A RAS were defined as polymorphisms encoded by the
NS5A gene associated with at least two-fold reduced susceptibility to
available NS5A inhibitors in in-vitro cell-based replicon assays [9-11].
All changes at positions 24, 28, 30, 31, 58, 92 and 93 were investigated.

3.5. Ethical considerations

This study was approved by the St Vincent’s Hospital Melbourne
Human Research Ethics committee (HREC/17/SVHM/143).
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Table 1
Frequency of NS5A RAS at treatment baseline amongst subjects chronically
infected with GT1a, 1b and 3 HCV using a population sequencing approach.

Frequency of baseline HCV ~ NS5A RAS GT1la GT1b GT3

RAS,

N (%)

Samples with NS5A RAS 25/329 8/51 44/292

identified (7.6) (15.7) (15.1)
Single RASs at NS5A
position:

28 M28L 1 (0.3)
M28T 2 (0.6)
M28V 9(2.7)

30 A30K 15 (5.1)
A30S 401.49
A30V 1(0.3)
Q30H 1(0.3)
Q30R 1(0.3)

31 L31M 6 (1.8) 3.9
L31V 1(0.3)

92 A92T 1(2.0)

93 Y93H 1(0.3) 4(7.8) 18 (6.2)
Y93N 1(0.3)
Y93S 1(0.3)

Dual RAS at NS5A position

28, 58 M28V, 1(0.3)
H58Q

30, 31 A30K, 2(0.7)
L31M

93, 30 Y93H, A30K 2(0.7)
Y93H, A30T 2(0.7)

Prevalence of NS5A RAS detected via population sequencing at baseline, pre-
sented by genotype, as frequencies and (percentages). Abbreviations: GT,
genotype, RAS, resistance-associated substitution, HCV hepatitis C Virus.

4. Results
4.1. Prevalence of NS5A RAS using PBS

In total, 672 samples were analysed. There were 329 HCV GTla
samples, and 26 NS5A RAS were identified in 25 patient samples (7.6%,
n = 25/329) (Table 1). The most frequent GT1a NS5A RAS were M28 V
(2.7%, n = 9/329) and L31 M (1.9%, n = 6/329). Dual NS5A RAS were
identified in one sample (Table 1).

There were 51 HCV GT1b samples. NS5A RAS were identified in
15.7% (8/51) (Table 1). Y93H was most frequently identified (7.8%,
n = 4/51), then L31 M (5.9%, n = 3/51) and A92T (2.0%, n = 1/51).

There were 292 GT3 HCV samples (subtype 3a accounts for almost
all GT3 infection in Australia [12]) and 47 NS5A RAS were identified in
44 patient samples (15.1%, n = 44/292)(Table 1). The most prevalent
single RAS included Y93H (6.2%, n = 18/292) and A30K (5.1%,
n = 15/292). Dual RAS were identified in six samples(Table 1).

4.2. Benefit of NGS at baseline in GT1a and 1b samples

Eighty-nine GT1la and 14 GT1b samples were also analysed using
NGS, of which 75 and 10 respectively had no NS5A RAS detected by
PBS. NGS confirmed that the RAS detected by PBS were the dominant
quasispecies (Table 2). NGS detected additional low frequency variants
in 2/89 GT1a samples (in one of which no RAS was detected by PBS)
and 1/14 GT1b samples, Table 2).

5. Discussion

This is the first Australian data describing the frequency of baseline
HCV GT1b and GT3 NS5A RAS amongst DAA-naive individuals with
chronic HCV infection, and contributes to recent data regarding HCV
GT1la RAS [7].

HCV NS5A RAS were detected in 7.6% of people with GTla HCV
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Table 2
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Positive NS5A RAS results among a subset of GT1a and GT1b HCV, including the increased sensitivity of NGS over PBS methods.

Sample code Population based sequencing | Next Generation sequencing
GTla
8 M28V M28V (52.3%)
11 M28V M28V (91.1%)
15 L31M L31M (99.65%)
21 Y93H Y93H (16.4%)
36 L31M L31M (28.3%)
37 L31M L31M (99.54%)
39 M28T M28T (99.78%)
45 M28V M28V (96.7%)
Q30R (5.6%)
50 Q30H Q30H (99.7%)
53 M28T M28T (17.0%)
62 M28v M28V (99.1%)
83 L31M L31M (45.2%)
86 No RAS detected L31M (5.4%)
87 L31M L31M (98.9%)
88 M28Vv M28V (66.4%)
GT1b
1 L31M L31M (79.6%)
2 L31M L31M (99.5%)
3 L31M L31M (99.1%)
9 No RAS detected Y93H (8.2%)
14 Y93H Y93H (68.3%)

Comparison between the frequency of detection of NS5A RAS between PBS and NGS methodologies. GT1a samples 45 and 86 and GT1b sample 9 (highlighted in
blue) represent serum samples where a single or dual NS5A RAS were identified by NGS (including the percentage of the prevalent virus) which was not detected by

PBS.

infection. The most prevalent GT1a NS5A RAS were M28 V and L31 M.
Certain baseline NS5A RAS at positions M28, Q30, L31 and Y93 are
relevant for GT1a patients treated with elbasvir and grazoprevir, and
pre-treatment testing is recommended when this regimen is utilised in
certain regions. Our data demonstrates a low prevalence of these sub-
stitutionsin HCV infected Australian patients. The prevalence of GT1a
NS5A RAS in this study was lower than recent Australian data and may
be partly explained by the exclusion of secondary variants such as at
residue H58, when identified in isolation [7]. Large international DAA
registration trials have demonstrated a higher prevalence of 11-23% in
GT1la HCV [3,13,14], and 16% in a subset from Oceania [6]. Smaller
overseas studies have also reported higher GT1a NS5A RAS frequencies

86

of 10-17% (15-17). Our lower prevalence supports Australian guide-
lines that baseline PBS to detect pre-existing RAS is not indicated [18].

The frequency of RAS among GT1b and GT3 HCV was similar to
other international studies. Our analysis demonstrates baseline GT1b
NS5A RAS frequency of 15.7%, similar to international data(16-33%)
[3,6,14-16,19,20]. The prominent GT1b NS5A RAS identified included
Y93H (7.8%) and L31 M (5.9%), concordant with other geographical
regions.

The baseline frequency of GT3 NS5A RAS was similar to that in
North America and Europe (12-19%) [3,14,16,21], however lower
compared to other countries in the Asian-Pacific region. This includes
China (> 50%), reflecting their high prevalence of GT3b infection and
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likelihood of baseline dual A30 K/L31 M RAS [20]. Y93H was the most
prevalent GT3 NS5A RAS (7.5% including where present as a dual
substitution) conferring significant resistance to all NS5A inhibitors in
vitro, and reducing virological outcomes in GT3 patients treated with
sofosbuvir/velpatasvir [3]. A30K was identified in 6.5% of samples,
including those with dual NS5A RAS. A30Khas been associated with
reduced SVR12 in non-cirrhotic GT3 infected patients treated with
glecaprevir/pibrentasvir for 8 weeks, a regimen used commonly in
Australia [22]. Sequencing for GT1b and GT3 RAS at baseline is not
currently recommended in treatment naive individuals.

We evaluated 103 GT1 HCV samples using both NGS and PBS. The
increased diagnostic yield of NGS was low, and only a small number of
additional NS5A RAS at low frequencies were identified. North
American and European guidelines designate that only RAS with a
prevalence of > 15% are clinically significant [23,24], greater than the
prevalence of the additional RAS identified via NGS. Given the overall
low frequency of NS5A RAS in GT1 participants in Australia at baseline,
and the minimal improvement in sensitivity, our data suggests that NGS
does not have a role in routine pre-treatment assessment in DAA-naive
patients.

In summary, amongst DAA-naive patients, baseline GT1a NS5A RAS
were lower compared to international data, and comparable amongst
GT1b and GT3 populations. Detection of HCV NS5A RAS by NGS at
baseline only marginally increased diagnostic sensitivity and therefore
has limited clinical applicability.
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Abstract

Introduction: Despite highly effective direct-acting antiviral (DAA) therapies for
chronic hepatitis C virus (HCV) infection, some patients experience virological relapse.
Salvage regimens should include multiple agents to suppress emergence of resist-
ance-associated substitutions (RAS) and minimise treatment failure. The combination
of sofosbuvir (SOF) and elbasvir/grazoprevir (ELB/GZR) ribavirin (RBV) is an effective
retreatment strategy for HCV genotype (GT)1 and 4 infection. We hypothesised that
SOF and ELB/GZR (+RBV) would also be an effective salvage regimen for DAA-expe-
rienced GT3 patients.

Methods: We evaluated the efficacy and safety of SOF/ELB/GZR + RBV in DAA-ex-
perienced participants with chronic HCV infection who had prior relapse. Participants
were treated at four hospitals between December 2016 and March 2018 for either
12- or 16-weeks. The primary endpoint was sustained virological response at week
12 post-treatment (SVR12) using intention-to-treat analysis.

Results: There were 40 participants included in the analysis. The mean age was
53 years, 53% had GT3, 33% had GT1 infection and 63% had cirrhosis. Fifty-eight
percent were treated for 12 weeks, 42% were treated for 16 weeks and 90% received
RBV. The SVR12 rate was 98% overall, 100% in non-GT3 participants and 95% in
GT3 participants. One GT3 cirrhotic participant relapsed. ELB/GZR was stopped at
week 6 in one GT3 cirrhotic participant who switched to SOF/velpatasvir/RBV for
a further 12 weeks and achieved SVR12. RBV dose reduction was required in two
participants. Treatment was otherwise well tolerated.

Discussion: The combination of SOF/ELB/GZR + RBV is effective and safe for dif-
ficult-to-cure patients who relapse after first-line DAA, including those with cirrhosis
and GT3 infection.

KEYWORDS
hepatitis C, resistance-associated substitution, retreatment, salvage, virological relapse

Abbreviations: DAA, direct-acting antiviral; ELB, elbasvir; EOT, end of treatment; GT, genotype; GZR, grazoprevir; HCC, hepatocellular carcinoma; HCV, hepatitis C Virus; INR,
international normalised ratio; MELD, model for end stage liver disease; NS5A, non-structural protein 5A; RAS, resistance-associated substitutions; RBV, ribavirin; RNA, ribonucleic acid;
SOF, sofosbuvir; SVR12, sustained virological response week 12.
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1 | INTRODUCTION

The introduction of highly effective and well-tolerated direct-acting
antiviral (DAA) therapy has revolutionised hepatitis C virus (HCV)
treatment. Despite excellent cure rates which exceed 95%, some
patients experience virological relapse after treatment. Virological
relapse is associated with the selection of HCV resistance-associated
substitutions (RAS), which reduce viral susceptibility to currently avail-
able DAAs.! NS5A inhibitors are the backbone of most DAA regimens
and selection of NS5A RAS is the most common reason for DAA fail-
ure. NS5A variants can persist for many years post-relapse.? Variants
in the NS5B region and/or NS3/4a region may also be selected with
sofosbuvir (SOF) or protease inhibitor therapy respectively. The ideal
salvage regimen should involve combination therapy with at least two
agents that are active against all the prevalent HCV quasispecies. Triple
combination therapy involving sofosbuvir (SOF), a protease inhibitor
and an NS5A inhibitor is therefore attractive as a salvage strategy.

Elbasvir (ELB) plus grazoprevir (GZR) is licensed for treatment
of HCV genotype (GT)1 and 4 infection.® Recent data have demon-
strated that ELB/GZR in combination with SOF (£ribavirin (RBV)) is
also an effective salvage treatment for cirrhotic DAA-experienced
GT1/4 patients, those genotypes for which ELB/GZR has the great-
est in vitro and in vivo activity.* ELB and GZR alone have reduced
effectiveness against HCV GT3 infection, with a significantly higher
EC,, than for GT1 HCV in vitro and suboptimal SVR12 rates in clini-
cal trials.>® Despite this, ELB/GZR in combination with SOF plus RBV
was highly effective for the treatment of DAA-naive GT3 patients;
in a large prospective study SVR12 rates exceeded 94% in those
treated for 12 to 16 weeks, including participants with cirrhosis.®

In this context, we hypothesised that SOF plus ELB/GZR + RBV
(ELB/GZR/SOF + RBV) would be an effective salvage regimen
for DAA-experienced patients, irrespective of GT or underlying

cirrhosis.

2 | PATIENTS AND METHODS

2.1 | Patients

From December 2016, a special access scheme supported by Merck
Sharp and Dohme Australia allowing access to ELB/GZR for use in
combination with SOF/RBV for retreatment of patients who were
non-responders to licensed DAA therapy. SOF/RBV were prescribed
via the Pharmaceutical Benefit Scheme which reimburses the cost of
HCV treatment for all Australians.” Patients for whom this treatment
was accessed from four tertiary centres in Melbourne, Australia were
consecutively treated with SOF 400 mg daily, fixed dose combination
ELB/GZR 100 mg/50 mg daily, with or without RBV (600-1200 mg
daily) for either 12 or 16 weeks. Duration of therapy was decided on
an individual basis by the treating clinician at each participating site.

Eligibility criteria for the special access scheme included non-
response following treatment with an approved NS5A inhibi-
tor-containing DAA regimen, defined as detectable HCV RNA at
week 12 post-treatment, and infection with HCV GT 1, 3, 4 or 6.

Keypoints

A small number of patients are not cured after their first
course of hepatitis C treatment. Retreatment of these pa-
tients should include a combination of drugs to treat re-
sistant hepatitis C virus. The combination of sofosbuvir,
elbasvir, grazoprevir and ribavirin appears to be effective
for retreatment of these patients, including for genotype
3 for which some of these drugs are less effective when
used alone. In this study, there was a high rate of cure and
treatment overall was safe. This combination could pro-
vide an alternate retreatment strategy in carefully selected

settings.

All participants in this study were deemed compliant with their
initial DAA treatment regimen. Exclusion criteria for this study in-
cluded: decompensated chronic liver disease (Child-Pugh Category
B/C), active or suspected hepatocellular carcinoma, contraindicated
drug-drug interactions and prior liver transplantation. Cirrhosis was
determined by liver stiffness measurements using FibroScan (cut-
off 2 12.5kPa), prior liver biopsy or radiological and/or endoscopic
evidence of portal hypertension. Portal hypertension was defined as
the presence of oesophageal varices at endoscopy or splenomegaly,

intra-abdominal varices or ascites identified on abdominal imaging.

2.2 | Assessment

All participants were reviewed at baseline, treatment week 4, end
of treatment (EOT) and 12 weeks post-treatment at a minimum. On-
treatment virological response was defined as undetectable HCV
RNA on PCR testing. The primary outcome was SVR12, defined as
undetectable HCV RNA at 12 weeks post-EOT. All cirrhotic patients
were enrolled in hepatocellular carcinoma (HCC) surveillance.

The secondary outcomes were frequency of treatment and non-
treatment related adverse events and the frequency of denovo or
recurrent HCC. Safety and tolerability were monitored at each clin-
ical review and further investigations were arranged where deemed
appropriate. All adverse events, laboratory abnormalities and treat-
ment interruptions and/or discontinuations were recorded.

The study conformed to the ethical guidelines of the 1975 Declaration
of Helsinki, Good Clinical Practice Guidelines, and regulatory require-
ments. The study was approved by the St Vincent's Hospital Melbourne
Human Research Ethics committee prior to governance review at each
participating hospital. A waiver of consent was granted by the St Vincent's
Hospital HREC and then ratified at each participating site.

2.3 | Assessment for NS5A resistance-associated
substitutions

A subset of participants was investigated for sequences encod-
ing NS5A RAS at time of relapse, prior to treatment with the study
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regimen. Testing was performed at the Victorian Infectious Disease
Reference Laboratory using Sanger sequencing with a prevalence
threshold for detection of 20%.

2.4 | Statistical analysis

Results are presented as median with interquartile range for con-
tinuous data and number (percentage) for categorical data. Analysis

was performed using Stata 15.2 for Windows, StataCorp LLC.

TABLE 1 Baseline characteristics

Baseline characteristics N =40
Age, mean, [IQR] 53 [46-60]
Male gender, n (%) 32 (80%)
ALT U/L, median, [IQR] 87 [51-124]

HCV RNA [U/mL, median, [IQR]? 1,842,281 [303,

500-7, 548, 579]

Platelet count, median, [IQR] 188 [155-237]

Albumin, median, [IQR] 39 [36-40]
Bilirubin, median, [IQR] 15 [12-24]
INR, median, [IQR] 1.1[1.0-1.1]
HCV Genotype, n (%)
la 11 (28%)
1b 2 (5%)
3° 21 (53%)
4¢ 3(7%)
6 3(7%)
PR treatment experienced, n (%) 12 (30%)
Prior HCC, n (%) 2 (5%)
Active HCC, n (%) 0 (0%)
Liver stiffness measurements of non-cirrhotic participants, n
<6 kPa 7/15
6-9.5 kPa 7/15
9.5-12.5 kPa 1/15
Cirrhotic, n (%) 25 (63%)
Child-Pugh score
A5 18/25
A6 6/25
B7* 1/25
MELD score, mean [IQR] 8 [7-10]
Portal hypertension, n, (%) 9/25 (36%)
Prior HCV treatments
Sofosbuvir/Ledipasvir 15
Sofosbuvir/Daclatasvir 22
Sofosbuvir/Velpatasvir 1
Elbasvir/Grazoprevir 1
Paritaprevir/r, Ombitasvir, Dasabuvir 1

(Continues)

iver WILEY--2
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TABLE 1 (Continued)

Baseline characteristics N =40
Duration of prior treatment

8 wk 2

12 wk 20

24 wk 18

Abbreviations: ALT, alanine aminotransferase; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; INR, international normalised ratio;
IQR, interquartile range; MELD, model for end stage liver disease; PR,
Pegylated interferon and ribavirin; RNA, ribonucleic acid.

#Median and interquartile range presented for 30 of 40 participants.
Ten of /40 participants were HCV PCR positive at baseline, however,
quantitative HCV viral load testing was not performed.

PGT subtyping was performed on 17 of 21 GT3 participants, all who
were subtype 3a.

°GT subtyping was performed on two of three GT$ participants, who
were both subtype 4h.

90ne Child-Pugh B7 participant was commenced on the study regimen
beyond the inclusion criteria of the special access scheme for ELB/
GZR, however, baseline hypoalbuminaemia was attributed to poorly
controlled type 2 diabetes with documented proteinuria.

3 | RESULTS

3.1 | Participant characteristics

Forty participants with chronic HCV infection and prior virological
failure after HCV DAA therapy were included. Baseline character-
istics are displayed in Table 1. The sample was predominately male
(n=32,90%), just over half had HCV GT3 infection (n = 21, 53%) and
majority were cirrhotic (n = 25, 63%). Of those with cirrhosis, nine
(36%) had portal hypertension.

Prior treatment regimens included SOF + ledipasvir (n = 15, 37%),
SOF + daclatasvir (n = 22, 55%), SOF + velpatasvir (n = 1, 3%), ELB/
GZR (n = 1, 3%) and paritaprevir/r + ombitasvir + dasabuvir (n = 1,
3%). Treatment durations are detailed in Table 1. All participants had
completed the entire course of the prior treatment and had detect-
able HCV RNA at 12 weeks post-treatment completion. A mean du-
ration of 10 months (range 5-19 months) had elapsed between EOT
of the initial regimen and initiation of the study regimen. HCV NS5A
sequencing results were available in 26 of 40 subjects, with the ma-
jority having NS5A RAS detectable (Table S1).

3.2 | HCV DAA therapy and virological response

Of the 40 participants, 23 (58%) and 17 (42%) were treated with
12 weeks and 16 weeks of SOF/ELB/GZR + RBV respectively. Thirty-
six (90%) received RBV; RBV was omitted in one GT3 participant
with a history of prior RBV intolerance, and in three GT1/6 partici-
pants at the discretion of the treating physician because of concerns
about tolerance. Treatment outcomes are displayed in Figure 1.
Overall, the SVR rate was 97.5% (n = 39/40). The SVR rate amongst
HCV GT1, 4 and 6 participants was 100% (n = 19/19), irrespective of

treatment duration (12 or 16 weeks) or inclusion of RBV. Amongst
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FIGURE 1 SVR12rates by HCV genotype and duration of
therapy. Abbreviation: GT, genotype. *One participant stopped
SOF/ELB/GZR/RBV at TWé because of increasing bilirubin and
INR, was immediately changed to SOF/VEL/RBV for an addition
12 wk and achieved SVR12. Ninety percent participants received
ribavirin, which was omitted in two GT 1, one GT 6 and one GT 3
participant

HCV GT3 participants, overall SVR rate was 95% (n = 20/21), 90%
(9/10) for 12 weeks of therapy and 100% (10/10) for 16 weeks. This
included an SVR12 rate of 100% (5/5) in non-cirrhotic GT3 partici-
pants, and 94% (n = 15/16) amongst cirrhotic GT3 participants.

One episode of virological relapse occurred in a HCV GT3
cirrhotic participant (Child-Pugh A5, MELD 6). NS5A RAS testing
at relapse was significant for the Y?3H RAS. The participant was
treated with 12 weeks of SOF/ELB/GZR/RBYV, but had detectable
HCV RNA at SVR12 time point. A second HCV GT3 cirrhotic par-
ticipant with portal hypertension (Child-Pugh A6, MELD 9) pre-
scribed ELB/GZR/SOF/RBYV for 16 weeks experienced an increase
in bilirubin (30 to 50 umol/L) and INR (1.3 to 1.5) at treatment week
6, and was immediately switched to SOF + velpatasvir + RBV for
an additional 12 weeks. Bilirubin remained stable at 40-50 umol/L
for the duration of RBV therapy before returning to baseline. The
INR remained stable between 1.4 and 1.5 throughout the period
of evaluation. There was no rise in the ALT or clinical decompensa-
tion event at any time. The participant went on to achieve SVR12.

One participant was commenced on ELB/GZR/SOF/RBV beyond the
inclusion criteria of the ELB/GZR special access program. The participant
was Child-Pugh B7 at baseline, however their baseline hypoalbuminae-
mia (albumin 27 g/L) was thought to be related to their diabetic nephrop-
athy and significant proteinuria, rather than their underlying liver disease.
There was no adverse event, and the participant achieved SVR12.

SVR12 rate was 100% (n = 9/9) amongst participants with
no HCV NS5A RAS and 94% (n = 16/17) in participants with an
NS5A RAS detected at baseline. SVR12 was achieved in 92%
(n = 12/13) of participants with virus with the Y93H/D/S NS5A
RAS at baseline.

3.2.1 | Hepatocellular carcinoma

No de novo or recurrent hepatocellular carcinomas (HCC) were iden-

tified during the period of evaluation.

3.3 | Adverse events

Adverse events are detailed in Table 2. One HCV GT3 cirrhotic par-
ticipant discontinued therapy at treatment week 6 as described.
There were 25 adverse events in 19 participants. Most were RBV-
related haematological abnormalities, but also included fatigue,
headache, gastrointestinal upset, insomnia and rash and were mild in
severity. Two participants required dose reduction of RBV for man-

agement of anaemia.

4 | DISCUSSION

Whilst DAA therapy cures most people with HCV, a subset of pa-
tients do not respond to first-line treatment. This hard-to-cure group
is characterised by a high prevalence of HCV GT3 infection, cirrhosis
and portal hypertension.8 Our data suggests that the combination
of SOF/ELB/GZR + RBV is highly effective for the retreatment of
DAA non-responders, in both GT3 and GT1/4/6 HCV infection. The
overall SVR12 rate was 98%, and 95% amongst GT3 cirrhotic partici-
pants, similar to the approved pan-genotypic salvage regimens.”*°
A small study has previously reported the efficacy of this regi-
men for the treatment of non-responders with GT 1/4 HCV infec-
tion # and the SVR12 rate was 100% (per protocol) in 25 patients.
Our study is the first description of efficacy amongst a group of
non-responders that included with patients with GT3 HCV infection
who had relapsed after treatment with an NS5A-containing regimen.
In our study, 38/40 patients (21 who were GT3) had relapsed fol-
lowing treatment with a regimen including SOF plus an NS5A inhib-
itor. Both ELB and GZR have an EC,, for GT3 that is at least 10-fold
greater than for GT1.2 In clinical trials of treatment naive patients,
SVR12 rates were only 41% for HCV GT3 infected patients treated
with ELB/GZR for 12 weeks.® In contrast, combination therapy with
SOF/ELB/GZR + RBV has been shown to be effective for treatment
naive patients with GT3 HCV, including patients with cirrhosis,® with
SVR12 rates >90%. We now show a similar rate of SVR12 in treat-
ment-experienced patients. Our data support synergy between SOF
and ELB/GZR and effectiveness for HCV GT3. Of note, the rate of

TABLE 2 Adverse events

Adverse events, n (%) N =25

Haemoglobin decline

20-40 g/L 9(23)

>40 g/L 2(5)
Requiring ribavirin dose reduction 2 (5)
Fatigue 5(13)
Headaches 3(8)
Gastrointestinal upset 3(8)
Insomnia 1(3)
Rash 1(3)
Treatment discontinuation 1(3)
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SVR12 in our cohort is numerically higher than that reported in a
cohort of participants (including HCV GT1, GT2 and GT3 infection)
who were re-treated with SOF/velpatasvir/RBV for 24 weeks follow-
ing relapse after a first course of SOF/velpatasvir (n = 63/69, 91%).1*

There was one episode of virological relapse in a HCV GT3 par-
ticipant. The participant had previously relapsed following treat-
ment with pegylated interferon and ribavirin and subsequently SOF/
daclatasvir for 24 weeks, was cirrhotic and had virus with the Y93H
NS5A RAS detectable at retreatment baseline which is associated
with high-level resistance to NS5A inhibitors.}? The participant re-
ported good adherence to 12 weeks of SOF/ELB/GZR/RBV600
before relapsing. It is possible that longer treatment duration for
16 weeks may have been more effective.

The combination of SOF/ELB/GZR/RBV was safe. The most
frequent adverse events were haematological abnormalities associ-
ated with RBV. A dose reduction was only required in two cases.
The most serious adverse event occurred in a HCV GT3 participant
with advanced cirrhosis. At TWé the participant's bilirubin level had
risen from 30 to 50 umol/L and INR from 1.3 to 1.5. The participant
was switched to SOF/velpatasvir/RBV because of concern about
protease inhibitor-related hepatotoxicity. The participant's hyperbil-
irubinaemia at TWé may be attributable to RBV-associated haemo-
lysis, however, this does not account for their INR prolongation. HCV
NS3/4A protease inhibitors are contraindicated in Child-Pugh B/C
cirrhosis, in whom accumulation may cause hepatotoxicity,®® and
participant with Child-Pugh A cirrhosis should be closely monitored.
Notably, the participant went on to achieve SVR12, suggesting that
6 weeks of protease inhibitor exposure, with a longer tail of SOF/
velpatasvir/RBV was sufficient to eradicate virus.

Following the introduction of HCV DAAs, there was concern re-
garding potential increases in HCC incidence and recurrence with
antiviral therapy.'* More recent data suggests this correlation is
unIiker.15 In the Revenge study, a comparable population with HCV
GT1/4 infection was treated with SOF/ELB/GZR/RBV, in which
19% (5/26) of the participants developed HCCs during the period
of evaluation.* The authors attributed this to the study populations
advanced age, duration of HCV infection and high prevalence of cir-
rhosis, rather than to the study regimen. This is supported by our
data where no recurrent or de novo HCCs were identified during the
period of evaluation.

Two DAA regimens have recently been approved by the Federal
Drug Administration and European Medicines Agency for the treat-
ment of DAA non-responders. These include the combination of
SOF/velpatasvir/voxilaprevir, approved for the treatment of all HCV
genotypes, and glecaprevir/pibrentasvir, approved for the retreat-
ment of people with GT1 HCV previously treated with a regimen
including either (but not both) an NS5A inhibitor or an NS3/4A pro-
tease inhibitor; and non-GT1 HCV who have previously been treated
with SOF/PR. Whilst these regimens are licensed in the US and some
countries in Western Europe, they are not yet available in all regions
because of licensing or funding restrictions. Our data supports the
combination of SOF/ELB/GZR + RBV as a second pan-genotypic
retreatment option, combining drugs which are currently licensed
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and available in most regions. The role of the different retreatment
options is likely to vary between regions according to cost and drug
availability.

Study limitations include an inability to define the optimal
duration for SOF/ELB/GZR + RBV and the role of RBV, particu-
larly for HCV GT3 participants, for which prospective randomised
studies are required. Until such time, we recommend treating
GT3-infected patients for 16 weeks in combination with RBV,
where possible.

In conclusion, the combination of SOF/ELB/GZR + RBV was safe
and effective salvage treatment for patients who had not responded
to a previous NS5A-containing DAA therapy. It was effective for the
treatment of hard-to-cure GT3 as well as GT1/4/6 HCV infection.
The DAAs in this regimen are currently available in many regions,
and represent another option for treating patients who do not re-
spond to a first course of DAA therapy, with the aim of stopping the
progression of liver disease and reducing HCV-related morbidity and
mortality.
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Background. In clinical trials, hepatitis C virus (HCV) salvage treatment with sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/
VOX) achieved an SVRI2 rate of >95% in NS5A-experienced participants. Lower SVR12 rates have been reported in real-world
studies, particularly for genotype (GT)3 infection and cirrhosis. We determined the efficacy and safety of SOF/VEL/VOX in a large
real-world cohort.

Methods. We assessed the efficacy of salvage SOF/VEL/VOX for HCV infection in NS5A-inhibitor experienced participants
with cirrhosis and portal hypertension, prior liver transplantation (LT) or severe extra-hepatic manifestations. SOF/VEL/VOX was
available via an early access program. The primary outcome was SVR12. Secondary outcome was frequency of adverse events (AE).

Findings. Ninety-seven participants were included. Median age was 58, 82% were male, 78% had cirrhosis, most with portal
hypertension (61%, n = 46/76), and 18% had prior-LT. Of the cirrhotic participants, 96% were Child-Turcotte-Pugh class A, and
4% were class B. Of the 72% with GT3, 76% were also cirrhotic. By intention-to-treat analysis, SVR12 rate was 85% (n = 82/97).
Per protocol, the SVR12 rate was 90%, including 91% in GT1 (GT1la n = 18/18, GT1b n = 2/4), 89% in GT3 (n = 59/66) and 100%
in GT6 (n = 3/3). SVR12 in participants with GT3 and cirrhosis was 90%. No predictors of non-SVR12 were identified. There were
4 serious AEs including 1 death and 3 hepatic decompensation events. NS5A resistance-associated substitutions detected at baseline
did not affect SVR12.

Conclusions. 'This real-world study confirms high efficacy of SOF/VEL/VOX for the treatment of difficult-to-cure NS5A-
inhibitor experienced patients, including those with GT3 and cirrhosis. Treatment was well tolerated in most; however, serious AEs
can occur in those with advanced liver disease.

Keywords. hepatitis C; relapse; cirrhosis; genotype 3; sofosbuvir/velpatasvir/voxilaprevir.

Hepatitis C virus (HCV) infection affects approximately
71 million people worldwide and contributes significantly to
liver-related morbidity and mortality [1, 2]. Direct acting an-
tiviral (DAA) therapy has revolutionized HCV treatment, with
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cure rates exceeding 95% in registration trials [3-5]. Some pa-
tients, however, do not respond to their initial DAA therapy,
more commonly those with HCV genotype (GT)3 infection
and with cirrhosis [6, 7]. Virological failure is associated with
the selection of HCV resistance associated substitutions (RAS),
and ideal retreatment regimens should target the NS5A, NS5B,
and NS3 proteins [8, 9].

The efficacy of sofosbuvir/velpatasvir/voxilaprevir (SOF/
VEL/VOX) for relapsed HCV infection following treatment with
an NS5A-inhibitor (NS5Ai) containing DAA regimen has been
investigated in multiple clinical trials [10]. In the POLARIS-1
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registration trial, NS5A-experienced participants treated with
SOF/VEL/VOX achieved a sustained virological response
12 weeks after end of treatment (SVR12) rate of 96%. Several
real-world studies have subsequently suggested reduced efficacy
in those with cirrhosis, prior SOF/VEL exposure,and HCV GT3
infection [11-14]. This included a SVR12 rate of 69% among
the small number of participants with both HCV GT3 infec-
tion and cirrhosis in one Spanish cohort [11]. In most studies, a
minority of participants had cirrhosis (35-41%), and only 1 in-
cluded those with prior liver transplantation (LT), where com-
plex drug-drug interactions must be considered [11-13].

In both registration and real-world trials, treatment with
SOF/VEL/VOX was generally well tolerated, and adverse events
(AE) were limited. It is important to note that NS3/4A PIs are
not recommended in Child-Turcotte-Pugh (CTP) B/C cirrhosis
due to concerns about hepatotoxicity related to higher VOX
drug exposures. The Food and Drug Administration (FDA)
has also recently cautioned practitioners to closely monitor
patients with compensated cirrhosis during treatment with an
HCV protease inhibitor (PI) due to the potential for hepatic de-
compensation, particularly in the setting of portal hypertension
(PHT), hepatocellular carcinoma (HCC), or alcohol misuse
[15]. As SOF/VEL/VOX is increasingly used as salvage treat-
ment in patients with advanced disease to avoid LT, it is im-
portant that these risks are further explored and validated in
real-world settings [16, 17].

In this study, we have evaluated the efficacy and safety of
SOF/VEL/VOX in a difficult to cure population with advanced
liver disease or prior-LT.

METHODS

This was a retrospective, nationwide study to evaluate the effi-
cacy and safety of SOF/VEL/VOX for relapsed HCV infection
among participants with advanced liver disease or LT, treated
in 27 Australian centers. All participants were treated with
fixed dose SOF 400 mg, VEL 100 mg, and VOX 100 mg for
12 weeks available via an early access program (EAP) supported
by Gilead Sciences. The EAP permitted access to SOF/VEL/
VOX before reimbursement on the national prescription drug
scheme. As such, at this time, this regimen was only available to
Australians via this EAP, where specific eligibility criteria were
satisfied. Eligibility criteria for the EAP were (i) age >18 years;
(ii) chronic HCV infection GT1-6; (iii) prior treatment failure
on a NS5A-inhibitor DAA containing regimen; (iv) compen-
sated liver disease with at least one of (a) CTP class A cirrhosis
and clinically significant portal hypertension (hepatic venous
portal gradient (HVPG) > 10mmHg or the presence of varices
(radiologically / endoscopically) or platelets <100 x 10°/L, (b)
prior-LT, or (c) severe extrahepatic manifestations; and (v) eGFR
>30mL/min/1.73m>. Exclusion criteria for the EAP included (i)
hepatic decompensation (CTP class B/C), (ii) contraindication

or known hypersensitivity to the active substances or to any
other component of the tablets, and (iii) concomitant prescrip-
tion of rifampicin and/or rosuvastatin. Participants with human
immunodeficiency virus (HIV) and/or hepatitis B virus (HBV)
coinfection were eligible for inclusion. Combination therapy
with ribavirin was permitted.

Australian hospitals with 2 or more participants treated via
the Gilead Sciences EAP were invited to participate in this
study. The primary outcome was the frequency of partici-
pants achieving SVR12, defined as the absence of detectable
HCV RNA at least 12 weeks after end-of-treatment (EOT).
The secondary outcome was frequency of treatment related ad-
verse events (AE). Participants were followed until the SVR12

time point.

Assessments

Participant data were collected at baseline, EOT, and SVR12
timepoints with SOF/VEL/VOX, as well as details of prior
HCV treatments. Cirrhosis status was defined as transient
elastography score >12.5 kPa, prior liver biopsy demonstrating
METAVIR fibrosis score 4, or clinical/radiological evidence of
cirrhosis. Clinical evidence of cirrhosis included signs of cir-
rhosis and baseline platelet count of <100 x 10°. PHT was de-
fined by the presence of intra-abdominal and/or esophageal
varices, splenomegaly, or ascites. CTP scores were recorded at
all timepoints. Laboratory investigations recorded included full
blood count, renal and liver biochemical tests, HCV RNA, HCV
genotype, HIV and HBV serology. The presence of HCV NS5A
RAS were investigated in a subset of participants where serum
was available, utilizing Sanger sequencing with a threshold limit
of 20% for variant detection. HCV NS5A RAS were defined as
polymorphisms encoded by the NS5A gene associated with at
least 2-fold reduced susceptibility to a registered NS5A inhib-
itor. Virological breakthrough (VBT) was defined as detectable
HCV RNA on PCR testing at the EOT timepoint.

Adverse events (AE) related to treatment with SOF/VEL/
VOX were recorded until the SVR12 timepoint. Serious AEs
were particularly scrutinized including hepatic decompensa-
tion, and AEs leading to hospitalization, treatment discontin-
uation, and death.

Ethical Considerations

The study conformed to the ethical guidelines of the 1975
Declaration of Helsinki, Good Clinical Practice Guidelines,
and regulatory requirements. The study was approved by the
Human Research Ethics Committee at St Vincent’s Hospital
Melbourne.

Statistical Analysis

Statistical analysis was performed using STATA 12.0 (StataCorp
LP, College Station, TX, USA). Normally distributed con-
tinuous data were analyzed with the Student ¢ test, whereas
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non-normally distributed data were analyzed using the Mann-
Whitney U test. Categorical data were described as number and
percentage and were analyzed using x” or Fisher exact test, as
appropriate. Variables associated with SVR12 were investigated
using appropriate univariable statistical tests after considering
distribution of data. A P value of < .05 was deemed statistically
significant.

RESULTS

Patient Population

From June 2018 to March 2019, 97 patients were commenced
on SOF/VEL/VOX across 27 Australian hospitals. Baseline
characteristics are described in Table 1. In brief, the cohort was
predominantly male (82%), the median age was 58 years, and
the most common genotype was HCV GT3 (72%). Most of the
cohort were cirrhotic (78%) or had previously undergone LT

Table 1. Baseline Characteristics of Participants Commencing SOF/VEL/
vox

Baseline Characteristics N =97

Age, median [IQR] 58 [63-64]
Male sex, n (%) 80 (82)

HCV viral load IU/mL, median, [IQR] (75/97) 654 000
[160 000-2 870 000]

HCV genotype, n (%)

- Genotype 1a 19 (20)

- Genotype 1b 4 (4)

- Genotype 3 70 (72)

- Genotype 4 1(1)

- Genotype 6 3(3)
ALT, U/mL, median [IQR] 85 [48-170]
Albumin, g/L, median [IQR] 37 [33-40]
Bilirubin, umol/L, median [IQR] 14 [10-21]
Platelet count, median [IQR] 125 [90-178]
INR, median [IQR] 1.1[1-1.2]
HIV infection, n (%) 2(2)
HBV serology, n (%)

HBsAg + 3@)

HBcAb + 29 (30)
Cirrhosis, n (%) 76 (78)

CPAS 38/76 (50)

CPA6 35/76 (46)

CPB7 1/76 (1)

CPB8 2/76 (3)
Cirrhosis with portal hypertension, n (%) * 46/76 (61)
Post liver transplantation, n (%) 17 (18)
Noncirrhotic, n (%) 4(4)
Prior hepatocellular carcinoma n (%) 18 (19)
Pegylated interferon = ribavirin + protease 24 (25)

inhibitor experienced, n (%)
2+ DAA treatments prior to SOF/NVEL/NOX, n (%) 15 (15)

Abbreviations: ALT, alanine aminotransferase; DAA, direct acting antiviral; HBV, hep-
atitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus; INR, interna-
tional normalized ratio; IQR, interquartile range; SOF/VEL/NOX, sofosbuvir/velpatasvir/
voxilaprevir.

Portal hypertension defined as the presence of intra-abdominal and/or gastroesophageal
varices, splenomegaly, or ascites.

(18%). Of the cirrhotic participants, 50% were CTPA5, and 46%
were CTPAG. Three participants were included with CTP class
B7 (n =1) and B8 (n = 2) as protocol deviations by the treating
clinicians; none of these 3 participants were felt to be LT can-
didates. In total, 61% of the cirrhotic participants had PHT.
HIV (n=2) and HBV (n = 3) coinfection were uncommon.
A prior history of HCC was present in 19% (n = 18), 6 of whom
had undergone LT. There were no participants with HCC at
baseline. SOF/VEL/VOX was prescribed with ribavirin (600-
1200 mg daily) for 3 participants.

Prior HCV Treatment Experience

All participants were HCV NS5Ai treatment experienced. The
most recent HCV DAA treatments prescribed prior to SOF/
VEL/VOX are detailed in Table 2. The most frequent common
NS5Ai were daclatasvir (DCV, 56%), VEL (20%), and ledipasvir
(LDV, 15%). And 15% of participants (n = 15) had received
more than 1 NS5Ai-based treatment (range 1-4). Three parti-
cipants were treated with an NS5Ai containing “lead-in” DAA
regimen immediately prior to commencing SOF/VEL/VOX
to optimize liver function, including 1 who was downgraded
from CTP class B to A during this treatment. Four other par-
ticipants had a history of prior hepatic decompensation that
had recompensated during their preceding first-line DAA
treatment. In total, 25% of participants had been treated with
pegylated IFN-a + ribavirin with or without a first-generation
PIs prior to their first all-oral DAA treatment course.

Efficacy

By intention to treat, 82 (85%) of the 97 participants who com-
menced on SOF/VEL/VOX achieved SVR12, and SVR12 rates were
95% (n = 18/19) for GT1a, 50% (n = 2/4) for GT1b, 84% (n = 59/70)
for GT3, 0% (n = 0/1) for GT4, and 100% (n = 3/3) for GT6 infec-
tion. Three participants discontinued treatment due to AEs during
treatment week (TW) 1, 2 participants were lost to follow-up after
EOT, and 1 participant died while receiving treatment. Of these 6
participants, 4 had GT3 infection. As such, complete data were
available for per protocol analysis for 91 participants. Therefore, the
per protocol SVR12 rate was 90% (n = 82/91, Figure 1). Two parti-
cipants had VBT at EOT, and 7 relapsed. Per protocol, the SVR12

Table 2. Most Recent DAA Regimen Prescribed Prior to SOF/VEL/VOX

Prior DAA course N =97
Sofosbuvir + daclatasvir + ribavirin, n (%) 54 (56)
Sofosbuvir + velpatasvir + ribavirin, n (%) 19 (20)
Sofosbuvir + ledipasvir + ribavirin, n (%) 15 (15)
Elbasvir + grazoprevir, n (%) 3(3)
Paritaprevir + ritonavir + ombitasvir + dasabuvir + ribavirin, n (%) 2 (2)
Sofosbuvir + elbasvir + grazoprevir « ribavirin, n (%) 2(2)
Uprifosbuvir + ruzasvir, n (%) 2(2)

Abbreviations: DAA, direct acting antiviral; SOF/NEL/NOX, sofosbuvir/velpatasvir/
voxilaprevir.

SOF/VEL/VOX for Difficult to Cure HCV « CID 2021:XX (XX XXXX) « 3

1202 AINf g uo Jesn suInoge Jo AusieAun Ad 0991 065/8 1€ LEEID/PIO/EE0 |0 L/I0P/SIOIE-2OUBAPE/PIO/W0D dNO DlWepEoE//:Sd]Y WOy papeEojumMoq



SVR12 rates by genotype and cirrhosis status
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Figure 1. SOF/VEL/VOX per protocol treatment outcomes, presented by cirrhosis and post LT status. *GT1a SVR12 100% (n = 18/18) and GT1b SVR12 50% (n = 2/4).
Abbreviations: LT, liver transplantation; SOF/VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir.

rate for participants with GT1a infection was 100% (n = 18/18), 50%
(n = 2/4) for GT1b, 89% (n = 59/66) for GT3,and 100% (n = 3/3) for
GT6. The SVR12 rate was 90% (n = 64/71) for cirrhotic participants,
88% (n = 14/16) among those who were post-LT, and 100% (n = 4/4)
in noncirrhotic, non-LT participants. SVR12 was achieved in 90%
(n = 77/86) of participants previously treated with SOF + NS5Ai and
100% among those previously treated with other combination regi-
mens (n = 5/5, Table 2).

Non-SVR Participants

Nine participants had detectable HCV RNA at the SVR12
timepoint (Table 3). All 9 participants reported adherence above
80%. Of the 2 participants with VBT, both had previously ex-
perienced VBT during their prior treatment with SOF + VEL.
The remaining 7 participants relapsed. Of the treatment fail-
ures, 7 were cirrhotic, 5 of whom had PHT, and 2 were post-LT.
Seven had HCV GT3, and 2 had HCV GT1b infection. HBV

Table 3. Characteristics of Non-SVR12 Participants

Characteristic #1 #2 #3 #4 #5 #6 #7 #8 #9

Sex M F M M M M M M M

Age 64 51 57 62 66 50 46 64 62
Cirrhosis status F4 F4 Post LT (no cirrhosis) Post LT (no cirrhosis) F4 F4 F4 F4 F4
Relapse vs VBT Relapse Relapse  Relapse VBT VBT Relapse Relapse Relapse Relapse
HCV GT 1b 1b 3] 3] 8 3] & 8 8

ALT 103 64 50 126 10 91 73 305 82
Albumin 37 36 44 32 42 38 5 33 37
Platelets 151 125 106 177 17 216 60 131 73
Bilirubin 14 30 8 7 14 12 26 13 21
Portal hypertension® Y N N N Y N Y Y Y

CTP score 5 5 5~ 5~ 5 5 6 6 5

HIV / HBV coinfection HBV N N N N N N N N
Ribavirin N N N N N N N N N
NSB5A RAS at baseline YO3H ~ NA NA NA Y93H L3111 Y93H NA NA Y93H
Prior treatment PrOD  SOF/LDV SOF/DCV SOF / DCV SOF /DCV SOF/DCV SOF/DCV SOF/DCV SOF/VEL
Prior VBT N N N Y Y N Y N N

HCC at SVR12 N N N N N N N Y N
Non-HCC malignancy N NHL* N N NHL* N N N N

DDI PPI

Other cofactors

Malabsorptive bariatric surgery

Abbreviations: DAA, direct acting antiviral; DCV, daclastavir; DDI, drug-drug interactions; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immuno-
deficiency virus; LDV, ledipasvir; PrOD, paritaprevir/ritonavir/ozmbitasvir/dasabuvir; SOF, sofosbuvir; VBT, virological breakthrough; VEL, velpatasvir.

“Portal hypertension defined as the detection of intra-abdominal and/or gastrooesophageal varices, splenomegaly or ascites radiologically and/or endoscopically ~non-cirrhotic participants

post LT.
# Non-Hodgkin's Lymphoma.
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coinfection was present in 1 participant. HCV NS5A RAS
testing was available for 4 non-SVR12 participants at baseline,
in whom all had the Y93H RAS detected. One participant was
diagnosed with de novo HCC at EOT. Two participants were
treated with SOF/VEL/VOX following the recent diagnosis of
non-Hodgkin lymphoma. Prior malabsorptive bariatric surgery
was considered contributory to treatment failure in 1 partici-
pant. One participant was prescribed a proton-pump inhibitor
with SOF/VEL/VOX, but no other concomitant medications
were recorded that may have caused significant drug-drug
interactions (DDI). No clinical or virological characteristics
were associated with likelihood of SVR12 on univariate analysis
(Table 4).

HCV NS5A RAS Testing

HCV NS5A RAS testing results were available for 54 (56%) par-
ticipants. Overall, 91% had detectable NS5A RAS at baseline
(n =49/54). Of those with detectable HCV NS5A RAS, 84%
(n =41/49) had a single NS5A RAS, and 16% (n = 8/49) had
dual mutations identified (Table 5). The most frequent NS5A
RAS was Y93H, which was detected in 84% of positive samples.
On per-protocol analysis, the presence of baseline HCV NS5A
RAS was not associated with treatment failure (SVR12 94% vs
100%, P > .05), nor was the presence of the YO3H RAS specifi-
cally associated (SVR 90% vs 100%, P = .56).

Safety

In most cases, treatment was well tolerated; however, AEs that
led to treatment discontinuation and hepatic decompensation
were observed in a minority (Table 6). SOF/VEL/VOX was dis-
continued during TW1 in 3 participants; 2 developed severe
abdominal pain, and 1 individual’s eGFR declined from 48 to
17 mL/min/m®. There were 3 episodes of hepatic decompensa-
tion on treatment. Among the 18 participants with prior HCC
(6 of whom had undergone LT), 1 had recurrent HCC identified
between EOT and SVRI12, and 1 discontinued therapy during
TWI1 due to abdominal pain, but otherwise no AEs were re-
corded in this group.

The first participant who developed hepatic decompensation
on treatment had CTP class A5 cirrhosis with PHT at baseline
secondary to HCV and prior alcohol misuse, with no history
of hepatic decompensation. They did not attend review ap-
pointments while on treatment but presented at week 1 post-
EOT with new ascites, bilirubin 119 umol/L and international
normalized ratio (INR) 1.5, thought to be treatment related.
This participant did not consume alcohol while receiving SOF/
VEL/VOX. Alternate causes of hepatic decompensation were
excluded. This participant subsequently had gastric variceal
hemorrhage at week 5 post-EOT. SVR12 was achieved; however,
they had persistent ascites and were assessed for LT. The second
participant was CTP class A6 with PHT, with no prior episodes
of liver decompensation, at baseline. This participant, who had

Table 4. Univariate Analysis of Factors Associated With SVR12

Variable SVR12 (n = 82/91) Pvalue

Sex .54
Male 68/76 (89%)
Female 14/15 (93%)

Age (years) 575 .86
>65 9/10 (90%)
<65 73/81 (90%)

Non-LT .63
Cirrhosis 64/71 (90%)
No cirrhosis® 4/4 (100%)

Prior LT .66
No 68/75 (91%)
Yes 14/16 (88%)

HCV viral load, IlU/mL (n = 70) .25
>800 000 29/34 (85)
<800 000 34/36 (94)

HCV genotype 71
GT3 infection 59/66 (89%)
Non-GT3 23/25 (92%)

Baseline CTP score .93
Ab 31/36 (86%)
AB 29/32 (91%)
B7 1/1 (100%)
B8 2/2 (100%)

Portal hypertension® 27
No 41/45 (91 %)
Yes 41/46 (89%)

Albumin 73
>35 50/56 (89%)
<35 32/35 (91%)

Platelet count .86
Pl >150 25/28 (89%)
Pl <150 57/63 (90%)

HCC, de novo recurrent 27
No 80/88 (91%)
Yes 2/3 (66%)

HCV NSBA (n = 50) 1.0
RAS present 44/47 (94%)
No RAS 3/3 (100%)

>1 prior NS5A-containing DAA course 29
No 70/78 (90%)
Yes 13/13 (100%)

Prior peginterferon/ribavirin .68
No 63/69 (91%)
Yes 19/22 (86%)

Abbreviations: HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplanta-
tion; RAS, resistance associated substitution.

“Excluding noncirrhotic participants with prior LT.

°PHT defined as the presence of intra-abdominal and/or gastroesophageal varices, sple-
nomegaly or ascites.

a second diagnosis of autoimmune thrombocytopaenia thought
to be related to HCV, developed new grade 3 ascites and pre-
sumed encephalopathy at TW3, which was attributed to SOF/
VEL/VOX. The participant was immunosuppressed, and sepsis
was considered as a secondary cause of decompensation, al-
though bacterial cultures were negative. Treatment with SOF/
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Table 5. Baseline NS5A Resistance Associated Substitutions (RAS),
Available on a Subset of Participants

Baseline NS5A RAS N =54
No NS5A RAS detected 5(9)
NS5A RAS detected 49 (91)
Single NS5A RAS detected
Y93H 37/49 (76)
A30K 2/49 (4)
L3TMN 2/49 (4)
Dual NS5A RAS detected
Y93H / A30K/H 3/49 (6)
A30K/L31M 2/49 (4)
L31M/I / H58P 2/49 (4)
Y93H /L31M 1/49 (2)

VEL/VOX was continued with weekly review. At week 6 post
EOT, the participant recompensated, and diuretic and lactulose
therapy were withdrawn. SVR12 was achieved. A third partici-
pant, who was CTP class A6 at baseline, presented at TW5 with
esophageal variceal hemorrhage attributed by their clinician
to significant recidivist alcohol consumption. Variceal surveil-
lance was up to date prior to treatment. Bleeding was controlled
endoscopically; however, the participant developed progressive
hepatic decompensation and died 2 weeks later. At end of fol-
low-up, 1 recurrent and 2 de novo HCCs were identified, which
were detected between EOT and SVRI12 timepoints. HCC sur-
veillance was up to date in all 3 at baseline.

The 3 participants who were CTP class B at baseline toler-
ated treatment well, and no AEs were reported; their aggre-
gate CTP scores were unchanged between baseline and SVR12
timepoints.

Table 6. Twenty Adverse Events Reported in 15 Patients.

Adverse events, n (%) N =97

Treatment related

Nausea 4 (4)
Fatigue 3 (@)
Abdominal pain 2(2)
Diarrhea 2(2)
Headache 1(1)
Vertigo 1(1)
Weight gain 1(1)
Mood disturbance 1(1)
Serious adverse events
Hepatic decompensation 3 (@)
Death 1(1)
Deteriorating renal function 1(1)

Leading to discontinuation of treatment

Treatment related
Abdominal pain 2(2)
Deteriorating renal function 1(1)

In 3 cases, adverse events led to treatment discontinuation.

The 5 participants who were CTP class A at baseline but who
had had prior clinical decompensation, and a further 2 partici-
pants who were treated with an immediate “lead-in” regimen of
SOF + NS5A-inhibitor, also tolerated SOF/VEL/VOX well; no
AEs were recorded. Among participants with LT, there was no
AEs on graft function or DDIs recorded.

DISCUSSION

This is the first Australian real-world study to investigate the
efficacy and safety of SOF/VEL/VOX among participants with
relapsed HCV infection following treatment with an NS5Ai-
containing DAA regimen, and advanced liver disease or LT.
Although the per protocol SVR12 rate of 90% was lower than
top-line results in the registration trial, our sample was notable
for “difficult-to-cure” characteristics including cirrhosis, PHT,
and HCV GT3 infection.

The cohort is unique in its complexity including a high
prevalence of cirrhosis (78%), the majority with PHT (61%,
n = 46/76), which was notably higher than in POLARIS-1
and other SOF/VEL/VOX real-world studies (prevalence of
cirrhosis 34-46%) [10-13]. The majority of participants also
had HCV GT3 infection, which has been associated with in-
creased likelihood of relapse after SOF/VEL/VOX in some
real-world data, and approximately one-fifth had prior HCC
[11]. It is the largest real-world study of relapsed patients with
GT3 HCV. Our cohort also included the largest number of
LT recipients outside of registrations trials, demonstrating
that LT recipients can be safely treated and potential DDI ap-
propriately managed. As expected, where virological testing
was available, there was a high prevalence of HCV NS5A RAS
at baseline (91%, n = 49/54), and 15% had previously failed
multiple NS5Ai-containing DAA regimens, in some cases up
to 4. Despite these difficult-to-cure characteristics, we show
that 12 weeks SOF/VEL/VOX can achieve high rates of cure
in clinical practice.

Our analysis did not identify any association between treat-
ment outcomes and HCV genotype. The SVR12 rate was 89%
among patients with GT3 HCV. This SVR12 proportion is sim-
ilar to that observed in POLARIS-1, both in participants with
GT3 HCV infection and cirrhosis, and in the overall cirrhotic
population [10]. The rate of SVR12 observed in our GT3 pa-
tients is higher than that described by Llaneras and colleagues
in Spain, who observed SVR12 rates of 80% (n = 24/30) in GT3
infection and 69% (n = 9/13) among GT3 cirrhotics, and from
Degasperi and colleagues in Italy (SVR12 84% [n =16/19]
among GT3 cirrhotics) [11, 13]. The SVR12 data in our co-
hort are more similar to those with GT3 cirrhosis reported by
Belperio in a Veteran’s Affairs cohort (SVR12 = 91%, n = 21/23)
[12]. The reasons for the differences between SVR12 rates re-
ported in these respective cohorts is not clear, but our data pro-
vide reassuring evidence that in a large real-world cohort of
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patients with GT3 cirrhosis and advanced disease, SVR12 rates
remain high.

The high prevalence of participants with GT3 infection in this
cohort, most of whom were cirrhotic, was notable. The commu-
nity prevalence of GT3 HCV infection is approximately 39% in
Australia [18]. The frequency of GT3 infection in our cohort
exceeded 70%, consistent with GT3 remaining harder to cure
than non-GT3 HCV after first-line DAA regimens, particularly
in patients with cirrhosis (5). Most GT3 participants in our
study were previously treated with SOF + DCV or SOF + VEL.
GLE + PIB was not available in Australia at the time that this
study was conducted. European guidelines no longer recom-
mend 12 weeks SOF + VEL as a first-line treatment for GT3 in-
fection and cirrhosis due to suboptimal outcomes in this group
[19]. The high prevalence of GT3 in our study cohort highlight
the importance of optimizing first-line DAA therapy for pa-
tients with GT3 infection and cirrhosis to minimize relapse and
the need for salvage treatment.

Overall safety of SOF/VEL/VOX was acceptable; however,
there were 3 episodes of hepatic decompensation in previously
well-compensated CTP class A participants during treatment.
As salvage triple therapy including Pls are increasingly pre-
scribed to patients with advanced disease, the data highlight the
need for regular clinical review and laboratory investigations
to monitor for PI toxicity for at-risk patients during treatment.
When toxicity is detected, treatment should be immediately dis-
continued. Where patients are LT candidates, we recommend
review by a transplant board prior to commencing treatment.

Three participants with CTP class B disease were commenced
on SOF/VEL/VOX, beyond the EAP criteria. Although no he-
patic toxicity was noted in these cases, the use of NS3/4A PI in
patients with CTP class B/C cirrhosis cannot be recommended.
There were 5 other participants who were down-staged to CTP
class A severity from CTP class B/C during prior treatment with
SOF + NS5A (VEL/DCV), which was prescribed as a “lead-in”
regimen immediately prior to SOF/VEL/VOX in one; all toler-
ated treatment well with close monitoring. In patients who are
not candidates for LT, we believe the lead-in strategy regimen of
SOF + NS5Ai to optimize liver function and downstage to CTP
class A, prior to introducing VOX, warrants prospective evalu-
ation given our positive experience.

Baseline RAS testing was available for 54 participants, and
the presence of NS5A RAS was not associated with treat-
ment failure. This is in keeping with results of a post hoc anal-
ysis of SOF/VEL/VOX registration data demonstrating that
multitargeted combination therapy can overcome baseline re-
sistance quasispecies [20]. There is thus a limited role for HCV
NS5A sequencing in routine clinical management of these
patients.

Second-line salvage therapies for the small number of patients
who fail SOF/VEL/VOX are not well defined. As extension of
treatment duration and regimen intensification with ribavirin

was shown to improve SVR12 rates among DAA-experienced
patients prior to the registration of relapse regimens including
triple DAA therapy, we believe that both 24 weeks SOF/VEL/
VOX = ribavirin or 16 weeks SOF + GLE/PIB # ribavirin pre-
sent reasonable retreatment strategies for SOF/VEL/VOX fail-
ures [21]. Although ribavirin was included with SOF/VEL/
VOX for 3 participants with GT3 and cirrhosis in our cohort,
this number was too small to determine its effect.

In conclusion, SOF/VEL/VOX was an effective option for
treatment of patients with difficult-to-cure characteristics who
do not respond to a first-line DAA regimen, including patients
with cirrhosis, GT3 HCV, and prior LT. Overall, this treatment
regimen was well tolerated; however, serious AEs can occur in
those with advanced liver disease.
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