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Abstract

Although direct-acting antivirals (DAAs) are shorter and better tolerated than older treatments
for Hepatitis C (HCV), many HCV-infected patients who are not yet cured will find adhering to
standard treatment lengths challenging. However, which patients might achieve cure with

short-course treatment is unclear.

This thesis used data from two trials investigating short-course HCV treatment, STOP-HCV-1
and SEARCH-1, to explore factors associated with cure, time to treatment failure and with the
kinetics of viral load (VL) rebound to help understand which patients might be most suitable
for short-course treatment. Quality of life (QoL) with varying treatment durations and ribavirin
was investigated to determine acceptability of treatment options. The statistical aspects of

VIETNARMS, a HCV treatment trial with an early stopping mechanism, were assessed.

Baseline VL was strongly associated with all outcomes. The probability of cure was highest in
those with HCV genotype 1b, CC IL28B genotype, no DAA resistance and no current substance
abuse at baseline. Treatment failure happened quicker in older participants, those with
genotype 1la and with shorter treatment lengths. Peak rebound VL was higher in those taking
ribavirin, no DAA resistance and a higher Fibroscan score, and faster in those with IL28B

genotype CC.

There were no clear differences in QoL between those taking different lengths of treatment

and no lasting impact on QoL of taking ribavirin.

A statistically rigorous approach to monitoring the VIETNARMS design was developed: the
probability of incorrectly or correctly stopping a group during follow-up was appropriate and

overall power at the final analysis will be sufficiently high.

Overall, baseline VL was the main determinant of suitability for short-course treatment, with
HCV genotype, IL28B genotype and pre-existing DAA resistance also key factors. Treatment
lengths and ribavirin use can be tailored to these patient characteristics without compromising

Qol and could be tested in well-designed trials.



Impact Statement

Chronic infection with the Hepatitis C virus (HCV) is now easily treatable with highly efficacious
direct acting antivirals, which are shorter and better tolerated than older HCV treatments. It is
estimated that only 62% of those with known HCV infection have received treatment; a high
proportion of those still left to treat are in hard-to-reach populations who may struggle with
adherence to standard durations of treatment (8-12 weeks). More research is needed to

determine which patients are suitable for short-course treatment.

In this thesis | used data from the STOP-HCV-1 and SEARCH-1 trials to help understand better
who might successfully achieve cure with short-course treatment and how to investigate
several different strategies in one clinical trial where there is little prior evidence which are the

ones most likely to be beneficial to patients.

| identified various factors that were associated with cure on short-course HCV treatment,
primarily viral load at the start of treatment, which could be used to generate selection or
exclusion criteria for receiving short-course treatment or for participation in a clinical trial. |
also identified factors associated with time until treatment failure and the kinetics of VL
rebound, which could also aid in the development of drug shortening strategies by suggesting

which patients need longer treatment, that could then be tested in clinical trials.

Looking at quality of life (Qol) of trial participants, | did not find that this was related to length
of short-course treatment. | found that although there was a trend for worse QoL for those
taking ribavirin, this no longer existed by the timepoint when cure was determined. | also
showed that some of the negative effect on QoL from ribavirin was mediated through
anaemia, and therefore, timely treatment of anaemia might prevent these effects. With this
information, longer treatment or adjunctive ribavirin could be considered when testing new
strategies, as in VIETNARMS, or clinicians could feel more confident prescribing longer
treatments or ribavirin if their main concern about using those regimens was worse QoL for

the patient leading to potentially lower adherence.

It is my work on the VIETNARMS trial design that has had the most impact to date. When |
assessed the VIETNARMS design, the trial had received funding, but was still in the design
phase and had not yet received ethical approval. The development of the stopping guideline
and the interim analysis monitoring plan were included both within the trial protocol and in
presentations to approval committees in support of the trial. Although the monitoring plan
could not be followed according to the anticipated timing of visits due to delays in recruitment
caused by COVID-19 lockdowns, it was followed as closely as possible according to the number
of outcomes expected. The VIETNARMS trial is currently in follow-up with all interim analyses
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completed and a planned first-line last participant last visit in October 2023. This work was
presented orally to clinical trial statisticians and methodologists at the International Clinical

Trials Methodology Conference in 2019 and later published in Trials.
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1 Introduction

1.1 Hepatitis C

Hepatitis C virus (HCV) is one of the five known hepatitis viruses and without treatment can
lead to liver disease, cirrhosis, hepatocellular carcinoma and death. First identified in 1989 (1),
there were an estimated 57 million people infected globally in 2020 (2) and it is one of the
leading causes of death (3). Compared to 1990, the number of people estimated to be infected
has decreased due to a lower infection rate, initially mainly due to a reduction in nosocomial
infections (4) and an increase in mortality caused by those already infected advancing to late
stage liver disease, but more recently and more substantially following the introduction of
direct-acting antivirals (DAAs). In order to reduce the impact of HCV, in 2016 the WHO set
targets for the elimination of HCV as a global health threat by 2030, by reducing incidence of

chronic HCV infections by 90% and mortality from chronic HCV infections by 65% (5).

HCV initially starts as an acute infection, which is often asymptomatic, and approximately a
third of those infected cure spontaneously within the first 6-12 months after infection without
the need for treatment (6). Spontaneous clearance is significantly lower in males, those aged
245 years, those with IL28B genotypes CT or TT and those co-infected with HIV. It is also lower
in those with a history of injecting drug use and current excessive alcohol use, who may also
struggle to adhere to HCV treatment (7). For those who do not spontaneously clear the virus in
this time period, their infection is considered chronic and cure can usually only be achieved

with treatment.

HCV is estimated to affect between 0.5-1.6% of the global population, depending on region;
prevalence is highest in the Eastern Mediterranean region (1.6%) followed by Europe (1.3%)
with a prevalence of 0.8% in Africa and 0.5% elsewhere (8). However, there are large
disparities in the proportion of those with a known diagnosis and who have accessed
treatment. In the Eastern Mediterranean, it is estimated that 37% of people infected with HCV
are aware of their status and 33% have accessed treatment, indicating a very high level of
treatment in those who have been diagnosed. In Africa, it is estimated that 5% are aware of

their status, but only 0.5% have accessed treatment.

There are 7 HCV genotypes, each consisting of numerous subtypes, with varied global
distributions (4). In Europe and Oceania, the most prevalent genotypes are 1 and 3, with
genotypes 1 and 2 being most common in North America. This has led to a large number of
studies focused on genotypes 1 and 3, with limited research into other genotypes. Within the
Middle East, particularly Egypt, Kuwait and Qatar, and parts of Sub-Saharan Africa, notably the

Democratic Republic of Congo and Burundi, genotype 4 is the most common genotype.
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Genotype 5 is mostly found in South Africa and Mozambique, with only a very small proportion
of the distribution outside of these countries. Genotype 6 is most commonly found in South-
East Asia, making up over half the genotype distribution in those infected in Cambodia, Laos

and Vietham.

HCV viral load (VL) is the measure of HCV RNA circulating in the body. After the initiation of
treatment, VL declines in two phases: a fast first phase where virus is cleared from circulation
and a slower second phase where infected cells die. There have been very few studies
investigating the factors affecting viral load decay. Of the five studies | have identified, only
ribavirin, low baseline HCV VL and low baseline ALT were associated with faster declines.

Further detail into the mechanism of decline and associated factors is given in Section 3.2.

HCV cure is measured by sustained virologic response (SVR), which is defined as having
undetectable levels of HCV RNA in the blood, usually at least 12 (SVR12) or 24 (SVR24) weeks
after completing treatment. Those who have achieved SVR have significantly lower rates of
morbidity and overall mortality, as well as mortality due to hepatocellular carcinoma,
compared to both those who have not been treated and those who have been treated but did
not achieve SVR (9). As well as preventing occurrence of future complications, SVR can also

lead to a reduction in cirrhosis or stage of fibrosis (10).

1.2 Historical treatment with interferon

Initial treatment for HCV infection consisted of injectable interferon monotherapy for 24 or 48
weeks, with very low SVR rates of 6% and 20% respectively (11) (Figure 1.1). The addition of
ribavirin in 1998 increased SVR rates significantly to 32%. SVR rates increased further after
2001 with the use of pegylated interferon (PEG-IFN), which increased both concentrations of
interferon and its half-life, to approximately 50% after 48 weeks of treatment, although SVR

rates could be as high as 80% in genotypes 2 and 3 (12).

SVR rates were affected by lack of adherence due to the long treatment regimens and poor
tolerance due to adverse events, with 9-42% of patients requiring dose reductions and 7-13%
stopping treatment altogether (12, 14, 15). Incomplete adherence due to poor tolerance was
particularly an issue in those taking ribavirin over these long periods of time (15). With
interferon, the majority of patients experienced flu-like symptoms at the beginning of
treatment. Other common adverse events included fatigue, insomnia and alopecia. Severe
adverse events were less common but included depression with suicidal ideation and
autoimmune disease. Anaemia was very common with ribavirin (16), and was severe enough

to require treatment with blood transfusions in some cases. Ribavirin also has teratogenic
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effects so care needed to be taken to prevent pregnancy in the patient or patient’s partner for
up to 6 months after completing treatment.
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Figure 1.1: SVR rates over time for standard HCV treatments (reproduced from (13))

Image reproduced with the permission of the rights holder, John Wiley and Sons.

Though standard treatment with interferon was 24-48 weeks, patients who had a low baseline
VL (<400,000 IU/ml) and undetectable RNA 4 weeks after starting treatment had comparable

SVR rates with only 12 weeks of treatment (17, 18).

1.3 Direct-acting antivirals

DAAs are oral medications that have greatly improved SVR rates and have allowed more
people infected with HCV to access treatment. First used in combination with interferon and
ribavirin in 2011, DAA regimens are now 8-12 weeks in length, interferon-free and ribavirin-
free and are the WHO recommended treatment for HCV (19). SVR rates with DAAs are up to
100%, depending on genotype and regimen (Figure 1.1). Adherence has increased and there
are lower rates of adverse events, with <10% patients stopping treatment or experiencing a

serious adverse event (20).
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There are three classes of DAAs, each targeting a different protein involved in viral replication:
NS3/4A protease inhibitors, NS5A inhibitors and NS5B inhibitors. Commonly used DAAs and

their drug classes are listed in Table 1.1 (21).

The NS3/4A protease is an enzyme that cleaves the large polyprotein initially created from the
translation of the viral RNA into the various structural and non-structural proteins that are
necessary for viral replication. NS3/4A protease inhibitors prevent this cleavage from occurring
and so the virus is unable to replicate. The NS5A protein is involved in many stages in viral
replication including interacting with both other viral proteins, particularly NS5B, and the host
cell to create a more favourable environment for viral replication, as well as having a role in
viral assembly and release. While the exact mechanism of both NS5A itself and NS5A inhibitors
is unclear, it is hypothesised that the inhibitors work to prevent multiple NS5A processes from
occurring (22). NS5B is responsible for replicating viral RNA by catalysing the process of adding
new nucleotides to complementary RNA strands, using the viral RNA as a template. The two
NS5B inhibitors differ in their mechanism of action: sofosbuvir incorporates into the RNA chain
created by NS5B and acts as a chain terminator by preventing further growth of the RNA,
whereas dasabuvir binds to NS5B directly to inhibit further elongation of the RNA chain (23).

Table 1.1: Direct-acting antivirals and their classes

NS3/4A protease inhibitors  NS5A inhibitors NS5B inhibitors
Glecaprevir* Daclatasvir* Dasabuvir
Grazoprevir Elbasvir Sofosbuvir*
Paritaprevir Ledipasvir

Simeprevir Ombitasvir

Voxilaprevir Pibrentasvir*

Velpatasvir*

*Used as part of WHO recommended pangenotypic regimens (19)

Recommended regimens combine classes of DAAs; these combination regimens are more
effective and have a lower risk of drug resistance than a single class due to their different
mechanism of action. WHO recommended pangenotypic (i.e. effective against every genotype
of virus) regimens consist of the NS5B inhibitor sofosbuvir with a NS5A inhibitor, either
daclatasvir or velpatasvir, or the NS3/4A protease inhibitor glecaprevir with the NS5A inhibitor

pibrentasvir (19).

The initial cost of DAAs was high and ranged from US$900 to $95,000 per cure (24), but

increased competition and development of more DAAs has led to a reduction in the cost of
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treatment in some settings. Some national health systems have negotiated further reductions
in the cost of DAAs reducing the cost burden of treatment (25) and voluntary licences allowing
the production of DAAs by generic manufacturers have reduced the costs in many low and
low-middle income countries (26). Although these lower costs have made DAA treatment
more affordable for many people, countries with a high burden of HCV may still struggle to
eradicate the disease and patients in countries with no access to generic drugs who are

expected to pay for or contribute to the costs of their treatment may find it particularly hard.

1.4 Short-course DAA treatment for HCV

Despite DAAs being better tolerated with shorter treatment lengths, there are still barriers to
treating hard-to-reach populations such as prisoners, people who inject drugs and the
homeless. At the end of 2019, the WHO estimated that 9.4 million people with chronic HCV
infection had received DAA treatment, which is 62% of those who knew their diagnosis but
only 13% of the total of those infected (8). To achieve the WHO’s target for 2030, it will be
important to treat both those who struggle to adhere to treatment and those who are unable
to afford treatment. Short-course treatments are more likely to be completed by the former

group and are more likely to be affordable to the second group.

Literature on previous studies investigating short-course treatment is reviewed in Section 2.2.
Of the twelve studies identified testing DAA treatment lengths of 6 weeks or shorter, the
primary factor associated with SVR12 was a low baseline VL or a rapid response to treatment.
In studies testing adjunctive ribavirin or PEG-IFN, higher SVR12 rates were seen in those
groups compared to participants not receiving adjunctive drugs. Other factors associated with
SVR12 were HCV genotype (1b compared to 1a, non-3 compared to 3) and lack of pre-existing

resistance to prescribed DAAs.

The WHO has previously highlighted the need for research identifying predictive factors to
determine which patients are suitable for short-course treatment (19). Not all HCV patients
need the full duration of 8-12 weeks treatment to achieve cure, but it is not known which
groups can take shorter treatment and what length of treatment they would need. The
simplest strategy for allocating shortening treatment would be to prescribe a length of
treatment based on a patient’s individual characteristics, either based on large categories such
as baseline VL and genotype or on a wider set of criteria to create a more individualised
treatment regimen. Another strategy for shortening treatment is response guided therapy
(RGT). RGT involves measuring the VL of a patient at a given time after starting treatment and
if the VL is below a given cut-off, the treatment length can be shortened. Historically with PEG-

IFN, the time point at which the VL was measured was after 28 days, but this time point would
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not be informative with DAAs as most patients would be virologically suppressed and so a

shorter time point is used, usually after 2 or 7 days.

1.5 Introduction to trials of short-course HCV treatment used within the

thesis
Data from two trials investigating the use of short-course treatment were used within this
thesis. The STOP-HCV-1 trial was a factorial trial conducted in the UK which investigated short-
course HCV treatment, where the duration of therapy was based on baseline VL, as well as the
use of adjunctive ribavirin. The SEARCH-1 trial was a single arm trial conducted in Vietnam,
which opened to recruitment after the analysis of STOP-HCV-1 had taken place and
determined length of treatment using VL at day 2 or 14, depending on severity of liver disease.
It was also the pilot trial for VIETNARMS, described in Chapter 5, which, at the time of
submission, had closed to recruitment and was in follow-up with an expected first-line last

participant last visit date in October 2023.

1.5.1 The STOP-HCV-1 trial

STOP-HCV-1 was an open-label, non-inferiority randomised controlled trial testing biomarker-
stratified short-course treatment with or without ribavirin within the UK (Figure 1.2) (27).
Between 18" March 2016 and 28™ August 2018, the trial recruited 204 adults infected with
HCV genotype 1a, 1b or 4 for 26 months, with mild liver disease (Fibroscan score <7.1kPa) and
a screening HCV viral load that was detectable but <10,000,000 IU/ml. Any participants co-
infected with HIV also had to be HIV suppressed for >24 weeks at screening. Study sites were
primarily in England (12 sites), with 1 site each in Scotland and Wales; the three largest
recruiting areas were London (5 sites, 40% of total recruited), Brighton (1 site, 14% of total)

and Nottingham (12% of total).
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Figure 1.2: STOP-HCV-1 trial schema

Participants were factorially randomised to either 4-7 weeks of DAA with the precise duration
determined using a sliding scale based on screening HCV viral load (Figure 1.3) vs 8 weeks of
DAA (control), and also to receive ribavirin or not. First-line regimens were
ombitasvir/paritaprevir/ritonavir for genotype 4 participants with additional dasabuvir for
genotype 1 participants, and glecaprevir/pibrentasvir for all participants where locally
available. Those who failed first-line treatment at any point received retreatment, which
consisted of 12 weeks of sofosbuvir/ledipasvir and ribavirin. The primary outcomes of the trial
were SVR12 after first-line or any necessary retreatment for the duration comparison and

SVR12 after first-line treatment only for the ribavirin comparison.

In the STOP-HCV-1 trial protocol, treatment failure was defined as either:

“”

i. two consecutive measurements of HCV RNA >LLOQ (taken at least one week apart)
after two consecutive visits with HCV RNA <LLOQ, at any time, with the latter confirmatory

measurement also being >2000 IU/ml, or

ji. two consecutive measurements of HCV RNA (taken at least one week apart) that are >1

log10 increase above HCV RNA nadir on treatment and >2000 IU/ml, at any time.”
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The time of treatment failure was the first VL taken that constituted the first of the two VLs
needed in the definition of treatment failure, with the second VL considered as only a

confirmatory result.

At the onset of the trial, those randomised to the variable duration group received 4-6 weeks
(VUS1) of treatment based on the screening HCV viral load. After the DMC meeting in April
2017, the Data Monitoring Committee (DMC) recommended that the treatment length should
be altered based on a pre-specified adaptation detailed in the protocol. Participants

randomised after 1°* April 2017 received 4-7 weeks (VUS2) of treatment (Figure 1.3).
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Figure 1.3: Allocated days of DAA based on baseline HCV VL with treatment length allocated
to all participants within STOP-HCV-1

The trial was designed with a sample size of 408 participants, but the trial was stopped due to
slow recruitment after only 204 were randomised, with 202 starting first-line treatment and
included in analyses. Recruitment was slow due to not being able to access enough drug for
treatment and, later, due to the unsuitability of the trial for those who were left to treat.
Therefore, the trial participants were likely to resemble those with mild liver disease who were
being treated at the time of the trial, they would be less likely to resemble those who were left
to treat and would benefit most from the shortening strategy, however this would be the case

for any trial testing short-course HCV treatment.
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Within the participants included in these analyses, those randomised to receive fixed duration
treatment took a mean (SD) 56.5 (1.0) days of first-line DAA, VUS1 participants took 32.5 (4.1)
days of DAA and VUS2 participants took 39.8 (5.6) days of DAA.

Three participants were lost to follow-up and their first-line SVR12 status could not be
otherwise ascertained: in total SVR12 status could be ascertained in 97/100 (97%) participants
receiving variable duration treatment and 101/102 (99%) participants receiving fixed duration
treatment. First-line SVR12 was 70% (95% Cl 64, 75) overall. SVR12 in the fixed 8 week
duration arm was 91% (95% Cl 86, 97). In the variable duration arm, SVR12 was 48% (95% Cl
39, 57) overall; however, despite the mean difference in DAAs received being only 7.3 days,
there was a large difference in SVR12 between the VUS strategies with 36% (95% Cl 25, 48)
achieving SVR12 in the VUS1 group and 72% (95% Cl 56, 87) in the VUS2 group (p=0.001 for

the difference in effect of duration randomisation between the two VUS strategies).

There was no evidence of differences in first-line SVR12 rates between those who took
ribavirin and those who did not (p=0.48), with SVR12 rates of 68% (95% Cl 61, 76) and 72%
(95% CI 65, 78), respectively. All participants who required retreatment achieved SVR12 after
their retreatment. Baseline demographics and further results from all participants are detailed

in the main trial paper (27).

1.5.2 The SEARCH-1 trial

SEARCH-1 was a single arm trial conducted in Vietnam testing the efficacy of shortened
treatment based on on-treatment response, and recruited participants between 12" February
2019 and 4™ March 2020 (Figure 1.4) (28). There were two strata within the trial: Stratum A
was limited to participants with mild liver disease (Fibroscan score <7.1 kPa) who received
either 4 weeks or 8 weeks of treatment dependent on a day 2 (D2) HCV VL of <500 or 2500
IU/ml respectively; Stratum B was limited to cirrhotic participants (Fibroscan score 210.1 kPa)
who received either 12 weeks or 24 weeks of treatment based on a D14 HCV VL of <500 or
>500 IU/ml respectively. All participants received sofosbuvir/daclatasvir. In the SEARCH-1 trial
protocol, treatment failure was defined identically to the STOP-HCV-1 trial. Only data from the
52 participants recruited in Stratum A were included in this thesis as both the participants (in
terms of stage of disease) and treatment lengths in Stratum B were too different to those from
the participants in STOP-HCV-1 (also fewer (only 41) participants were recruited in Stratum B

by design limiting power for any comparisons).
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Figure 1.4: Schema of SEARCH-1

Of the 52 participants that were enrolled into Stratum A, 34 participants received 4 weeks
treatment and 17 received 8 weeks. First-line SVR12 was 38/51 (75%; 95% Cl 63, 86) overall,
with all participants achieving cure after any necessary retreatment (28). One participant

withdrew while on treatment and was excluded from analyses of the main trial and this thesis.

1.5.3 Previous work on the STOP-HCV-1 and SEARCH-1 trials

| worked as the trial statistician on both trials, liaising with the study team on a day-to-day
basis and responsible for performing all statistical analyses. | worked with the data
management teams to identify data queries and missing data. For SEARCH-1, | was also
involved in the drafting and review of case report forms. | analysed the data for interim
analyses for both trials (four for STOP-HCV-1 and one for SEARCH-1) and presented the full
reports to the DMCs and, when the committees met, open sections of the report to the Trial
Steering Committees. | also performed the final statistical analysis for both trials, presented
the results to the wider study team, and provided the tables and figures for and reviewed the

primary manuscripts.

1.6 Overview and objectives of the thesis

Although there have been attempts to determine which patients are suitable for short-course
DAA treatment, many trials investigating short-course treatment are still unsuccessful (see
Section 2.2 for further details on these trials). Different strategies for shortening therapy may

be beneficial for different groups of patients, depending on their demographics and their
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preferences for treatment, including tolerance for adjunctive drugs or need for monitoring
during treatment. However, more research is needed to identify both these groups of patients

and successful strategies.

The overall aim of this thesis was to investigate which patients might be suitable for short-
course DAA treatment and how to trial suitable strategies for shortening or sparing HCV

treatment. Specifically, my objectives were to:

- Explore potential factors that could help select patients for short-course HCV
treatment based on the rates of treatment failure, the timing of treatment failure and,
in those with treatment failure, how fast and how high viral rebound was.

- Examine the impact of short-course DAA treatment, ribavirin and SVR12 on quality of
life to determine the acceptability of shortened treatment options for patients.

- Assess the statistical aspects of a complex clinical trial testing several strategies for

shortening or sparing HCV treatment to ensure valid and reliable results.

In Chapter 2, | used the STOP-HCV-1 trial data to examine factors associated with SVR12 and
used these to predict which groups of patients would have a high enough probability of cure
such that shortened treatment could be a suitable strategy. Additionally, | also compared
several methods of model selection to determine robustness of factor selection and

probabilities of achieving SVR12.

In Chapter 3, | combined the SEARCH-1 data with the STOP-HCV-1 data to investigate factors
associated with key aspects of treatment failure: specifically, the timing of when treatment

failure occurred and, once it had occurred, the speed of VL rebound and peak VL rebound.

In Chapter 4, | used the STOP-HCV-1 trial data to examine the impact of short-course DAA
treatment, adjunctive ribavirin and SVR12 on quality of life of HCV patients. As anaemia is a
common adverse event from the use of ribavirin, | also investigated the impact of anaemia on

quality of life specifically.

In Chapter 5, | examined the statistical aspects of the VIETNARMS trial, by assessing the
operating characteristics of the stopping guideline, developing a plan for interim analyses, and

investigating how the complex design affects the power of the trial.

In Chapter 6, | summarised and discussed my findings from the thesis.
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2 Predictions of SVR12 with short-course DAA treatment: what factors
are important and which patients have a high probability of cure

2.1 Introduction and aims

The overall aim of this chapter was to determine which factors are associated with SVR12 and
how likely patients with those factors are to achieve SVR12, using the data collected from the
STOP-HCV-1 trial which compared a variable treatment length of 4-7 weeks based on baseline

VL to a fixed duration 8-week treatment.

Although short-course therapy will be important for curing those remaining with HCV who are
currently difficult to treat, it will not be suitable for all patients. Identifying the patients who
will benefit the most, and also the least, from short-course therapy allows it to be targeted and
prevent treatment failure in patients unlikely to cure and waste resources in settings where
these may be limited. Additionally, looking at the effect of different treatment options (here
VUS1 (4-6 weeks) vs VUS2 (4-7 weeks)) and the addition of ribavirin can also be used to
determine the relative benefits of these treatment options, primarily the increased probability
of cure, which can then be weighed against the risks and costs of monitoring longer treatment

or increased adverse events for individual patients.

My first aim was to determine which factors were associated with a higher probability of
SVR12 in STOP-HCV-1. | first built a model including only baseline factors: this model is
important as clinicians need to understand the probability of cure before treatment is initiated
and is also useful where follow-up visits during or at the end of treatment are not possible. |
also attempted to extend the baseline model by including on treatment and end of treatment
factors. A model with these factors would be useful where a patient would be able to return
during treatment and their probability of cure could be updated and treatment duration
lengthened if necessary. Finally, | also examined models of baseline factors that excluded
those tests that are less likely to be available in resource limited settings where there may be a

greater need for short-course treatment due to costs.

My second aim was to examine the impacts of different model building processes on the
selection of factors. This was performed due to the limited sample size and number of

outcomes and the potentially large number of factors of interest.

My third aim was to generate probabilities of cure for specific groups of patients under
different treatments based on the model selected. These could then be used to determine if
specific groups of patients, based on the original model developed, would have a high enough

probability of cure to attempt short-course treatment and, if so, what strategy would be
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acceptable and would the addition of ribavirin be necessary to achieve sufficiently high cure

rates.

2.2 Background

Predictors of cure with interferon and ribavirin have been well established. One of the main
factors affecting SVR rates from treatment with these drugs was HCV genotype, with up to
80% of patients with genotypes 2 and 3 achieving SVR compared with only 50% of those with
genotype 1 (12). Within genotype 1, patients who had a low baseline VL (£600,000 IU/ml),
were not black and had minimal fibrosis were more likely to achieve SVR (29). Females were
also more likely to achieve SVR (30) as were younger patients who are <40 years old and those
with a lower body weight (12, 31). Additionally, IL28B genotype SNP rs12979860 was
associated with SVR, with those with the CC genotype having a higher SVR rate than those with
the CT or TT genotype; due to different distributions within different ethnic groups, this may
explain up to half the discrepancy in SVR between ethnicities (32). Of these factors, HCV
genotype and baseline VL, as well as on treatment responses, were able to determine with
reasonable accuracy who was able to cure on shorter interferon treatment as well as who
needed longer treatment, and hence were used to stratify treatment duration in different

populations.

For standard length DAA treatment, the presence of advanced liver fibrosis or cirrhosis is the
most common indicator for reduced SVR12 rates, with almost all studies reporting it as an
associated factor. Other common factors associated with reduced SVR12 include HIV
coinfection and previous HCV treatment (33-35). Race has also been found to be a predictor of
SVR using standard length DAAs, with black patients having a lower cure rate, but this may be
due to differing rates of treatment completion (36, 37). For laboratory results, one study found
that low baseline albumin and high bilirubin was associated with not achieving SVR12 (38), and
two studies have found that baseline creatinine or eGFR are related to SVR rates but with
associations in opposite directions (39, 40). Very few or no studies including participants
receiving standard length DAA treatment have shown a difference in SVR rates based on sex,

IL28B genotype or HCV genotype (other than genotype 3).

There have been a limited number of clinical trials that have tested short-course HCV
treatment based on specific entry criteria: those trials that were more successful either had
strict entry criteria or had minimum treatment lengths of 6 weeks. Lau et al. reported a 100%
SVR12 after three weeks of treatment in participants with HCV genotype 1b who had no
cirrhosis and with both a baseline HCV VL 10,000-10,000,000 IU/ml and HCV VL <500 IU/ml on

day 2 of treatment (41). Another trial tested 4 weeks of DAA treatment in those aged 18-48
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years with a BMI <30kg/m?, mild liver disease and a baseline HCV VL 2,000,000 IU/ml, and
reported a SVR12 rate of 75% (vs 90% with 4 weeks of DAA treatment plus PEG-IFN) (42). Two
additional studies by Madsen et al. enrolled participants aged 18-49 years with mild liver
disease and who were treatment naive; all were given 4 weeks of treatment. In one study,
overall SVR12 was 59%, but increased to 73% in those also receiving ribavirin (43); in the
second overall SVR12 was 58%, but in participants with a baseline HCV VL <2,000,000 1U/ml
this increased to 93% (44).

Other trials that have tested 4 week DAA treatment courses in participants with no cirrhosis
and either genotype 1 or no prior HCV treatment have reported much lower SVR12 rates of 20-
40% (45-48). When the treatment length was extended to 6 weeks, still shorter than the
standard 8-12 weeks DAA treatment, either within the same study or in separate studies, the
SVR12 rate increased to 57%-99% (46-52). Analysis examining factors associated with SVR12
within the 4 week treatment trials have suggested lower baseline HCV VL, younger age, HCV
genotype (non-3 vs 3 or 1b vs 1a) and absence of baseline resistance to prescribed DAAs to be
associated with higher SVR rates. Within the 6 week treatment trials, SVR12 was higher in
those that did not have cirrhosis compared to those that did (47) and those who were

treatment naive (49).

2.3 Methods

As the duration of treatment related to screening viral load differed according to the
randomisation in STOP-HCV-1, models were generated separately for the variable duration and
the fixed duration group. All models were adjusted for ribavirin randomisation regardless of
statistical significance and the variable duration model was additionally adjusted for VUS
strategy (VUS1 or VUS2) as the interaction between strategy and duration randomisation was
highly significant (p<0.0001) in the main analysis of STOP-HCV-1. Trial centre was not included
as a factor due to the small number of participants recruited by some centres. Prescribed DAA
regimen was also not included as a factor due to the very small number of participants

receiving glecaprevir/pibrentasvir.

This analysis aimed to investigate associations between SVR12 and variable (VUS1/VUS2) or
fixed 8 week duration treatment. Due to small numbers and perfect prediction, no participants
with HCV genotype 4 could be included in the analysis (n=1 in each treatment group, both
cured) and no participants with HCV genotype 1b could be included in the fixed duration
analysis (n=17, all cured). Three participants in the fixed duration group were also excluded
from the analysis as they took substantially less treatment than allocated (27, 32 and 40 days

instead of 56). Therefore, 96 participants who received variable duration treatment and 80
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who received fixed duration treatment have been included in the analysis within this chapter.
All participants had mild liver disease (Fibroscan score <7.1kPa) due to the trial’s inclusion

criteria.

2.3.1 Factors included for selection in models

Initial models assessed potential baseline predictors only, including baseline demographics,
resistance to prescribed DAAs, HCV VL (after logio transformation) and baseline biochemistry
test results, to allow for a model that could predict who would have the greatest chance of
cure with short course treatment before the commencement of treatment. In total, all
baseline data collected was considered in the baseline predictor model, apart from
haematology test results, as these were not considered to be important factors based on

previous research, and other medical conditions with low prevalence (<10%).

Biochemistry results at end of treatment (EOT) and adherence to DAAs (as reported by
participants) (full list of variables in Table 2.1) were considered in a second model to assess if
these improved the fit of the baseline model. Also considered was virologic response at days 3,
7, 14 and 28: relative change, absolute change and if suppressed were considered (if

suppressed at day 3 was not considered due to perfect prediction).

The correlation between all potential factors was assessed using Spearman’s rank correlation
coefficients; factors with a high correlation (rho>0.8) were not tested together, apart from ALT

and AST (rho=0.88) where potential collinearity was carefully considered.

Continuous factors were examined for outliers and those with large outliers, assessed visually,
were truncated to the 1%, 5%, 95%, 99% percentile as appropriate. Non-linearity in effects of
covariates was tested using fractional polynomials in the backwards elimination model; there
was no evidence of non-linearity and so models estimated linear associations with continuous

covariates in all models.

All previously identified factors in the literature were collected during STOP-HCV-1 and could
be included in the analysis. However, adherence to DAAs was measured only by participant
recall and may not be as accurate as other methods used to measure adherence within clinical

trials, such as pill counts and directly observed therapy.

2.3.2 Missing data
As some a priori key factors had missing data (baseline resistance to DAAs, IL28B genotype,
AST and the related FIB-4), these were multiply imputed separately in each duration

comparison group using chained equations, with the uncertainty of the power transformation
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in the fractional polynomial accounted for by the approximate Bayesian bootstrap (53).

Predictive mean matching with 10 donors was used to create 25 imputations.

2.3.3 Model selection processes: overview

Due to the large number of potential factors and the small sample size and number of events,
three methods were used to select models: backwards elimination, lasso and best subsets
regression. The backwards elimination process starts with a ‘full model’ (one that contains all
possible factors) and this model is refined by sequentially eliminating those factors that are the
least significant. The process continues until one model remains, with all factors below the
significance threshold. Lasso (least absolute shrinkage and selection operator) selects factors
for a model by penalising the log-likelihood function of the model using a penalty which is a
multiple (denoted A) of the sum of the absolute values of all coefficients in the model (54). The
model is selected as this penalisation shrinks the size of the coefficients of some factors to zero
—these factors are then excluded from the model. The size of the model can be chosen by
adjusting A: a larger A leads to smaller models. An adaptive lasso method uses multiple lassos,
each using cross-validation; after each lasso factors with zero coefficients are discarded and
factors with small coefficients are given penalty weights, which results in a smaller model than
for a single cross-validation model. For best subsets regression, all potential models of a
specific size are estimated and compared using a measure such as Akaike’s information criteria
(AIC). The best models of each size can then be compared, and an overall best model selected

using the same measure.

All three methods used logistic regression and obtained estimates of the risk difference and
95% confidence intervals for the marginal effects of each factor holding other factors constant
and averaging over all individuals. For the lasso model, risk differences were estimated from a
standard logistic regression using the factors selected by the lasso process, although the
standard errors from this method do not account for the extra variability generated by the
lasso process. This extra variability is introduced as the aim of the process is to find factors that
correlate with the outcome or with factors in the true model, not the true model itself. Other
methods, such as cross-fit partialing-out logistic regression which uses multiple lassos (55), can
be used to obtain odds ratios, however these are not easily compared to the estimates in the
backwards elimination and best subsets regression models as additional control factors may be

included in the lasso estimation models.

Risk differences for continuous factors were given for a 1/2 IQR unit increase. Interactions
between factors were not tested for parsimony given the sample size, other than between VUS

strategy and ribavirin randomisation.
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2.3.4 Model selection processes: backwards elimination

Factor selection for the backwards elimination model was using Stata’s mfp command. For
continuous factors this was initially limited to 1 degree of freedom, which forces a linear
association between the dependent and independent variables, but models with 2 degrees of
freedom, non-linear but monotonic associations, were also tested where these would
converge (binary factors are always chosen using 1 degree of freedom). Preliminary univariable
analyses indicated that all associations with continuous factors were linear and limiting the
degrees of freedom also ensured that the full multivariable model was able to achieve
convergence, which did not always occur allowing higher degrees of freedom. Factors were
retained in the model if p<0.157, which is equivalent to using AIC for factor selection. A higher
threshold was used as the small sample size limited the amount of power to find appropriate

factors.

The process was based initially on complete cases for all variables considered for inclusion;
given the small sample size, an additional forwards selection step was used in which the
factors not selected during the mfp process were then considered for inclusion in the model
based on complete cases only for selected variables which had a larger sample size. A model of
baseline factors was also built using multiply imputed data. The stability of the backwards
elimination models using complete cases was assessed by bootstrapping the sample and
model selection procedure 500 times and determining the proportion of models containing

each factor.

2.3.5 Model selection processes: lasso

For the lasso models, both the cross-validation and adaptive lasso methods were used to
select A. For cross-validation, 10 folds were used. The cross-validation method was sufficient
for the complete case data as it produced a model of comparable size to the backwards
elimination and best subsets regression models. For the multiply imputed data, lasso was
performed on the stacked multiply imputed data. Due to the size of the dataset, cross-
validation did not perform as well as for the complete cases and a large model was selected. In
this case, the adaptive lasso was preferred as it produced a smaller model comparable to the

other two methods.

2.3.6 Model selection processes: best subsets regression

For the best subsets regression model, due to limits on computational time, models of up to
size 10 were tested. For the complete cases (for all variables considered for inclusion), AIC was
used to determine both the best model of each size and the best model overall. For the
multiply imputed data, logistic regressions were run on the stacked dataset of all imputations.

Although AIC is not a good indicator of model performance between the models when
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observations are not independent, it was used to determine the best model of each size due to
the lack of other suitable methods. To determine the best overall model, the Wald p-value
using standard errors clustered on each participant was used. Starting from the smallest model
and increasing the model size by one covariate each time, the Wald p-value of the risk
difference of each new covariate that was added was estimated. The model such that adding

the new covariate had a p-value>0.157 was the one selected as the best overall model.

2.3.7 Model comparison and prediction estimation

The performance and goodness-of-fit of each model selected by the different approaches
above was analysed and compared using area under the ROC curves and deviance ratios,
respectively. A deviance ratio is calculated using (Dnui-D)/Dnut Where D is the deviance of the
model being assessed and Dny is the deviance when only a constant term is included in the
model; it is comparable to the R? from a linear model. The optimism of the backwards
elimination model, that is an estimate of how much the model selection procedure might lead
to over-optimistic predictions of performance, was tested by bootstrapping the data 100 times
and applying the selected model to each dataset to obtain an average area under the ROC
curve. The optimism was then the difference between this average and the value derived from
the original dataset. Patient-level predictions of the probability of achieving SVR12 from each
selected model were compared using a scatter matrix and using Bland-Altman plots.
Predictions were made from the final selected models of the probability of achieving cure

based on different participant characteristics and durations of DAA treatment.

All analyses were performed in Stata v16.1.

2.4 Results

In this section | have first described baseline demographics and missing data in the STOP-HCV-
1 trial as a whole. | then focused on assessing associations between cure and various factors
for the variable DAA treatment duration group using different methods of model selection
(backwards elimination logistic regression, lasso, best subsets regression), different
populations (complete cases, multiply imputed data) and different groups of variables
reflecting various clinical situations (baseline only, baseline plus on/end of treatment, baseline
excluding high cost tests). For each model selection process, a model of baseline factors based
on the complete cases and the multiply imputed data were developed. In the last section of
the variable treatment duration section, | have derived probabilities of SVR12 for specific
groups of patients and various treatment options from the best model. Finally, | assessed

associations between cure and baseline factors for those who received fixed DAA treatment
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duration, but due to the limited number of treatment failures no further work on this duration

has been included.

2.4.1 Baseline demographics and missing data

Baseline demographics were broadly similar between the two treatment groups (Table 2.1).
Overall, of those included in this analysis, 52 (29%) were female, median age was 46 (IQR 39,
53) years, 54 (32%) had IL28B genotype CC and 65 (37%) were coinfected with HIV. Median
baseline HCV viral load was 740973 (IQR 247972, 1872136) IU/ml, 160 (90%) were infected
with HCV genotype 1a, 23 (13%) had previously been unsuccessfully treated with interferon

and 22 (13%) had baseline resistance to their prescribed DAA regimen.
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Table 2.1: Baseline and on-treatment characteristics of the subset of participants included in analyses in this chapter

Variable duration

Variable duration: achieved

Variable duration: failed first-

Fixed duration

N=96 SVR12 line treatment N=80; 74 (93%)
N=46 (48%) N=50 (52%) achieved SVR

Randomised when variable strategy was VUS2 30 (31%) 22 (48%) 8 (16%) 28 (35%)
Randomised to receive ribavirin 47 (49%) 25 (54%) 22 (44%) 39 (49%)
Treated using 95 (99%) 45 (98%) 50 (100%) 79 (99%)
dasabuvir/ombitasvir/paritaprevir/ritonavir
Treated using glecaprevir/pibrentasvir 1(1%) 1(2%) 0 1(1%)
Baseline (pre-treatment) factors
Age (years) 45 (38, 52) 42 (37, 48) 48 (37, 54) 47 (38, 54)
Female 28 (29%) 14 (30%) 14 (28%) 24 (30%)
BMI (kg/m?) 25 (23, 27) 25 (23, 27) 25 (22, 26) 25 (22, 28)
Baseline HCV viral load (IU/ml) 801533 570000 936633 569249

(270188, 1550000)

(80000, 1148154)

(575440, 1949845)

(211613, 2264795)

Baseline HCV viral load (logio 1U/ml)

5.90 (5.43, 6.19)

5.74 (4.90, 6.06)

5.97 (5.76, 6.29)

5.76 (5.33, 6.36)

HCV genotype
1a 80 (82%) 36 (78%) 44 (88%) 80 (100%)
1b 16 (17%) 10 (22%) 6 (12%) 0
IL28B genotype
CcC 31 (33%) 18 (41%) 13 (27%) 23 (30%)
CTorTT 62 (67%) 26 (59%) 36 (73%) 53 (70%)
Fibroscan score (kPa) 5.0(4.2,5.9) 5.3(4.2,5.9) 4.7 (4.2,5.9) 4.8(4.1,5.3)
HIV coinfected 31 (32%) 14 (30%) 17 (34%) 34 (43%)
Baseline resistance to prescribed DAA regimen 10 (11%) 2 (5%) 8 (17%) 12 (16%)
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Variable duration

Variable duration: achieved

Variable duration: failed first-

Fixed duration

N=96 SVR12 line treatment N=80; 74 (93%)
N=46 (48%) N=50 (52%) achieved SVR

Previously unsuccessfully treated with 12 (13%) 2 (4%) 10 (20%) 11 (14%)
interferon
ALT (U/1) 50 (34, 90) 55 (31, 102) 47 (34, 75) 54 (34, 90)
AST (U/1) 39 (29, 57) 40 (30, 58) 38 (28, 53) 41 (31, 58)
ALP (U/1) 71 (59, 87) 72 (58, 96) 69 (61, 81) 74 (60, 91)
Albumin (g/1) 44 (42, 47) 44 (42, 47) 44 (42, 47) 45 (41, 47)
Bilirubin (umol/l) 8 (6, 11) 9 (6, 13) 8 (6, 10) 8 (6, 12)
Creatinine (umol/l) 74 (67, 84) 74 (67, 82) 74 (64, 86) 75 (65, 87)
FIB-4* 0.97 (0.77, 1.36) 0.87 (0.69, 1.23) 1.04 (0.85, 1.36) 1.02 (0.81, 1.51)
Current depression 22 (23%) 12 (26%) 10 (20%) 14 (18%)
Current illicit substance abuse 11 (11%) 2 (4%) 9 (18%) 14 (18%)
On-treatment factors
HCV VL <LLOQ at D7 17 (18%) 12 (27%) 5 (10%) 20 (25%)
HCV VL <LLOQ at D14 40 (43%) 25 (57%) 15 (31%) 40 (51%)
HCV VL <LLOQ at D28 78 (84%) 41 (89%) 37 (79%) 59 (75%)
Finished treatment 22 days early** 4 (4%) 1(2%) 3 (6%) 0
Missed any dose 23 (24%) 10 (22%) 13 (26%) 25 (31%)
Absolute decline in HCV VL to D3 (logio IU/ml) 3.42 (3.04, 3.81) 3.23(2.72,3.72) 3.51(3.24, 3.84) 3.44 (3.09, 3.84)
Relative decline in HCV VL to D3 (%) 59 (54, 65) 60 (53, 65) 58 (54, 62) 59 (51, 66)
Absolute decline in HCV VL to D7 (logio IU/ml) 3.93 (3.55, 4.36) 3.74 (3.03, 4.24) 4.13 (3.66, 4.38) 3.91(3.43,4.48)
Relative decline in HCV VL to D7 (%) 68 (62, 74) 70 (62, 73) 67 (62, 74) 68 (60, 77)
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Variable duration
N=96

Variable duration: achieved
SVR12
N=46 (48%)

Variable duration: failed first-
line treatment
N=50 (52%)

Fixed duration
N=80; 74 (93%)
achieved SVR

Absolute decline in HCV VL to D14 (logio IU/ml) 4.36 (3.97, 4.86)

4.22 (3.41, 4.85)

4.45 (4.13, 4.86)

4.32(3.69, 4.77)

Relative decline in HCV VL to D14 (%) 76 (71, 80) 76 (71, 79) 75 (71, 80) 76 (66, 80)

ALT at EOT (U/1) 19 (14, 23) 20 (16, 26) 17 (14, 22) 17 (12, 20)

AST at EOT (U/1) 21 (18, 26) 21 (19, 26) 20 (17, 26) 20 (17, 24)

ALP at EOT (U/I 73 (61, 88) 78 (61, 90) 71 (61, 87) 79 (67, 99)
Albumin at EOT (g/I) 45 (42, 46) 45 (41, 46) 45 (42, 47) 45 (41, 47)
Bilirubin at EOT (umol/) 10 (7, 15) 11 (7, 15) 10 (6, 14) 9 (6, 15)
Creatinine at EOT (umol/l) 75 (65, 84) 74 (65, 83) 75 (65, 85) 77 (66, 92)
FIB-4* at EOT 0.90 (0.65, 1.16) 0.83 (0.63, 1.11) 0.97 (0.74, 1.23) 0.91 (0.64, 1.31)

*Fibrosis-4 index (calculated as age*AST/(platelets*ALTY?) (56)

**Two participants stopped treatment 2 days early (38/40 and 39/41 days), one stopped three days early (28/31) and one stopped four days early (28/32 days).

Note: n (%) or median (interquartile range). In total, 7 participants had a missing IL28B genotype, 12 missing baseline resistance, 20 missing baseline AST and FIB-4, 9 missing D3
HCV VL, 3 missing D7 HCV VL, 4 missing D14 HCV VL, 4 missing D28 HCV VL, 1 missing EOT ALT and ALP, 19 missing EOT AST, 2 missing EOT bilirubin and albumin, 1 missing EOT
creatinine, 21 missing EOT FIB-4. For the absolute and relative declines in VL, values <LLOQ are treated as equal to LLOQ (LLOQ varies by site and dilution, butis 12 or 15 IU/ml in

most cases).
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Of the baseline factors considered in this analysis, four had missing data: IL28B (4% missing),
baseline resistance associated substitutions (RAS) (6%), baseline AST and therefore baseline
FIB-4 (both 10%) (Figure 2.1). In the variable duration group, no participant had all of these
factors missing, only two had both AST and either IL28B or RAS missing, and no participant had
both IL28B and RAS missing (Figure 2.2). This was similar in the fixed duration group, with one
participant missing both IL28B and RAS data (Figure 2.3).
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Figure 2.1: Percentage of missing data in key factors
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Figure 2.3: Patterns of missing data in fixed duration group
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2.4.2 Associations with SVR12 using a variable DAA treatment duration: baseline factors

identified using a backwards elimination process

2.4.2.1 \Variable duration DAAs: baseline model restricted to complete cases

The complete case analysis included 87/96 (91%) participants. HCV genotype 1b, IL28B
genotype CC, no baseline resistance to prescribed DAA, no current illicit substance abuse, low
baseline HCV VL and low baseline bilirubin were independently associated with SVR12 after
adjustment for ribavirin randomisation and VUS treatment strategy as well as these factors
(Table 2.2). Although backwards elimination was based on AIC, all factors were significant
based on the conventional level of 5%, other than IL28B genotype (p=0.09). Previous
unsuccessful treatment with PEG-IFN = ribavirin was marginally associated with lower SVR12 in
the model partially adjusted for ribavirin randomisation and VUS strategy only (p=0.09), but
not in the fully adjusted model (p=0.89). There was a highly significant effect of baseline HCV
VL, with SVR12 11% lower (95% Cl -15%, -7%; p<0.0001) per 0.4 logio higher VL (half the width
of the interquartile range). However, other categorical factors had much larger effects. Those
infected with HCV genotype 1b had a 35% higher SVR12 (95% Cl 18%, 51%; p<0.001) compared
with HCV genotype 1a and those with IL28B genotype CC a 13% higher SVR12 (95% Cl -2%,
18%; p=0.09) than those with CT or TT. The presence of any resistance mutation to prescribed
DAAs lowered the cure rate by 37% (95% Cl -57%, -17%; p<0.001). Participants who reported
current illicit substance abuse at randomisation into the trial were 28% less likely (95% Cl -53%,
-4%; p=0.02) to achieve SVR12 than those who did not. While most factors had a large effect
on cure rate, baseline bilirubin had a smaller effect and for each 2.5 umol/I higher bilirubin
(half the width of the interquartile range), SVR12 was 6% higher (95% Cl 0.5%, 11%,; p=0.03).
Of note, this effect was about half the size of the effect of baseline HCV VL. Within these
participants a higher bilirubin was associated with increased SVR12, which is unexpected, but
all bilirubin results were within the normal range (<21 umol/l) so this result may not hold with

truly higher bilirubin results.

Those who received VUS2 (mean (SD) 39.8 (5.6) days DAAs) had a significantly higher cure rate
than those who received VUS1 (mean (SD) 32.5 (4.1) days DAAs) with a 48% higher SVR12 (95%

Cl 35%, 61%; p<0.0001) after adjusting for the ribavirin randomisation and all other factors.

Although ribavirin randomisation was included in the model, there was no evidence of a
difference in cure rates between those randomised to receive ribavirin and those who were
not. This was the case for both the partially adjusted (adjusting only for VUS strategy) and fully
adjusted models (p=0.23 and p=0.11, respectively) although there was slightly more evidence

for an effect in the fully adjusted model. The fully adjusted effect was relatively modest and
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equal to the partially adjusted effect (11% (95% Cl -3%, 25%)). There was no evidence of

interaction between ribavirin and VUS strategy (p=0.80).

Table 2.2: Variable duration model estimates using complete cases and backwards

elimination to determine associated factors for SVR12 (N=87)

Partially adjusted p-value Fully adjusted RD p-value

RD (95% CI) (95% C1)
Randomised to receive 11% (-7%, 30%) 0.23 11% (-3%, 25%) 0.11
ribavirin
VUS strategy: VUS2 vs VUS1  37% (18%, 57%) <0.001 48% (35%, 61%) <0.001
HCV Genotype: 1b vs 1a 26% (4%, 49%) 0.02 35% (18%, 51%) <0.001
IL28B Genotype: CCvs CT/TT  19% (-1%, 38%) 0.06 13% (-2%, 18%) 0.09
Baseline DAA resistance -28% (-55%, -1%) 0.04 -37% (-57%, -17%)  <0.001
Current substance abuse -28% (-56%, -0.1%)  0.05 -28% (-53%, -4%) 0.02
Baseline HCV viral load -10% (-15%, -6%) <0.001  -11% (-15%, -7%) <0.001
(per 0.4 logio IU/ml higher)
Bilirubin 6% (-0.3%, 12%) 0.06 6% (0.5%, 11%) 0.03
(per 2.5 umol/I higher)
Previous unsuccessful -26% (-55%, 4%) 0.09 - -
treatment
Age (per 6.5 years older) -4% (-10%, 1%) 0.13 - -
Female 9% (-12%, 29%) 0.37 - -
BMI (per 2 kg/m? higher) 2% (-3%, 7%) 0.36 - -
Fibroscan score (per 0.9 kPa 3% (-5%, 11%) 0.51 - -
higher)
HIV positive -12% (-32%, 7%) 0.22 - -
ALT (per 28 1U/I higher) 1% (-3%, 5%) 0.49 - -
AST (per 14 1U/I higher) 2% (-2%, 7%) 0.31 - -
ALP (per 14 1U/ higher) 5% (-1%, 11%) 0.13 - -
Albumin (per 2.5 g/l higher) 3% (-4%, 9%) 0.43 - -
Creatinine (per 9 umol/| -3% (-9%, 4%) 0.44 - -
higher)
FIB-4 (per 0.3 higher) -1% (-6%, 7%) 0.83 - -
Current depression 3% (-19%, 26%) 0.78 - -

Note: partially adjusted models adjusted for ribavirin and VUS strategy only. All estimates are averaging
over all individuals in the model. RD: risk difference.
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There was no evidence that the fully adjusted model was poorly calibrated to the data
(Hosmer-Lemeshow p=0.84). The model had high discrimination with an area under the ROC
curve of 0.93 (95% Cl 0.88, 0.98) (Figure 2.4). There was no optimism in the fully adjusted
model: the median bootstrapped area under the ROC curve was 0.95 (IQR 0.87, 0.99) and the
mean difference in area under the ROC curves between the fully adjusted model and the
bootstrapped models was 0.01 (SD 0.03). However, this difference was highly significant (one

sample t-test that the difference is zero: p<0.001).
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Figure 2.4: ROC curve for predictions from the variable duration model restricted to

complete cases

The most common factor selected in the bootstrap models was HCV VL, which was selected in
50% of models (Figure 2.5). The two next most commonly selected factors in the bootstrap
models, bilirubin (47% of bootstrap models) and current substance abuse (47%) were also
selected for the baseline model on complete cases. However, the remaining factors were
selected in a small number of bootstrap models: HCV genotype was selected in 9% of
bootstrap models, IL28B in 16% of bootstrap models, and baseline DAA resistance in 17% of
bootstrap models. Fibroscan score, ALT, albumin, creatinine and FIB-4 were all selected in
>40% of bootstrap models, and several other factors in 30-40% of bootstrap models, but not in

the baseline model suggesting that there was no clear discrimination in associated factors.
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Figure 2.5: Factor selection in variable duration bootstrap models

Note: all models were required to include VUS strategy and ribavirin. Red bars denote factors selected in
the baseline model, and blue bars factors considered but not selected.

2.4.2.2 Variable duration DAAs: models considering on-treatment factors in addition to the
baseline model restricted to complete cases
None of the on-treatment factors tested met the criteria for inclusion into the model, with all
p>0.16. The factors tested were suppression at D7, D14, and D28, relative and absolute
declines in HCV VL from baseline to D3, D7 and D14, missing any dose, finishing treatment >2
days than allocated, and results of ALT, AST, ALP, bilirubin, albumin, creatinine and FIB-4 at
EOT. The on-treatment factors with the strongest evidence for association with SVYR12 were
missing any DAA dose (p=0.17), and both the relative and absolute decline in HCV VL from
randomisation to day 3 (both p=0.18).

2.4.2.3 Variable duration DAAs: models only considering subsets of baseline factors
restricted to complete cases

Restricting the available baseline factors for selection to those that would be most readily

available at the point a patient started treatment in resource limited settings did not lead to a

change in factor selection in the remaining factors offered for inclusion in the model (Table

2.3). In both models, the effect of VUS2 was slightly smaller than for the original model,

decreasing by 3-4%, whereas the effect of current substance abuse was stronger, increasing by
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2-5%. The effect of baseline HCV VL and bilirubin was similar. In the model that included HCV

genotype, the effect of being infected with genotype 1b compared to 1a was a lot weaker,

decreasing by 13%. As expected, since the excluded factors were strongly associated with

SVR12, the discrimination of both of the restricted models was lower than the original model,

although still fairly high at 0.88 and 0.86.

Table 2.3: Variable duration model estimates based on the restricted set of baseline factors

(N=96)
Adjusted RD p-value Adjusted RD p-value
without without
considering IL28B considering 1L28B,
or DAA resistance DAA resistance or
(95% Cl) HCV genotype
(95% ClI)
Randomised to receive 11% (-4%, 26%) 0.15 8% (-7%, 24%) 0.30
ribavirin
VUS strategy: VUS2 vs 45% (32%, 59%) <0.001  44% (29%, 58%) <0.001
VUs1
Genotype: 1bvs 1a 22% (3%, 40%) 0.03 - -
Current substance abuse  -30% (-53%, -8%) 0.008 -33% (-54%, -12%) 0.002
Baseline HCV viral load -11% (-15%, -7%) <0.001  -11% (-15%, -8%) <0.001
(per 0.4 logio IU/ml
higher)
Baseline bilirubin 7% (1%, 12%) 0.02 7% (1%, 12%) 0.01

(per 2.5 umol/I higher)

AUROC (95% Cl)

0.88 (0.81, 0.95)

0.86 (0.78, 0.93)

RD: risk difference. AUROC: area under the ROC curve.

2.4.2.4 Variable duration DAAs: baseline model using multiply imputed data

After multiply imputing the missing data, baseline Fibroscan score was selected for the model

instead of bilirubin, even though the Spearman correlation between these two factors was low

(rho=0.11). Although Fibroscan score was associated with SVR12 in the fully adjusted multiply

imputed model (p=0.07), it was not in the partially adjusted model (p=0.51) — however, it was

selected in 40% of bootstrap models based on complete cases (Figure 2.5). The presence of

HCV VL in the model strengthened the evidence of the association between Fibroscan score
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and SVR12 (Fibroscan score p=0.37 when HCV VL excluded from the model; Spearman’s rho
between HCV VL and Fibroscan 0.07). Other selected factors were the same as for the model
based on complete cases, but as two of the imputed factors were included in the model, some

estimates changed slightly (Table 2.4).

Table 2.4: Variable duration model estimates using multiply imputed data and backwards

elimination (N=96)

Partially adjusted p-value Fully adjusted RD p-value

RD (95% CI) (95% CI1)
Randomised to receive 11% (-7%, 30%) 0.23 11% (-4%,25%) 0.16
ribavirin
VUS strategy: VUS2 vs 37% (18%, 57%) <0.001  42% (28%, 56%) <0.001
VUS1
Genotype: 1b vs 1a 26% (4%, 49%) 0.02 28% (12%, 45%) 0.001
IL28B: CC vs CT/TT 18% (-2%, 38%) 0.07 15% (-0.1%, 30%) 0.05
Baseline resistance to -27% (-56%, 2%) 0.06 -40% (-58%, -22%)  <0.001
DAAs
Current substance abuse -28% (-56%, -0.1%)  0.05 -26% (-53%, -0.4%) 0.05
Baseline HCV viral load -26% (-37%, -15%)  <0.001  -11% (-15%, -1%) <0.001
(per 0.4 logio IU/ml
higher)
Fibroscan score (per 0.9 3% (-5%, 11%) 0.51 6% (-1%, 12%) 0.07
kPa higher)
AST (per 14 1U/I higher) 2% (-3%, 7%) 0.37 - -
FIB-4 (per 0.3 higher) 0% (-6%, 6%) 0.99 - -

Note: partially adjusted models adjusted for ribavirin and VUS strategy. All estimates are averaging over
all over factors in the model. Only factors that have been imputed or included in the adjusted model
included here, see Table 2.2 for estimates from partially adjusted models for other factors. RD: risk
difference.

The greatest change in the estimates of association of the factors between the complete case
and multiply imputed models was in the effect of HCV genotype; this decreased by 7% so now
those with HCV genotype 1b had a 28% higher SVR12 (95% Cl 12%, 45%) compared to 35%
higher in the complete cases. The effect of VUS2 differed by 6% in the point estimate,
decreasing from 48% in the complete case model to 42% (95% Cl 28%, 56%) in the multiply
imputed model. Current substance abuse, IL28B genotype and baseline resistance all had
slightly different estimates (-26% vs -28%, 15% vs 13%, and -40% vs -37% respectively), while

the effect of baseline HCV VL remained the same.
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All factors were still significant at the p<0.05 level, but the evidence supporting effects of IL28B
genotype strengthened (p=0.05 vs 0.09 in complete cases) and of current substance abuse

weakened (p=0.05 vs p=0.03).

2.4.3 Variable duration DAA models: identifying factors using other methods for model

selection

2.4.3.1 Variable duration models: lasso using complete cases

The model selected when using cross-validation was similar to that from backwards
elimination, except ALP replaced baseline resistance to DAAs (ALP was selected in 35% of
bootstrap models for complete cases vs baseline resistance in 17%, Figure 2.5). The model
selected using adaptive lasso was smaller, as expected due to the process of selecting factors,
and contained only HCV genotype, HCV VL and bilirubin in addition to ribavirin randomisation
and VUS strategy (forced into the model by design). Table 2.5 shows the lasso coefficients from
both models. Estimates from the two models were similar, apart from those for VUS strategy
and bilirubin so any predictions of SVR12 from the adaptive lasso model will be affected by

these factors much more than predictions from the cross-validation model.

Neither lasso model fitted the data as well as the backwards elimination model as their
deviance ratios were smaller than that from the backwards elimination model (0.37 and 0.32
for the cross-validation and adaptive cross-validation models respectively vs 0.57 for the
backwards elimination model on complete cases). Both models also had lower discrimination
than the backwards elimination model with areas under the ROC curve of 0.89 (95% Cl 0.82,
0.96) and 0.85 (95% CI 0.77, 0.93) for the cross-validation and adaptive cross-validation

methods respectively.

2.4.3.2 Variable duration models: lasso using multiply imputed data

Using multiple imputation, both lasso models contained more factors than those restricted to
the complete cases due to the larger sample size provided by the stacked data (Table 2.6). In
addition to the factors selected with the complete cases (Table 2.5), the cross-validation
method selected DAA resistance, albumin, creatinine, Fibroscan score and FIB-4; the adaptive
cross-validation model additionally selected IL28B, current substance abuse and DAA
resistance. The model selected by adaptive lasso is the same as that selected with backwards
elimination on the multiply imputed data. Of the factors selected in both the complete cases
and the multiply imputed data by lasso, the effects of VUS strategy and bilirubin vary the most

— both within and between the datasets.
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Table 2.5: Lasso variable duration model estimates using complete cases (N=93)

Cross-validation

Adaptive lasso

Lasso Adjusted RD (95% Cl)  p-value Lasso Adjusted RD (95% Cl)  p-value
coefficients coefficients
Randomised to receive ribavirin 1.32 14% (-2%, 29%) 0.09 1.43 12% (-3%, 28%) 0.12
VUS strategy: VUS2 vs VUS1 4.32 46% (33%, 59%) <0.001 6.05 47% (33%, 62%) <0.001
Genotype: 1b vs 1a 0.47 30% (12%, 48%) 0.001 0.34 25% (6%, 44%) 0.01
IL28B: CCvs CT/TT 0.89 13% (-3%, 29%) 0.11 - - -
Current substance abuse 1.12 -25% (-50%, 0%) 0.052 - - -
Baseline HCV VL (per 0.4 logio IU/ml 0.68 -11% (-15%, -7%) <0.001 0.56 -10% (-14%, 7%) 0.02
higher)
Bilirubin (per 2.5 umol/I higher) 2.55 6% (1%, 12%) 0.03 4.67 7% (1%, 12%) 0.02
ALP (per 14 U/1) 2.64 0.2% (-6%, 6%) 0.95 - - -

Note: The lasso coefficients are exponentials of the original coefficients. All estimates are averaging over all over factors in the model. RD: risk difference.
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Table 2.6: Lasso variable duration model estimates using multiply imputed data (N=97)

Cross-validation Adaptive lasso

Lasso Adjusted RD (95% Cl)  p-value  Lasso Adjusted RD (95% p-value

coefficients coefficients Cl)
Randomised to receive ribavirin 1.39 10% (-6%, 25%) 0.23 1.49 12% (-2%, 26%) 0.10
VUS strategy: VUS2 vs VUS1 2.98 45% (31%, 59%) <0.001 3.69 44% (30%, 57%) <0.001
Genotype: 1b vs 1a 0.66 24% (4%, 44%) 0.02 0.53 27% (10%, 44%) 0.002
IL28B: CC vs CT/TT 0.85 11% (7%, 29%) 0.22 0.76 11% (-5%, 28%) 0.17
Current substance abuse 1.24 -26% (-52%, 0%) 0.053 1.38 -27% (-53%, 2%) 0.04
Baseline DAA resistance 1.53 -41% (-59%, -22%) <0.001 2.07 -37% (-56%, 18%) <0.001
Baseline HCV VL (per 0.4 logo IU/ml 0.66 -11% (-14%, -6%) <0.001 0.55 -11% (-14%, 7%) <0.001
higher)
Bilirubin (per 2.5 umol/I higher) 1.88 4% (-1%, 10%) 0.12 2.50 5% (-1%, 10%) 0.08
ALP (per 14 U/I higher) 1.50 2% (-4%, 8%) 0.51 - - -
Albumin (per 2.5 g/l higher) 2.57 4% (-2%, 9%) 0.20 - - -
Creatinine (per 9 pmol/I higher) 0.66 -4% (-9%, 2%) 0.18 - - -
Fibroscan score (per 0.9 kPa higher) 1.05 4% (-2%, 10%) 0.17 - - -
FIB-4 (per 0.3 higher) 1.01 1% (-4%, 7%) 0.60 - - -

Note: The lasso coefficients are exponentials of the original coefficients. All estimates are averaging over all over factors in the model. RD: risk difference. Shading shows
differences with the lasso models on complete cases.
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2.4.3.3 Variable duration models: best subsets regression

In the complete cases, the model with the lowest AIC overall had 7 extra factors in addition to
ribavirin and VUS strategy (53.88): no model larger than this had a smaller AIC (Table 2.7). The
factors in this model were HCV VL, HCV genotype, bilirubin, IL28B genotype, current substance

abuse, age and current depression.

The largest model such that no model containing one extra covariate led to a statistically
significant decrease in AIC (-3.84) was the model containing 5 extra covariates; the difference
in AIC between the best model containing 5 covariates (55.75) and the best model containing 6
covariates (54.78) was +1.63. This model, the one on which the rest of the analysis will focus,
contained HCV VL, HCV genotype, IL28B genotype, current substance abuse, and bilirubin. This
model differed from the backwards elimination model only in that it did not include resistance
to DAAs. Resistance to DAAs was not selected in any of the best models of any size using

complete cases.

Although the model selected using best subsets regression did not contain baseline resistance
to prescribed DAAs, which had a strong effect in the model selected using backwards
elimination (risk difference -37%), the estimates of the other factors in the model were similar
(Table 2.8). The estimates for the effect of IL28B, baseline HCV VL and bilirubin were exactly
the same to the nearest percentage, though there was slightly less evidence for the association
with IL28B (p=0.11 vs 0.09). The largest difference in estimates was for the effect of HCV

genotype which decreased from 35% to 30% in the best subsets regression model.

Both the deviance ratio (0.45 vs 0.57) and the area under the ROC curve (0.90 (95% ClI 0.84,
0.96) vs 0.93) were lower than for the model selected by backwards elimination. However,

both measures were higher than for the models chosen by lasso.

The models selected by best subsets regression using the multiply imputed data are also
shown in Table 2.7. For models including 1-5 factors in addition to ribavirin and VUS strategy,
the Wald p-value of the new factor added to increase the size of the best model was p<0.157.
The factor that increased the size of the model from 6 to 7 factors was current depression; its
Wald p-value when added to the best-fitting model with 6 factors (which happened to be
nested) was p=0.16. This suggested that the optimal model from best subsets regression for
the multiply imputed data was the model containing HCV VL, HCV genotype, baseline
resistance to prescribed DAAs, IL28B genotype, Fibroscan score and current substance abuse.
This was the same model as created with backwards elimination on multiply imputed data

(Table 2.4).
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Table 2.7: Best performing models as defined by lowest AIC of each subset of models containing up to 10 extra factors

Number Complete cases for all factors only (N=79)

Multiply imputed data (N=97)

of

factors in Factors in best model in addition to ribavirin and VUS AIC  Factors in best model in addition to ribavirin and VUS AIC p-value
model strategy strategy of next
variable*
1 HCV VL 80.85 HCV VL 2382.41 0.008
2 HCV VL, HCV genotype 65.95 HCV VL, HCV genotype 2220.44 <0.001
3 HCV VL, HCV genotype, bilirubin 60.91 HCV VL, HCV genotype, RAS 1994.53 0.03
4 HCV VL, HCV genotype, bilirubin, IL28B 57.38 HCV VL, HCV genotype, RAS, 1L28B 1841.64 0.08
5 HCV VL, HCV genotype, bilirubin, IL28B, substance abuse 55.75 HCV VL, HCV genotype, RAS, IL28B, Fibroscan score 1715.87 0.06
6 HCV VL, HCV genotype, bilirubin, IL28B, substance abuse, 54.78 HCV VL, HCV genotype, RAS, IL28B, Fibroscan score, 1647.42 0.16
age substance abuse
7 HCV VL, HCV genotype, bilirubin, IL28B, substance abuse, 53.88 HCV VL, HCV genotype, RAS, IL28B, Fibroscan score, 1580.62 0.30
age, depression substance abuse, depression
8 - - HCV VL, HCV genotype, RAS, IL28B, Fibroscan score, 1530.30 0.15
substance abuse, depression, albumin
9 - - HCV VL, HCV genotype, RAS, IL28B, Fibroscan score, 1490.57 0.16
substance abuse, depression, albumin, FIB-4
10 - - HCV VL, HCV genotype, RAS, IL28B, Fibroscan score, 1460.74 -

substance abuse, depression, albumin, FIB-4, previous

unsuccessful treatment

*Wald p-value of the risk difference of the additional factor in the next largest model: used to discriminate between models instead of AIC as the observations not independent.
Note: In the complete case model, no model containing 8 extra factors or more improved on the model with 7 factors. RAS: resistance associated substitution (i.e. baseline
resistance to DAAs). Shading indicates variables which are in one model or the other but not both models using complete cases and multiply imputed data when comparing

models containing the same number of variables.
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Table 2.8: Variable duration model estimates using complete cases and best subsets

regression (N=93)

Adjusted RD p-value

(95% Cl)
Randomised to receive ribavirin 14% (-1%, 28%) 0.07
VUS strategy: VUS2 vs VUS1 46% (33%, 59%) <0.001
Genotype: 1b vs 1a 30% (13%, 48%) <0.001
IL28B: CCvs CT/TT 13% (-3%, 29%) 0.11
Current substance abuse -25% (-49%, 0.1%) 0.05
Baseline HCV viral load (per 0.4 logio IU/ml higher) -11% (-15%, -7%) <0.001
Bilirubin (per 2.5 umol/I higher) 6% (1%, 11%) 0.03

Note: All estimates are averaging over all factors in the model. RD: risk difference.

2.4.3.4 Further comparison of models

A summary of the factors selected in each model building process for both complete cases and
multiply imputed data is provided in Table 2.9. All complete case models contained HCV
genotype, IL28B genotype, baseline HCV VL, baseline bilirubin and current substance abuse.
Additionally, the backwards elimination model contained baseline resistance to prescribed
DAAs and the lasso model contained ALP. For the multiply imputed data, all models contained
baseline HCV VL, HCV genotype, IL28B genotype, baseline resistance to prescribed DAAs and
current substance abuse. Fibroscan score was additionally selected in the backwards
elimination and best subsets regression models and bilirubin was selected in the lasso model

(Spearman’s rho between Fibroscan score and bilirubin 0.11).
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Table 2.9: Summary of factor selection for each model selection process

Factors selected using complete cases Factors selected using multiply imputed data
Backwards Lasso Best subsets Backwards Lasso Best subsets
elimination regression elimination regression
Baseline HCV VL v v v v v v
Genotype: 1b vs 1a v v v v v v
IL28B: CC vs CT/TT v v v v v v
Baseline resistance to DAAs v v v v
Current substance abuse v v v 4 v v
Bilirubin v 4 v v
ALP 4
Fibroscan score v v
AUROC (95% CI) 0.93 (0.88, 0.98) 0.89 (0.82, 0.96) 0.90 (0.84, 0.96) 0.92 (0.86, 0.98) 0.91 (0.86, 0.97) 0.92 (0.86, 0.98)
Location of results Table 2.2 Table 2.5 Table 2.8 Table 2.4 Table 2.6 Table 2.4

Note: For the complete cases, the method used for the lasso model was cross-validation. For the multiply imputed data, the method used was adaptive cross-validation. Adaptive
cross-validation lasso was used for the multiply imputed data to account for the large, stacked dataset.
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Figure 2.6: Distribution of predicted probabilities of SVR12 from each model using complete
cases only (a) backwards elimination model, (b) lasso model, (c) best subsets regression
model

Note: backwards elimination model is best subsets regression model plus baseline resistance to DAAs;
lasso is best subsets regression model plus ALP, see Table 2.9.

In each model the predicted probabilities of cure tended to be either very high or very low
(Figure 2.6). For the backwards elimination and best subset regression models, 58% and 56%,
respectively, of participants had a predicted probability of SVR12 of either <10% or >90%; for
the lasso model this was only 19%, however 55% had a predicted probability of either <20% or
>80%.

Between the models, there was high positive correlation between their participant-level
predicted probabilities of SVR12 (Figure 2.7). The Spearman rank correlation coefficient
between the backwards elimination and lasso models was 0.94; between the backwards
elimination and best subsets regression models 0.97; between the lasso and best subsets
regression models 0.95. There were two clear discrepancies between the backwards
elimination model (in which probability of SVR12<0.9) and the best subsets regression model
(probability of SVR12>0.9): one of these was a participant who achieved SVR12 with HCV

genotype 1a, IL28B genotype CT and reported current substance abuse; the other participant
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did not achieve SVR12 despite receiving VUS2 and no baseline resistance to DAAs (other

factors were as expected for their SVR12 status for both participants).
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Figure 2.7: Comparison of predicted probability of SVR12 from each model using complete

cases only

The predictions of SVR12 from each complete case model were also compared in Figure 2.8-
Figure 2.10 using Bland-Altman plots. The observed mean difference between the predicted
probabilities of SVR12 between each pair of models was 0, but there was variability between
their 95% limits of agreement. The closest agreement was between the backwards elimination
and best subsets regression models, with 95% limits of agreement of (-0.143, 0.144), whereas
these were (-0.280, 0.284) and (-0.249, 0.246) for the comparison between the lasso model
and the backwards elimination and best subset regression models respectively. All
comparisons of the predictions of SVR12 show that the agreement between the models is

strongest at the lowest and highest probabilities of SVR12.
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Figure 2.8: Bland-Altman plot comparing SVR12 prediction between backwards elimination
and lasso models

BE: backwards elimination model.
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Figure 2.9: Bland-Altman plot comparing SVR12 prediction between backwards elimination and best
subsets models

BE: backwards elimination model; BSS: best subsets regression model.
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Figure 2.10: Bland-Altman plot comparing SVR12 prediction between lasso and best subset

models

BSS: best subsets regression model.

2.4.4 Predictions of SVR12 using a variable DAA treatment duration from the model
selected by backwards elimination
Predictions of cure were taken from the backwards elimination model, for both the complete
cases and the multiply imputed data, as this model performed better than the lasso and best
subsets regression models by having the highest area under the ROC curve and therefore the
greatest ability to discriminate between those who did and did not achieve SVR12 under the
variable duration treatment. Predicted probability of SVR12 for new patients with a range of
characteristics from the complete case model are displayed in Figure 2.11-Figure 2.14 and
Table 2.10-Table 2.11; predictions from the multiply imputed data model are displayed in
Figure 2.15-Figure 2.18 and Table 2.12-Table 2.13. Given the relatively small magnitude of the
effect of bilirubin, all predictions using the complete case data were made at the mean
bilirubin for the participants in the model (9 umol/l). For the multiply imputed data,

predictions were made at the mean Fibroscan score for participants in the model (5.0 kPa).

2.4.4.1 Predictions from the complete case model

Patients infected with HCV genotype 1a, who do not have resistance to prescribed DAAs and

have no current substance abuse have the biggest difference between the probabilities of cure

between VUS1 and VUS2 (Figure 2.11, Figure 2.12). For those with IL28B genotype CT/TT, the
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probability of cure without (and with) ribavirin decreases from 97% (99%) with screening VL of
100,000 IU/ml to 42% (66%) at 4,000,000 IU/ml for those taking VUS2 and from 37% (60%) to
1% (3%) for those taking VUS1 over the same VL range (although the decline in cure rates
occurs mostly above 500,000 IU/ml in VUS1).

Patients infected with HCV genotype 1b and who have no resistance to prescribed DAAs and
no current substance abuse have an extremely high prediction of cure (>95%) for all baseline
HCV VL if treated with VUS2, with or without ribavirin (Figure 2.13, Figure 2.14). When treated
with VUS1, the prediction of cure is similarly high for those with the lowest baseline HCV VL,
but decreases quickly as HCV VL increases in those with IL28B genotype CT/TT to <77% for
treatment with or without ribavirin for VLs >1,000,000 IU/ml. The probability of cure for those
with genotype CC decreases more slowly as HCV VL increases, but is still <80% at 1,000,000
IU/ml if treated without ribavirin or 2,500,000 IU/ml if treated with ribavirin.

For patients infected with HCV genotype 1b who have baseline resistance to prescribed DAAs,
but no current substance abuse, there is also a very large increase in predicted SVR12 rate
between VUS1 and VUS2, with the largest difference in those with IL28B genotype CC. For
those with IL28B genotype CC, the probability of cure without (and with) ribavirin decreases
from 99% (>99%) at 100,000 IU/ml to 60% (80%) at 4,000,000 IU/ml for those taking VUS2 and
from 54% (76%) to 2% (7%) for those taking VUS1 over the same VL range.

Participants with resistance to DAAs and current substance abuse have a very low probability
of cure for most baseline HCV VLs, regardless of treatment strategy used, HCV genotype or
IL28B genotype. For participants with HCV genotype 1b and HCV VL in the range 100,000-
500,000 IU/ml, the probability of cure when using VUS2 is 64%-26% without ribavirin (83%-
48% with ribavirin) in patients with IL28B genotype CT/TT and 85%-51% (94%-74%) in patients
with CC.
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Figure 2.11: Predicted probability of SVR12 for patients with HCV genotype 1a and IL28B
genotype CT/TT (complete cases)

Note: For Figure 2.11-Figure 2.18, the left y-axis is the probability of cure for a given baseline HCV VL,
the right x-axis is the number of participants with that baseline HCV VL and the relevant HCV genotype,
IL28B genotype, DAA resistance and current substance abuse.
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Figure 2.12: Predicted probability of SVR12 for patients with HCV genotype 1a and I1L28B
genotype CC (complete cases)
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Figure 2.13: Predicted probability of SVR12 for patients with HCV genotype 1b and IL28B
genotype CT/TT (complete cases)
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Figure 2.14: Predicted probability of SVR12 for patients with HCV genotype 1b and IL28B
genotype CC (complete cases)
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Table 2.10: Predicted probabilities of cure for those with HCV genotype 1a (complete cases)

Baseline Current Probability of cure with VUS strategy:

HCV VL 1L28B DAA substance VUS1 DAA VUS2 DAA

(1U/ml) genotype resistance abuse days VUS1+RBV VUS2+RBV
100,000 CT/TT No No 28 31 0.366 0.601 0.974 0.991
100,000 CT/TT No Yes 28 31 0.044 0.115 0.722 0.879
100,000 CT/TT Yes No 28 31 0.015 0.042 0.485 0.715
100,000 CT/TT Yes Yes 28 31 0.001 0.003 0.073 0.178
100,000 CC No No 28 31 0.632 0.825 0.992 0.997
100,000 CC No Yes 28 31 0.130 0.285 0.893 0.961
100,000 CC Yes No 28 31 0.048 0.126 0.741 0.890
100,000 CC Yes Yes 28 31 0.003 0.010 0.199 0.394
500,000 CT/TT No No 30 37 0.100 0.232 0.861 0.947
500,000 CT/TT No Yes 30 37 0.007 0.022 0.338 0.572
500,000 CT/TT Yes No 30 37 0.002 0.007 0.157 0.330
500,000 CT/TT Yes Yes 30 37 0.000 0.000 0.013 0.037
500,000 CC No No 30 37 0.256 0.472 0.954 0.984
500,000 CC No Yes 30 37 0.025 0.069 0.603 0.805
500,000 CC Yes No 30 37 0.008 0.024 0.359 0.595
500,000 CC Yes Yes 30 37 0.001 0.002 0.043 0.112

1,000,000 CT/TT No No 32 40 0.050 0.129 0.747 0.893

1,000,000 CT/TT No Yes 32 40 0.003 0.010 0.204 0.401

1,000,000 CT/TT Yes No 32 40 0.001 0.003 0.083 0.198

1,000,000 CT/TT Yes Yes 32 40 0.000 0.000 0.006 0.017

1,000,000 CC No No 32 40 0.145 0.310 0.906 0.966

1,000,000 CC No Yes 32 40 0.012 0.034 0.432 0.667
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Baseline Current Probability of cure with VUS strategy:

HCV VL IL28B DAA substance VUS1DAA  VUS2 DAA

(1U/ml) genotype resistance abuse days days VUS1 VUS1+RBV VUS2 VUS2+RBV
1,000,000 CC Yes No 32 40 0.004 0.011 0.219 0.424
1,000,000 CC Yes Yes 32 40 0.000 0.001 0.020 0.057
2,500,000 CT/TT No No 36 44 0.018 0.052 0.535 0.755
2,500,000 CT/TT No Yes 36 44 0.001 0.004 0.089 0.210
2,500,000 CT/TT Yes No 36 44 0.000 0.001 0.032 0.086
2,500,000 CT/TT Yes Yes 36 44 0.000 0.000 0.002 0.006
2,500,000 CC No No 36 44 0.060 0.150 0.780 0.909
2,500,000 CC No Yes 36 44 0.004 0.012 0.233 0.442
2,500,000 CC Yes No 36 44 0.001 0.004 0.098 0.227
2,500,000 CC Yes Yes 36 44 0.000 0.000 0.007 0.021
4,000,000 CT/TT No No 38 45 0.011 0.032 0.421 0.657
4,000,000 CT/TT No Yes 38 45 0.001 0.002 0.056 0.142
4,000,000 CT/TT Yes No 38 45 0.000 0.001 0.019 0.054
4,000,000 CT/TT Yes Yes 38 45 0.000 0.000 0.001 0.004
4,000,000 CC No No 38 45 0.037 0.098 0.686 0.858
4,000,000 CC No Yes 38 45 0.002 0.007 0.160 0.334
4,000,000 CC Yes No 38 45 0.001 0.002 0.062 0.155
4,000,000 CC Yes Yes 38 45 0.000 0.000 0.004 0.013

Note: categories of factor that decrease the probability of cure have been shaded
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Table 2.11: Predicted probabilities of cure for those with HCV genotype 1b (complete cases)

Baseline Current Probability of cure with VUS strategy:

HCV VL 1L28B DAA substance VUS1 DAA VUS2 DAA

(1u/ml) genotype resistance abuse days VUS1+RBV VUS2+RBV
100,000 CT/TT No No 28 31 0.933 0.977 0.999 1.000
100,000 CT/TT No Yes 28 31 0.517 0.741 0.987 0.996
100,000 CT/TT Yes No 28 31 0.284 0.508 0.961 0.987
100,000 CT/TT Yes Yes 28 31 0.029 0.080 0.637 0.828
100,000 CC No No 28 31 0.980 0.993 1.000 1.000
100,000 CC No Yes 28 31 0.766 0.903 0.996 0.999
100,000 CC Yes No 28 31 0.540 0.759 0.988 0.996
100,000 CC Yes Yes 28 31 0.091 0.214 0.847 0.941
500,000 CT/TT No No 30 37 0.710 0.872 0.995 0.998
500,000 CT/TT No Yes 30 37 0.175 0.359 0.924 0.973
500,000 CT/TT Yes No 30 37 0.069 0.170 0.804 0.922
500,000 CT/TT Yes Yes 30 37 0.005 0.014 0.260 0.477
500,000 CC No No 30 37 0.887 0.958 0.999 1.000
500,000 CC No Yes 30 37 0.389 0.625 0.977 0.992
500,000 CC Yes No 30 37 0.190 0.381 0.931 0.976
500,000 CC Yes Yes 30 37 0.016 0.047 0.510 0.735

1,000,000 CT/TT No No 32 40 0.547 0.765 0.989 0.996

1,000,000 CT/TT No Yes 32 40 0.094 0.219 0.851 0.943

1,000,000 CT/TT Yes No 32 40 0.033 0.090 0.666 0.846

1,000,000 CT/TT Yes Yes 32 40 0.002 0.007 0.148 0.315
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Baseline Current Probability of cure with VUS strategy:

HCV VL IL28B DAA substance  VUS1DAA  VUS2 DAA

(1U/ml) genotype resistance abuse days days VUS1 VUS1+RBV VUS2 VUS2+RBV
1,000,000 CC No No 32 40 0.789 0.914 0.997 0.999
1,000,000 CC No Yes 32 40 0.242 0.455 0.950 0.983
1,000,000 CC Yes No 32 40 0.102 0.236 0.864 0.949
1,000,000 CC Yes Yes 32 40 0.008 0.022 0.343 0.577
2,500,000 CT/TT No No 36 44 0.326 0.558 0.968 0.989
2,500,000 CT/TT No Yes 36 44 0.036 0.097 0.683 0.857
2,500,000 CT/TT Yes No 36 44 0.012 0.035 0.441 0.676
2,500,000 CT/TT Yes Yes 36 44 0.001 0.002 0.061 0.153
2,500,000 CC No No 36 44 0.590 0.796 0.991 0.997
2,500,000 CC No Yes 36 44 0.110 0.250 0.873 0.953
2,500,000 CC Yes No 36 44 0.040 0.106 0.704 0.869
2,500,000 CC Yes Yes 36 44 0.003 0.008 0.171 0.353
4,000,000 CT/TT No No 38 45 0.234 0.443 0.948 0.982
4,000,000 CT/TT No Yes 38 45 0.022 0.062 0.574 0.785
4,000,000 CT/TT Yes No 38 45 0.007 0.021 0.333 0.566
4,000,000 CT/TT Yes Yes 38 45 0.000 0.001 0.038 0.100
4,000,000 CC No No 38 45 0.475 0.706 0.984 0.995
4,000,000 CC No Yes 38 45 0.070 0.173 0.807 0.923
4,000,000 CC Yes No 38 45 0.024 0.068 0.597 0.801
4,000,000 CC Yes Yes 38 45 0.002 0.005 0.113 0.256

Note: categories of factor that decrease the probability of cure have been shaded
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2.4.4.2 Predictions from the multiply imputed data model

Predictions from the multiply imputed model, which includes Fibroscan (5.0 kPa) rather than
bilirubin, were in most cases either similar or only very slightly different than those from the
complete case model. However, for those infected with HCV genotype 1b and with DAA
resistance, the predicted probability of cure with VUS2 is considerably smaller in the multiply
imputed model. The largest difference is in those with IL28B genotype CT/TT and no substance
abuse: in the complete case model the probability of cure decreases from 96% without
ribavirin (98% with ribavirin) at 100,000 IU/ml to 33% (57%) over the same VL range; in the
multiply imputed data model this changes from 81% (91%) to 13% (25%).
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Figure 2.15: Predicted probability of SVR12 for patients with HCV genotype 1a and IL28B
genotype CT/TT (multiply imputed data)

Note: For Figure 2.11-Figure 2.18, the left y-axis is the probability of cure for a given baseline HCV VL,
the right x-axis is the number of participants with that baseline HCV VL and the relevant HCV genotype,
IL28B genotype, DAA resistance and current substance abuse.
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Figure 2.16: Predicted probability of SVR12 for patients with HCV genotype 1a and IL28B
genotype CC (multiply imputed data)
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Figure 2.17: Predicted probability of SVR12 for patients with HCV genotype 1b and IL28B
genotype CT/TT (multiply imputed data)
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Figure 2.18: Predicted probability of SVR12 for patients with HCV genotype 1b and IL28B
genotype CC (multiply imputed data)

69



Table 2.12: Predicted probabilities of cure for those with HCV genotype 1a (multiply imputed data)

Baseline Current Probability of cure with VUS strategy:

HCV VL IL28B DAA substance VUS1 DAA VUS2 DAA

(1U/ml) genotype resistance abuse days VUS1+RBV VUS2+RBV
100,000 CT/TT No No 28 31 0.452 0.651 0.951 0.979
100,000 CT/TT No Yes 28 31 0.089 0.185 0.692 0.837
100,000 CT/TT Yes No 28 31 0.019 0.044 0.313 0.502
100,000 CT/TT Yes Yes 28 31 0.002 0.005 0.053 0.114
100,000 CC No No 28 31 0.730 0.861 0.985 0.994
100,000 CC No Yes 28 31 0.250 0.430 0.882 0.945
100,000 CC Yes No 28 31 0.065 0.137 0.590 0.761
100,000 CC Yes Yes 28 31 0.008 0.018 0.160 0.299
500,000 CT/TT No No 30 37 0.154 0.295 0.804 0.905
500,000 CT/TT No Yes 30 37 0.020 0.046 0.336 0.533
500,000 CT/TT Yes No 30 37 0.004 0.009 0.092 0.188
500,000 CT/TT Yes Yes 30 37 0.000 0.001 0.011 0.026
500,000 CC No No 30 37 0.378 0.578 0.933 0.970
500,000 CC No Yes 30 37 0.067 0.144 0.623 0.788
500,000 CC Yes No 30 37 0.014 0.033 0.253 0.429
500,000 CC Yes Yes 30 37 0.002 0.004 0.040 0.088

1,000,000 CT/TT No No 32 40 0.086 0.179 0.683 0.831

1,000,000 CT/TT No Yes 32 40 0.010 0.024 0.209 0.376

1,000,000 CT/TT Yes No 32 40 0.002 0.005 0.050 0.108

1,000,000 CT/TT Yes Yes 32 40 0.000 0.001 0.006 0.014

1,000,000 CC No No 32 40 0.241 0.420 0.878 0.944

1,000,000 CC No Yes 32 40 0.035 0.079 0.466 0.662
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Baseline Current Probability of cure with VUS strategy:

HCV VL 1L28B DAA substance VUS1 DAA VUS2 DAA

(1U/ml) genotype resistance  abuse days days VUS1 VUS1+RBV VUS2 VUS2+RBV
1,000,000 CC Yes No 32 40 0.007 0.017 0.152 0.288
1,000,000 CC Yes Yes 32 40 0.001 0.002 0.021 0.047
2,500,000 CT/TT No No 36 44 0.037 0.083 0.479 0.675
2,500,000 CT/TT No Yes 36 44 0.004 0.010 0.098 0.202
2,500,000 CT/TT Yes No 36 44 0.001 0.002 0.021 0.048
2,500,000 CT/TT Yes Yes 36 44 0.000 0.000 0.002 0.006
2,500,000 CC No No 36 44 0.117 0.235 0.751 0.874
2,500,000 CC No Yes 36 44 0.014 0.034 0.271 0.457
2,500,000 CC Yes No 36 44 0.003 0.007 0.070 0.148
2,500,000 CC Yes Yes 36 44 0.000 0.001 0.008 0.020
4,000,000 CT/TT No No 38 45 0.024 0.055 0.376 0.575
4,000,000 CT/TT No Yes 38 45 0.003 0.006 0.065 0.141
4,000,000 CT/TT Yes No 38 45 0.001 0.001 0.013 0.031
4,000,000 CT/TT Yes Yes 38 45 0.000 0.000 0.001 0.004
4,000,000 CC No No 38 45 0.078 0.165 0.663 0.817
4,000,000 CC No Yes 38 45 0.009 0.022 0.194 0.355
4,000,000 CC Yes No 38 45 0.002 0.004 0.046 0.101
4,000,000 CC Yes Yes 38 45 0.000 0.000 0.005 0.013

Note: categories of factor that decrease the probability of cure have been shaded
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Table 2.13: Predicted probabilities of cure for those with HCV genotype 1b (multiply imputed data)

Baseline Current Probability of cure with VUS strategy:

HCV VL IL28B DAA substance  VUS1 DAA VUS2 DAA

(1U/ml) genotype resistance abuse days VUS1+RBV VUS2+RBV
100,000 CT/TT No No 28 31 0.891 0.951 0.995 0.998
100,000 CT/TT No Yes 28 31 0.500 0.693 0.959 0.982
100,000 CT/TT Yes No 28 31 0.168 0.312 0.813 0.909
100,000 CT/TT Yes Yes 28 31 0.023 0.052 0.354 0.549
100,000 CC No No 28 31 0.966 0.985 0.999 0.999
100,000 CC No Yes 28 31 0.765 0.881 0.987 0.995
100,000 CC Yes No 28 31 0.396 0.591 0.935 0.971
100,000 CC Yes Yes 28 31 0.077 0.161 0.634 0.793
500,000 CT/TT No No 30 37 0.644 0.804 0.977 0.990
500,000 CT/TT No Yes 30 37 0.181 0.336 0.832 0.920
500,000 CT/TT Yes No 30 37 0.041 0.091 0.496 0.688
500,000 CT/TT Yes Yes 30 37 0.005 0.011 0.108 0.218
500,000 CC No No 30 37 0.857 0.933 0.993 0.997
500,000 CC No Yes 30 37 0.424 0.623 0.943 0.975
500,000 CC Yes No 30 37 0.130 0.253 0.759 0.877
500,000 CC Yes Yes 30 37 0.017 0.040 0.290 0.474

1,000,000 CT/TT No No 32 40 0.489 0.683 0.957 0.981

1,000,000 CT/TT No Yes 32 40 0.102 0.209 0.722 0.856

1,000,000 CT/TT Yes No 32 40 0.021 0.049 0.344 0.540

1,000,000 CT/TT Yes Yes 32 40 0.002 0.006 0.059 0.127

1,000,000 CC No No 32 40 0.758 0.877 0.987 0.994
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Baseline Current Probability of cure with VUS strategy:

HCV VL 1L28B DAA substance VUS1 DAA VUS2 DAA

(1U/ml) genotype resistance abuse days days VUS1 VUS1+RBV VUuUs2 VUS2+RBV
1,000,000 CC No Yes 32 40 0.280 0.467 0.895 0.952
1,000,000 CC Yes No 32 40 0.072 0.152 0.626 0.789
1,000,000 CC Yes Yes 32 40 0.009 0.021 0.179 0.327
2,500,000 CT/TT No No 36 44 0.290 0.480 0.901 0.955
2,500,000 CT/TT No Yes 36 44 0.044 0.099 0.527 0.714
2,500,000 CT/TT Yes No 36 44 0.009 0.020 0.182 0.335
2,500,000 CT/TT Yes Yes 36 44 0.001 0.002 0.025 0.056
2,500,000 CC No No 36 44 0.572 0.751 0.969 0.987
2,500,000 CC No Yes 36 44 0.140 0.272 0.783 0.891
2,500,000 CC Yes No 36 44 0.031 0.070 0.422 0.618
2,500,000 CC Yes Yes 36 44 0.004 0.008 0.084 0.174
4,000,000 CT/TT No No 38 45 0.210 0.376 0.854 0.932
4,000,000 CT/TT No Yes 38 45 0.029 0.066 0.422 0.621
4,000,000 CT/TT Yes No 38 45 0.006 0.013 0.126 0.247
4,000,000 CT/TT Yes Yes 38 45 0.001 0.001 0.016 0.037
4,000,000 CC No No 38 45 0.466 0.663 0.952 0.979
4,000,000 CC No Yes 38 45 0.094 0.196 0.702 0.842
4,000,000 CC Yes No 38 45 0.020 0.046 0.324 0.516
4,000,000 CC Yes Yes 38 45 0.002 0.005 0.055 0.120

Note: categories of factor that decrease the probability of cure have been shaded
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2.4.5 Associations with SVR12 using fixed 8 week DAA treatment duration: baseline
factors identified using backwards elimination
Using data from the complete cases and after adjusting for the ribavirin randomisation, no
baseline factor was strongly associated with achieving SVR12 (Table 2.14). The factors which
were included in the fully adjusted model (using backwards elimination based on AIC), baseline
albumin and creatinine levels, had only moderate associations with achieving SVR12 after
adjusting for the ribavirin randomisation only (p=0.17 for each). Univariably, there was no
evidence of association between ribavirin and SVR12 even at the higher significance threshold

used for backwards elimination (p=0.38).

In the adjusted model, there was very little change in the estimates compared to the
unadjusted models, with the greatest difference seen in the effect of ribavirin, which reduced
cure rate in those receiving 8 week’s treatment, by a further 4%. However, the adjusted model
did provide stronger evidence for the effect of all three factors, with albumin and creatinine
either achieving or almost achieving conventional significance at the 5% level (p=0.047 and
0.057, respectively; Spearman correlation between albumin and creatinine rho=0.26).
However, the effects of albumin and creatinine were small. For each 2.5g/I higher albumin, the
cure rate was only 4% higher (95% Cl 0.1%, 9%) and for each 9umol/I higher creatinine, the
cure rate was only 4% lower (95% Cl -8%, 0.1%). There was still limited evidence for the effect

of ribavirin (p=0.13).

After imputing the missing data and performing backwards elimination, the same model was
selected as for the complete cases. As neither albumin nor creatinine contained missing data,
the estimates shown in Table 2.14 are based on the full sample of participants and so were the

same for the multiply imputed data.

The area under the ROC curve was 0.83 (Figure 2.19); however the 95% confidence interval
was large (0.67-0.99), due to the low number of treatment failures in the group (6/80, 8%) and

the lack of strong predictive factors in the selected model.

Only AST and FIB-4, which were not in the selected model above, were chosen in >40% of
bootstrap models (Figure 2.20). Other commonly chosen factors that were not included in the
selected model were BMI (39% of models), Fibroscan score (38%), sex (36%) and HIV
coinfection (32%). The factors that were in the selected model, albumin and creatinine,
featured in only 5% and 28% of bootstrap models respectively. Age and ALT featured in the
fewest bootstrap models (1% each). HCV VL, which was the most commonly selected factor in
the variable duration bootstrap models (50%) was selected in only 6% of fixed duration

bootstrap models.
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Table 2.14: Fixed duration model estimates using complete cases (N=80)

Partially adjusted p-value Fully adjusted RD p-

RD (95% Cl) (95% Cl) value
Randomised to receive -5% (-17%, 6%) 0.38 -9% (-21%, 3%) 0.13
ribavirin
Albumin (per 2.5 g/I 3% (-1%, 6%) 0.17 4% (0.1%, 9%) 0.047
higher)
Creatinine (per 9 umol/I -2% (6%, 1%) 0.17 -4% (-8%, 0.1%) 0.057
higher)
Female 5% (-6%, 16%) 0.40
IL28B Genotype: CC vs -1% (-15%, 12%) 0.86
CT/TT

Baseline DAA resistance -0.4% (-17%, 17%) 0.97

HIV positive -2% (-13%, 10%) 0.80
Previous unsuccessful -2% (-20%, 16%) 0.83
treatment

Baseline HCV viral load -2% (-5%, 1%) 0.22

(per 0.4 logio IU/ml

higher)

Age (per 6.5 years older) -3% (-7%, 2%) 0.25
BMI (per 2 kg/m? higher) 1% (-2%, 4%) 0.55
Fibroscan score (per 0.9 2% (-3%, 8%) 0.43
kPa higher)

ALT (per 28 1U/I higher) -0.4% (-3%, 2%) 0.70
AST (per 14 1U/I higher) -1% (-3%, 2%) 0.71
ALP (per 14 1U/ higher ) 1% (-3%, 5%) 0.56
Baseline bilirubin 0.4% (-3%, 3%) 0.80

(per 2.5 umol/I higher)

FIB-4 (per 0.3 higher) -1% (-4%, 1%) 0.27

Note: partially adjusted models adjusted for ribavirin. All estimates are averaging over all over factors in
the model. Estimates for current substance use and current depression could not be calculated due to
perfect prediction.

RD: risk difference.
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Figure 2.20: Factor selection for the fixed duration bootstrap models

Note: ribavirin was forced into all models. Red bars denote factors selected in the baseline model, and
blue bars factors considered but not selected.



2.5 Discussion

In all the models of SVR12 in the variable duration group, HCV genotype 1b, IL28B genotype
CC, no current substance abuse and lower baseline HCV VL were associated with higher SVR12.
Additionally, no baseline resistance to prescribed DAAs, higher bilirubin, higher Fibroscan score
and higher ALP were selected in some models as having a positive association with SVR12.
Although the length of treatment was determined by HCV VL, it still had a strong association
with and moderately large effect on SVR12 (-11% for every 0.4 logio1U/ml higher) that did not
vary across the models. The evidence was also very strong for the large effect of HCV genotype
(27-35% higher SVR12 with 1b vs 1a) and baseline resistance to DAAs (37-40% lower SVR12,
when included in the model) on SVR12. Although IL28B was included in all models, the
strength of evidence of its effect varied (11-15% higher SVR12; p=0.05-0.11). In the multiply
imputed data, Fibroscan result was selected instead of bilirubin; these factors were not
correlated but had similar effect sizes on SVR12 and higher values of both can indicate more

severe liver disease.

Predictions of cure showed that patients with no resistance to prescribed DAAs and no current
substance abuse, regardless of IL28B genotype, have a very high chance of cure when treated
with VUS2 at all baseline HCV VL for patients with HCV genotype 1b and for lower baseline
HCV VL for patients with HCV genotype 1a. For patients with resistance to prescribed DAAs and
current substance abuse, only those with HCV genotype 1b and receiving VUS2 with ribavirin
have an acceptable prediction of cure (>80%). For many patients, extending the treatment
length from VUS1 to VUS2 increases the prediction of cure substantially, even though the extra
number of days of treatment is modest: the benefit of an extra 3-7 days of DAA treatment is
most clear in those infected with HCV genotype 1a with no baseline resistance to prescribed
DAAs or current substance abuse and those infected with HCV genotype 1b who may have
resistance to prescribed DAAs, but who have no current substance abuse. For those patients
who also have a higher baseline HCV VL, adding ribavirin to the shorter treatment regimen also

increases the prediction of cure to a more acceptable rate.

For participants receiving 8-week fixed duration of therapy, higher albumin and lower
creatinine levels were associated with SVR12. However, the effects were small (4% for each 2.5
g/l and 9 umol/l increase, respectively) and the evidence for the association was not large. This
model had limited ability to predict who would cure on 8-week treatment. Given the high cure
rate (93%), 8 weeks of DAA treatment is likely too effective a treatment to determine strong
predictors of cure as the effects of these factors have been weakened. Although the overall
cure rate was high and no strong predictors were determined, it is possible that not every

participant had a similarly high chance of cure. However, of the factors that were tested all
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univariable effects were small (<5% risk difference) so it is likely that for most participants,

there was not a large difference in the chance of cure.

Within the studies of short-course treatment, a low baseline HCV VL (most commonly defined
as <2,000,000 1U/ml) was widely identified as a factor associated with SVR12 (44-47, 50).
Patients with a higher viral load have higher levels of virus circulating through their body that
needs to be cleared before they can become cured and this will likely require longer

treatment.

Resistance to prescribed DAAs has also been identified as a predictive factor for SVR12 with
short-course treatment in some studies (45, 47), although not universally (48). Longer
treatments are advised for patients with identified DAA resistance to overcome the lower
effectiveness of the drugs (57) - this is supported by my analysis as higher rates of SVR12 were
predicted for those with resistance taking VUS2 compared to VUS1, particularly for those with

no current substance abuse.

One study has previously reported that participants with HCV genotype 1b have higher rates of
SVR12 in short-course treatment (45), with other studies recruiting too few genotype 1b
participants to determine a difference or not providing the breakdown of SVR12 results by
subtype. One possible explanation for the difference in SVR12 is that the 1a genotype may be
more likely to develop drug resistance on treatment than the 1b genotype (58). Although
baseline resistance to DAAs was also selected for inclusion in the model, any drug resistance
developed during the course of treatment and treatment failure could not be included, as it
could only be ascertained in those who went onto fail, and therefore this effect may be
represented by HCV genotype. In the trial, there was a numeric difference in the emergence of
new resistance at treatment failure between the genotype subtypes: 13/50 (26%) of
participants with genotype 1a had a new RAS compared to 1/6 (17%) participants with

genotype 1b although this was not significant due to the small numbers (p=0.53).

Previous studies have identified the CC variant of the IL28B genotype as being associated with
higher rates of SVR12 (47, 50). As well as previous research showing that the CC genotype was
associated with better cure rates with PEG-IFN, it is also strongly associated with spontaneous
cure of HCV (59). The mechanism of association between IL28B genotype with DAA outcomes
is unclear, but the CC variant may aid in preventing rebound of HCV at lower levels of viral

load, created by the DAAs, than the CT or TT variants through the same higher innate immune

response to HCV that also increases the chance of spontaneous cure in some patients.

In previous studies of short-course treatment, there was no comparison of SVR12 in those

reporting and not reporting current drug use, however the one study recruiting (exclusively)
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participants who inject drugs did see relatively high SVR rates of 75-94% (42). Participants in
the STOP-HCV-1 trial who reported current substance abuse at enrolment may have had lower
adherence that was not measured accurately during the trial. While there is evidence that
reduced adherence does not greatly impact SVR in full length treatment (60, 61), for short-
course treatment there is evidence of a greater impact (44). It is possible that some of the
participants reporting current substance abuse were participating in high-risk behaviour for

reinfection, but there was no evidence that this was the cause of any treatment failure.

Lower bilirubin has previously been identified as a factor associated with SVR12 (38), which
appears to contrast with the model developed in this chapter. However, this previous study
dichotomised bilirubin into a high and low group using a cut off of 1.2mg/dl, whereas the
highest baseline bilirubin observed in the STOP-HCV-1 trial was below this (17umol/I or
0.99mg/dl) so all participants would have been considered as having low bilirubin levels using
that study definition (and also within usual normal ranges in general). Although higher bilirubin
was associated with SVR12 in my model, this may only hold for values of bilirubin within a
normal range. Additionally, while higher levels of bilirubin can indicate severe liver disease and
are incorporated into common prognostic scores for cirrhosis, such as the Child-Pugh score,
low indirect bilirubin has also been found to be associated with advanced liver fibrosis in
chronic HCV patients (62). There is also evidence that enzymes and metabolites involved in the
catabolism of heme, of which bilirubin is an end product, may help with reducing viral
replication and preventing liver damage and therefore a higher level of bilirubin at baseline

may indicate a higher level of these protective enzymes and metabolites (63-65).

In the backwards elimination and best subsets regression models using multiply imputed data,
Fibroscan score was selected in the model instead of bilirubin. Liver fibrosis, and particularly
cirrhosis, is known to reduce efficacy of HCV treatment and all trials examining short-course
treatment either exclude those with higher levels of fibrosis or cirrhosis completely from the
trial or they are given longer treatment lengths than those with no or lower fibrosis or
cirrhosis. In my analysis, a higher Fibroscan score was associated with higher rates of SVR12
and, in conjunction with the definition of mild liver disease/no or low levels of fibrosis
(<7.1kPa) for inclusion within the STOP-HCV-1 trial, it is therefore more likely that in these
participants the higher Fibroscan score is measuring higher levels of inflammation within the
liver rather than fibrosis. Although Fibroscan score replaced bilirubin in the models using
multiply imputed data and higher levels of bilirubin are often seen in patients with liver
inflammation, the correlation between bilirubin and Fibroscan score was very low (spearman
rho=0.11) so it is unlikely that bilirubin and Fibroscan score are representing the same

mechanism of improving cure rates in each model.
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A strength of the variable duration models, particularly those selected by backwards
elimination and best subsets regression, is that they had high discrimination and predicted
most participants to either have a very low or very high chance of cure. This indicates that the
factors chosen are important and have strong effects on the probability of cure. Additionally,
all model selection processes selected similar factors, with four factors being chosen in all six
models selected, and predictions of SVR12 from each model selection process were also
similar. This shows that factor selection was fairly robust and that the factors were not likely
chosen solely by chance. The validity and generalisability of my analysis is also strengthened by
finding factors that have been identified in previous research and there was no contradiction

to previously identified strong predictors of SVR12.

The main limitation of this analysis is the small sample size, particularly for the fixed duration
model which also had a high proportion of participants achieving SVR12. Due to the unique
nature of the sliding scale mechanism for determining the variable length of treatment based
on HCV VL in STOP-HCV-1 (Figure 1.3), combining STOP-HCV-1 data with other datasets that
determined length of DAA treatment via another method would not have been a simple
process. The small sample size means that in the predicted probabilities of SVR12 for some
groups of patients and levels of HCV VL, there are very few or no STOP-HCV-1 participants that
are contributing data, which may affect the validity of estimates which are essentially
predicting out of sample. However, my analysis is larger than any currently published study
examining short-course treatment, where the current maximum enrolled to a particular
regimen is 31 participants (41, 42, 44-48). Additionally, the selected model has not been
externally validated due to a lack of suitably sized datasets; the SEARCH-1 trial conducted in
Vietnam, pilot to the VIETNARMS trial in Chapter 5 and included in the analysis in Chapter 3,
enrolled and reported only 16 outcomes (10 cures) for participants infected with HCV

genotype 1.

A limitation of the model is that, due to the assumption of no interactions, it assumes a
constant increase in cure rate between VUS1 and VUS2 regardless of baseline HCV VL. This is
particularly evident in the predictions of cure for patients with lower baseline HCV VL where
the difference in DAA treatment days between the two strategies is either minimal or zero, but
the difference in predictions is, for some groups of patients, large. As the model has not been
externally validated, the accuracy of the predictions at the extremes of the VLs has not been
assessed. A potential option to handle this problem in future work would be to include VUS
strategy not as a binary factor (either VUS1 or VUS2), but as a factor that could take three
options (VUS1, VUS2, or VUS1/VUS2 where treatment lengths are the same). | chose not to

test interactions within this analysis, other than between VUS strategy and ribavirin, due to the
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small sample size so key potential interactions between factors, which would have aided in
prediction, may have been missed — although it is possible that even if they were considered in

the model selection, they would have not been selected due to a lack of power in the analysis.

An additional limitation with the analysis is that, unlike for the effect of ribavirin, participants
were not randomised to receive VUS1 or VUS2 and instead this was determined by when they
were randomised into the trial. As this was not a randomised comparison, there may be
unmeasured confounders that have not been accounted for within the analysis: the main
confounder of concern is changes in other aspects of management over calendar time. It is
therefore possible that the effects of VUS1/VUS2 may not be causal and instead be biased by

this confounding.

Within this chapter | have developed a model that could be used to predict the probability of
cure of a patient starting DAA treatment based on several patient characteristics with options
for treatment (including ribavirin, slightly lengthening treatment from VUS1 to VUS2). To make
these predictions more clinically useful, future work could involve developing an online system
for clinicians to easily access and input the relevant characteristics of their patient. The
clinician could then determine the probability of cure for various treatment lengths and the
potential addition of ribavirin and decide the best treatment, if any, based on the patient’s
tolerance for treatment length or their availability for monitored treatment, such as hospital

admission or incarceration, and their tolerance for potential ribavirin related adverse events.

2.6 Key findings
e SVR12 is associated with lower baseline HCV VL, HCV genotype 1b, IL28B genotype CC,
absence of baseline resistance to prescribed DAAs, no current substance abuse and
either higher baseline bilirubin or higher baseline Fibroscan score (higher within the
normal range of results for both bilirubin and Fibroscan score) in participants taking
short course variable duration therapy.
e Factor selection is largely robust to methods of model selection.
e Extending treatment from VUS1 to VUS2 is most beneficial for either:
o Patients infected with HCV genotype 1a with no baseline resistance to
prescribed DAAs and no current substance abuse, or;
o Patients infected with HCV genotype 1b with baseline resistance to prescribed
DAAs, but no current substance abuse.
e Patients with both baseline resistance to prescribed DAAs and current substance

abuse have a very low probability of SVR12, regardless of baseline HCV VL, VUS
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strategy or other factor associated with SVR12 and are not suitable for short-course

treatment.
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3 Viral load rebound kinetics and timing of treatment failure with
short-course DAA treatment

3.1 Introduction and aims

The overall goal of this chapter was to explore other aspects around treatment failure,
specifically rebound viral loads and the timing of treatment failure, to further develop
understanding of which patients may be suitable for short-course therapy and why some
patients require longer treatment. This chapter follows on from the work in Chapter 2, which
looked at factors that affect SVR12 as a binary outcome in STOP-HCV-1. Here | incorporated
data from the Vietnamese SEARCH-1 trial alongside the UK STOP-HCV-1 trial previously used
and investigated factors that affect the time to rebound after EOT and speed of VL rebound.
Factors identified using data from both trials are likely to be more generalisable to different
treatment lengths and shortening strategies, as the duration of treatment as a baseline factor
could be included, whereas this was not possible for STOP-HCV-1 where there was a direct link

between baseline HCV VL and length of treatment.

The first specific aim of this chapter was to assess potential factors which influenced how soon
after stopping treatment participants started to rebound. The second aim was to model the
mean rebound VL overall, allowing for variation between participants. The third aim was to
determine which factors affect rebound VL kinetics and which aspect of the rebound they
impacted: either the rate of the initial rebound after VL started to increase, the peak VL during

rebound or any change in VL after this peak.

3.2 Background

From the review of the literature, | found no previous studies investigating VL rebound after
treatment failure with DAAs. This is likely due to the very high cure rates observed with
standard duration DAA therapy which means very few patients experience a VL rebound and
so data is very limited. The search was conducted both using Pubmed and Google Scholar with
broad criteria: the search used the terms “hepatitis ¢’ or “HCV” and “viral load rebound” or

“viral rebound”, and was not limited to a specific treatment length, setting or time period.

Although | did not find mathematical models of viral load rebound after treatment failure,
mathematical models of viral load decay have been well described and may provide insight
into rebound kinetics. The standard model of viral load decline during treatment is a biphasic
model (66). HCV RNA declines rapidly during the first phase as the virus is cleared from
circulation and not replaced as virion production and release from infected cells is blocked.
The second phase is slower and is caused by the death of infected cells; infection of new cells

is limited due to the lower levels of circulating virus. It is theorised that with DAAs, the
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intracellular levels of virus decrease such that infected cells become cured, further reducing
the levels of RNA being released, and leading to a faster second phase decline than with PEG-
IFN (67). In patients where the majority of hepatocytes are infected, viral load decay follows a
triphasic model in which the first phase remains the same as the biphasic model and the
second phase becomes the third phase with an introduction of an intermediate “shoulder
phase” (68). In the “shoulder phase”, viral load declines very slowly or remains constant due to
the rate of proliferation of infected cells remaining high due to their higher prevalence. The

differences in the two declines are displayed in Figure 3.1.
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Figure 3.1: Biphasic and triphasic declines of HCV viral load

Note: red dashed line is the shoulder phase of the triphasic decline. Data is for illustrative

purposes only and not taken from real measurements.

A small number of studies have attempted to determine what factors affect viral kinetics with
DAA treatment. In one study, participants who took ribavirin with DAAs had faster declines in
VL from baseline to day 1, and two weeks after starting treatment had lower RNA levels and
were more likely to have undetectable virus (69). Of note, in STOP-HCV-1, | did not find
evidence of similar effects (p=0.89, 0.84 and 0.25 comparing logio HCV VL between those
randomised to ribavirin vs no ribavirin adjusted for baseline at days 3, 7, and 14, respectively;
unpublished findings). In another study that altered treatment length based on a predicted

time to cure determined from the standard biphasic model, those with lower baseline HCV VL
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and ALT had faster VL declines from baseline to day 28, a shorter predicted time to cure and
were therefore more likely to have shorter DAA treatment (70). However, other studies have
found no evidence of difference in kinetics across a large number of factors including age, sex,
ethnicity, HCV genotype, coinfection with HIV/taking ART, fibrosis score/cirrhosis, previous
HCV treatment and in one case resistance to DAAs (71-73). Previous research with PEG-IFN
treatment suggested that IL28B genotype CC was associated with a faster first phase of VL
decay, and that the second phase was faster in those with lower baseline HCV VL and higher
baseline ALT (66, 74, 75). There is also evidence that ribavirin in conjunction with PEG-IFN
increased viral load decay in the second phase of VL decline using the standard model and the

third phase in a triphasic model (76, 77).

3.3 Methods

As for the analysis in Chapter 2, three participants with very poor adherence and two
participants with HCV genotype 4 from the STOP-HCV-1 trial were excluded from the analyses
in this chapter. Two participants in STOP-HCV-1 with SVR12 but who failed later (at the final
trial follow-up 24 weeks after EOT) have been excluded from the analysis of kinetics of VL
rebound, but included in the time to failure analysis, considered cured and censored at their
EOT+12 visit. All SEARCH-1 participants with a SVR12 result have been included in the analyses.

All analyses were performed in Stata v17.0.

3.3.1 Statistical analysis for time to treatment failure

As the exact time of treatment failure was unknown, interval censored Cox models were used
to estimate the hazard of treatment failure. Time was measured from EOT due to the varying
treatment lengths and because failure while receiving treatment occurred in only one
participant in STOP-HCV-1, who was therefore excluded from the analysis. Participants who
achieved SVR12 were also included in this analysis, right censored at their EOT+12 visit (the
final post EOT assessment for those achieving cure in SEARCH-1). Those who did not achieve
SVR12 contributed an interval censored failure, with the failure time occurring sometime
between their last prior VL measurement up to their first VL measurement meeting the
definition of failure (given in Section 1.5.1). A multivariable model was built using backwards
elimination, with exit p=0.05. A threshold of p=0.05 was used instead of p=0.156 as used in
Chapter 2 due to the larger sample and the increased power in the model. Only baseline (pre-
treatment) factors were considered in this analysis, but baseline laboratory results were
included as in Chapter 2, given the larger number of participants. EOT factors were not tested
in this model to align with the models in Chapter 2 as well as the kinetics model described

below.
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For most continuous factors in both models, | chose to present estimates and 95% confidence
intervals for a change of half the interquartile range, corresponding approximately to moving
from one quartile to the next. For length of DAA treatment and time between visits, which

have a natural scale, | used weeks.

3.3.2 Statistical analysis for VL rebound

Analysis considered kinetics of VL rebound up to 12 weeks post EOT. All VL measurements
from the time of the first VL to meet the failure criteria up to and including 10 weeks after the
initial failure VL or the time of the retreatment DO VL, whichever came first, were included in
the analysis. VLs after these time points were excluded, because either the participant’s VL
would have declined due to starting retreatment or data was sparse, suggesting that those
that did not start retreatment closer to rebound might not have been generalisable and results
may have been heavily influenced by any outliers. In total, only 7 (3% of total 221
measurements) VL results from 6 participants were excluded due to being past 10 weeks.
Initial descriptive analysis suggested two phases in the VL rebound: an initial phase up to the
peak rebound VL with a slight decline after this peak. To model this behaviour, a linear spline
with one knot at the median time for the confirmatory VL result (2.14 weeks after the initial
failure VL) was used and this time point was set to zero in the model so that the model

intercept corresponded to the approximate peak rebound VL.

Linear mixed models were used to analyse the trajectories of HCV VLs. Random effects were

used to allow for individual participant differences in the peak rebound VL and the slope from
treatment failure VL to peak rebound VL; there was no evidence of variation in the slope after
the peak VL (standard error for the estimate of variance in base model 7.00x10°) so this was

not included.

Multivariable models were built using backwards elimination including, for each factor, a main
effect corresponding to the impact of the factor on the peak VL, and interactions between the
factor and each of the two slopes representing the different phases of the rebound. Factors
were included in the model if the p-value for the term was <0.05, always including the main
effect (representing the effect on the peak) if either interaction with time met this threshold.
As the number of terms in the full model was already large compared with the size of the
dataset, laboratory results were not included in the primary multivariable model but were
added to the selected model and terms kept if p<0.05 as for the other factors. In addition to
the baseline factors tested in Chapter 2, | also considered whether the participant’s VL was
<LLOQ (or <15 IU/ml for assays with greater sensitivity) at EOT for inclusion in the model, and
the time between the initial failure VL and the prior visit, in order to account for the

differences in visit schedule between the two trials, whereby STOP-HCV-1 had visits every 4
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weeks after EOT, whereas SEARCH-1 had visits every 3-4 days up to EOT+4 where it switched
to a 4 weekly visit schedule. Other EOT factors were not considered due to the large number of
factors already being tested. The predicted peak rebound HCV VL from the final model was

compared to the recorded baseline HCV VL using Spearman correlation.

3.3.3 Missing data

For both models, missing data in covariates was assumed to be missing at random and analysis
was performed on the complete case data only (based on completeness of covariates, not VL
measurements). Multiple imputation was not performed for the kinetics model due to the
large numbers of factors and interactions that would need to be imputed; multiple imputation
was not performed for the time until treatment failure to align with the kinetics model and
also due to the lack of an established method so any method would have to be developed and

tested, which is outside the scope of this thesis.

3.4 Results

3.4.1 Baseline demographics

Overall, 51 participants (13/51 (25%) with a treatment failure) from the SEARCH-1 trial were
included in the analysis and 193 participants (56/193 (41%) with a treatment failure) from the
STOP-HCV-1 trial (Table 3.1). Within those with a treatment failure, similar percentages took
28 days, 29-35 and 36-49 days of DAA treatment (29%, 32% and 30% respectively) with only 6
(9%) taking 56 days, which contrasts with the group of participants who cured where the
majority (108, 62%) took 56 days of treatment and the second largest group took 28 days (36,
21%). Overall, ribavirin was taken by 96 (39%) participants, all of which were enrolled into
STOP-HCV-1. The median (IQR) age of participants was 46 (38, 54) years, 89 (36%) participants
were female, the predominant HCV genotype was 1a (170 (70%) participants), median (IQR)
baseline HCV VL was 817892 (254325, 2251158) IU/ml, 92 (39%) had the 1L28B genotype CC,
67 (27%) were coinfected with HIV (all in STOP-HCV-1) and 71 (31%) had baseline resistance to
their prescribed DAAs.

Table 3.1: Demographics of participants included in the analysis

Experienced treatment Achieved SVR12
failure N=175 (column %)

N=69 (column %)

Trial design

Trial enrolled into

STOP-HCV-1 56 (81%) 137 (78%)
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Experienced treatment

failure

N=69 (column %)

Achieved SVR12
N=175 (column %)

SEARCH-1 13 (19%) 38 (22%)
DAA days received 33 (28, 38) 56 (33, 56)
28 20 (29%) 36 (21%)
29-35 22 (32%) 14 (8%)
36-49 21 (30%) 17 (10%)
56 6 (9%) 108 (62%)
Received ribavirin 27 (39%) 69 (39%)
Treated using 56 (81%) 135 (77%)
dasabuvir/ombitasvir/paritaprevir/ritonavir
Treated using glecaprevir/pibrentasvir 0 2 (1%)
Treated using sofosbuvir/daclatasvir 13 (19%) 38 (22%)
Baseline (pre-treatment) factors
Age (years) 48 (40, 54) 45 (37, 54)
Female 23 (33%) 66 (38%)
BMI (kg/m?) 24.6(22.1, 25.9) 24.7(21.8, 27.2)

Baseline HCV viral load (1U/ml)

1009081
(525856, 2327300)

776616
(213225, 2238721)

Baseline HCV viral load (logio 1U/ml)

6.00 (5.72, 6.37)

5.89 (5.32, 6.35)

HCV genotype

1a 54 (78%) 116 (66%)

1b 8 (12%) 37 (21%)

6 7 (10%) 22 (13%)
IL28B genotype

cc 22 (33%) 70 (42%)

CTorTT 45 (67%) 96 (58%)
Fibroscan score (kPa) 4.8 (4.4,5.9) 5.2(4.4,6.1)
HIV coinfected 20 (29%) 47 (27%)
Baseline resistance to prescribed DAA regimen 22 (33%) 49 (30%)
ALT (U/1) 45 (33, 74) 53 (30, 87)
AST (U/1) 38 (27, 52) 36 (28, 56)
ALP (U/1) 70 (60, 85) 72 (59, 88)
Albumin (g/1) 44 (42, 46) 45 (42, 46)
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Experienced treatment Achieved SVR12
failure N=175 (column %)

N=69 (column %)

Bilirubin (umol/I) 8(7, 10) 9(7,12)
Creatinine (umol/l) 73 (63, 86) 73 (64, 81)
FIB-4* 1.05 (0.82, 1.54) 0.98 (0.74, 1.43)
Current depression 10 (14%) 28 (16%)
Current illicit substance abuse 9 (13%) 18 (10%)

Other factors

HCV VL<LLOQ at end of treatment 59 (86%) 148 (86%)

DAA resistance at treatment failure 32 (51%) -

Days between failure and previous visit 28 (23, 28) [3, 36] -

*Fibrosis-4 index (calculated as age*AST/(platelets*ALTY?) (56)

Note: n (%) or median (interquartile range) [range]. Data split between failures and cures as kinetics
analysis limited only to data from failure participants, therefore differences between the groups not
tested here (see Chapter 2 for comparisons in STOP-HCV-1 participants). In total, 11 participants were
missing IL28B genotype, 15 missing baseline DAA resistance, 6 missing DAA resistance at treatment
failure, 4 missing substance use data, 20 missing AST and FIB-4, and 1 missing ALT, ALP, albumin,
bilirubin and creatinine. Two cured participants were missing EOT VL data.

3.4.2 Factors associated with time to treatment failure

In the STOP-HCV-1 trial, 39 (70%) participants first met the failure criteria at their EOT+4 visit,
15 (27%) at their EOT+8 visit and 2 (3%) at their EOT+12 visit (Figure 3.2, panel (a)). In SEARCH-
1, 7 (54%) had a treatment failure either at or before their EOT+4 visit (visits were scheduled
every 3-4 days before this timepoint, cumulated for comparison with STOP-HCV-1 in panel (b)),
5 (38%) at their EOT+8 visit and 1 (8%) at their EOT+12 visit. However, not all visits took place
exactly as scheduled so there was some variation as to when the treatment failure was first
recorded, as seen in Figure 3.3 in the estimated hazard function from the interval-censored

regression.

Being in SEARCH-1, taking longer DAA treatment, having HCV genotype 1b, having a lower
baseline HCV VL and being younger were all independently associated with a lower hazard of

treatment failure and therefore a longer time until treatment failure (Table 3.2).
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Figure 3.2: Timing and numbers of treatment failure (N=69: (a) 56 in STOP-HCV1 by week
post EOT, (b) 13 in SEARCH-1 by week matching STOP-HCV-1 and (c) by sub-categorised week
post EOT)

Note: Left x-axis shows the number of participants failing at each time point, right x-axis shows
cumulative percentage of participants failing at each time point out of those who ever failed. In SEARCH-
1, EOT+3.5 is 24 days after EOT.
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Figure 3.3: Hazard function for time to treatment failure from interval censored Cox
regression

Note: Function estimated using adjusted model from Table 3.2 at the mean of each factor.
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Table 3.2: Association between factors and time to treatment failure (N=242)

Hazard Ratio p-value Fully adjusted Hazard p-value
(95% Cl) Ratio (95% Cl)

Trial: SEARCH-1 vs STOP-HCV-1  0.84 (0.45, 1.56) 0.58 0.23 (0.08, 0.68) 0.008
DAA days (per 1 day longer) 0.93(0.91,0.96) <0.001 0.87(0.84,0.91) <0.001
Genotype: 1lbvs 1a 0.49(0.23,1.07) 0.07 0.36 (0.15, 0.86) 0.02

6 vs la 0.70(0.32, 1.54) 0.38 0.58 (0.17, 1.98) 0.39
Baseline HCV viral load 1.14 (1.00, 1.29) 0.05 1.49 (1.26, 1.77) <0.001
(per 0.33 logio IU/ml higher)
Age (per 8 years older) 1.12 (0.94, 1.33) 0.19 1.21(1.04, 1.42) 0.02
Received ribavirin 0.96 (0.59, 1.56) 0.87 - -
Female 0.82(0.49, 1.36) 0.45 - -
BMI (per 2 kg/m? higher) 0.95 (0.83, 1.09) 0.43 - -
Baseline DAA resistance 1.06 (0.63, 1.78) 0.83 - -
HIV positive 1.10(0.66,1.84)  0.70 - -
IL28B: CCvs CT/TT 0.68 (0.41, 1.14) 0.14 - -
Current substance abuse 1.30(0.66, 2.56) 0.45 - -
Current depression 0.94 (0.49, 1.83) 0.87 - -
Fibroscan score (per 0.9 kPa 0.93 (0.76, 1.13) 0.47 - -
higher)
ALT (per 28 1U/I higher) 0.95 (0.85, 1.07) 0.38 - -
AST (per 13 1U/I higher) 0.96 (0.85, 1.08) 0.51 - -
ALP (per 14 1U/ higher ) 0.95(0.81, 1.12) 0.56 - -
Albumin (per 2 g/l higher) 0.96 (0.84, 1.10) 0.56 - -
Creatinine (per 10 umol/I 1.08 (0.93, 1.26) 0.31 - -
higher)
Bilirubin 0.89 (0.78, 1.03) 0.11 - -
(per 2 umol/I higher)
FIB-4 (per 0.35 higher) 1.01(0.87, 1.19) 0.87 - -

Univariably, there was no evidence of a difference in time to treatment failure between the
two trials (p=0.58), but after adjusting for other factors, being enrolled into SEARCH-1 was
strongly associated with a later time to treatment failure (p=0.008) despite the visit schedule

being more intense than that in STOP-HCV-1 with more opportunities to detect treatment
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failure earlier. Increasing the length of DAA treatment by 1 day was very strongly associated
with a 13% (HR 0.87 (95% Cl 0.84, 0.91)) reduction in the hazard of treatment failure, with a
corresponding reduction of 98% (HR 0.02 (95% CI 0.01, 0.06)) in those who took the longest
length of treatment compared to those who took the shortest length (56 vs 28 days). Having a
higher baseline HCV VL was very strongly associated (p<0.001) with a faster time to failure
with an increased hazard of 49% (HR 1.49 (95% Cl 1.28, 1.81)) for every 0.33 logio IU/ml higher
baseline VL. Despite baseline VL directly determining the length of DAA treatment for those
randomised to variable length treatment in STOP-HCV-1 and D2 VL to the length of treatment
for SEARCH-1 participants, there was at most weak correlation between baseline VL and length
of treatment in all participants (spearman rho=0.19) and there was no evidence of an

interaction between baseline VL and days of treatment in the model (p=0.61).

Although being infected with HCV genotype 1b was strongly associated with a much lower
hazard of treatment failure compared to 1a (HR 0.36 (95% Cl 0.15, 0.86); p=0.02), there was no
evidence of a difference between those infected with HCV genotype 6 and 1a (p=0.39).
However, there was also no evidence of a difference between genotypes 1b and 6 (p=0.49).
Older participants were also more likely to have an earlier treatment failure with a 21%

increase (HR 1.21 (95% Cl 1.04, 1.46)) in the hazard for every 8 years older.

3.4.3 VL trajectories

Figure 3.4 shows the VL trajectories of individual participants from (a) the VL measurement
before the visit where treatment failure was identified following the definition above and (b)
from this visit itself. The majority of the last VLs prior to treatment failure took place ~4 weeks
before with 45 (65%) participants having a gap of 25-31 days (median 28 (IQR 25, 28) [range 3,
83]) between the two VLs (Figure 3.5). Seven (10%) participants had their previous visit within
7 days of their treatment failure visit. At the VL measurement immediately preceding
treatment failure, only 9 (13%) participants had a VL >LLOQ: 7 participants had a VL between
LLOQ and 58 IU/ml and the remaining two participants had VLs of 200 and 755 IU/ml. In
general, the closer these two visits, the steeper the VL trajectory between the two time points,
however there was also a group of participants with ~4 weeks between visits who had a slower

incline than other participants with a similar time between visits.
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Figure 3.4: Individual viral load trajectories (N=69)
(a) Viral load trajectories including the VL measurement prior to the first visit meeting the
definition of treatment failure; (b) Viral load trajectories from the first visit meeting the

definition of treatment failure

Note: In both plots time zero is the time of treatment failure.
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Figure 3.5: Distribution of time between treatment failure and the immediately preceding VL

measurement

From the visit at which treatment failure occurred there appeared to be three main trends,

based on visual examination, in the VL trajectories (Figure 3.4b, Figure 3.6): one group of

93



participants whose initial VL was high and either at or close to the peak of the rebound VL that
changed little over the following visits; a second group of participants that had a lower initial
VL that increased steeply over time with either a plateauing or slight decrease in VL after the
confirmatory VL; and a third group that also had a lower initial VL but with a slower increase in
VL often with no plateauing or decrease observed by the start of retreatment. These three
groups largely had different timings for their peak rebound VLs: the first group had a peak
either at treatment failure or the peak was of a similar magnitude to their treatment failure VL,
the second group had their peak VL shortly after treatment failure, and the third group had

their peak VL a few weeks after treatment failure.
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Figure 3.6: Individual viral load trajectories split by viral load behaviour
(a) Treatment failure VL is high and is close to the peak VL; (b) Treatment failure VL is low,

but reaches peak quickly; (c) Treatment failure VL is low and reaches peak slowly

Note: In all plots time zero is the time of treatment failure.

3.4.4 The kinetics of HCV VL after rebound and associated factors

From a linear mixed model including only time from rebound (no covariates), the mean HCV VL
at the time of treatment failure was 4.74 (95% Cl 4.42, 5.07) logio IU/ml, increasing up to a
peak of 6.02 (95% Cl 5.77, 6.28) logio IU/ml 2.14 weeks later (timepoint fixed in the model)
before decreasing slightly to 5.32 (95% Cl 4.75, 5.88) logio IU/ml 10 weeks after treatment

failure (Table 3.3, Figure 3.7). While there was strong evidence that VL increased following the
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first treatment failure VL up to the estimated peak at 2.14 weeks (p<0.001), there was much
weaker evidence for a subsequent decline after the estimated peak (p=0.04). There was a
similar amount of variation between participants in the peak VL and the rate of change in VL
from the initial treatment failure VL to the peak (0.39 and 0.34 respectively), but there was
only a moderate amount of positive correlation between these (0.45 (95% Cl 0.07, 0.72))
indicating that those with higher peak rebound VLs tended to have faster increases in VL to

this peak.

Table 3.3: Overall viral load kinetics (Participant N=69, VL N=210)

Estimate (logio IU/ml) (95% CI)  p-value

Fixed effects

Peak/model intercept (logio IU/ml) 6.02 (5.77, 6.28) <0.001
First slope (increase per week) 0.60 (0.40, 0.80) <0.001
Second slope (increase per week) -0.09 (-0.18, -0.003) 0.04

Random effects

Variance of the peak/intercept 0.34 (0.16, 0.72)
Variance of the first slope 0.39 (0.22, 0.67)
Correlation between the 0.45 (0.07, 0.72)

peak/intercept and the first slope

Univariably, peak rebound VL was higher in those with higher baseline HCV VL, higher
Fibroscan score, younger individuals and those who reported current depression, but lower in
those with higher ALP (Table 3.4). The rate of increase in VL after the initial treatment failure
VLs was faster in those enrolled in SEARCH-1, HCV genotype 6, IL28B genotype CC, those with
higher baseline HCV VL and slower in those with a longer time in between visits and higher
ALT. In addition to their lower peak rebound VL, after this peak older participants had a slower
decline in VL, or even an increase for those >58 years, suggesting that even though peak VL
was lower, it may ultimately revert to a VL more similar to a younger participant. Declines after

peak were also faster in those with baseline DAA resistance.
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Figure 3.7: Mean rebound viral load trajectory

In the fully adjusted multivariable model, being enrolled into SEARCH-1, taking ribavirin, having
a VL <LLOQ at EQT, a higher baseline HCV VL, not having baseline resistance to prescribed
DAAs and a higher baseline Fibroscan score were all independently associated with a higher
peak rebound VL (Table 3.5). Trial and DAA resistance had the largest impact on peak VL with
each altering the peak by ~1 logio IU/ml. Interestingly, for each 0.33 logio IU/ml higher baseline
HCV VL, there was only a 0.26 (95% C1 0.19, 0.32) log1o IU/ml higher peak rebound VL
indicating that, all other factors being equal, there was a greater absolute difference in
baseline and peak rebound VL in those with higher baseline VLs than those with smaller
baseline VLs (although 95% Cl were relatively large). The variance in the peak between
participants decreased considerably from 0.34 in the model without any covariates to 0.01
(95% Cl 0.0003, 0.20) in the fully adjusted model, therefore the selected model and factors

successfully explain most of the heterogeneity in the peak rebound VL.
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Table 3.4: Univariable analysis of factors potentially associated with viral load kinetics

Change in peak (logio p-value Change in first slope per p-value Change in second slope per  p-value
1U/ml) (95% Cl) week (logio IU/ml) (95% Cl) week (logio IU/ml) (95% ClI)

Trial: SEARCH-1 vs STOP-HCV-1 0.58 (-0.10, 1.27) 0.10 0.67 (0.16, 1.19) 0.01 -0.40 (-1.00, 0.19) 0.19
Received ribavirin 0.03 (-0.49, 0.55) 0.91 -0.23 (-0.64, 0.17) 0.26 -0.02 (-0.19, 0.16) 0.86
Timing of previous visit (per extra -0.03 (-0.06, 0.003) 0.07 -0.05 (-0.07, -0.02) <0.001 0.004 (-0.01, 0.02) 0.62
day)
>LLOQ HCV VL at EOT 0.55 (-0.15, 1.25) 0.13 0.41 (-0.16, 0.97) 0.16 -0.13 (-0.35, 0.08) 0.22
DAA days (per 1 day more) -0.003 (-0.03, 0.04) 0.83 -0.02 (-0.04, 0.01) 0.20 0.01 (-0.01, 0.02) 0.41
Genotype: 1b vs 1a -0.57 (-1.31, 0.18) 0.14 -0.19 (-0.79, 0.41) 0.54 0.15 (-0.15, 0.45) 0.33

6vsla 0.62 (-0.32, 1.56) 0.20 0.71 (0.01, 1.41) 0.046 -0.64 (-1.86, 0.58) 0.31
IL28B: CC vs CT/TT 0.42 (-0.12, 0.97) 0.13 0.64 (0.23, 1.06) 0.002 -0.09 (-0.27, 0.09) 0.33
Baseline HCV viral load 0.34 (0.22, 0.47) <0.001 0.11(-0.001, 0.23) 0.051 -0.01 (-0.06, 0.05) 0.82
(per 0.33 logio IU/ml higher)
Age (per 8 years older) -0.19 (-0.37, -0.02) 0.03 -0.06 (-0.20, 0.09) 0.45 0.07 (0.004, 0.14) 0.04
Female -0.25 (-0.78, 0.27) 0.35 0.17 (-0.25, 0.59) 0.43 -0.10 (-0.32, 0.12) 0.38
BMI (per 2 kg/m? higher) -0.09 (-0.23, 0.05) 0.21 0.01(-0.11, 0.12) 0.93 0.04 (-0.005, 0.09) 0.08
Baseline DAA resistance -0.05 (-0.54, 0.45) 0.85 0.33 (-0.09, 0.75) 0.12 -0.27 (-0.47, -0.06) 0.009
HIV positive 0.17 (-0.39, 0.74) 0.55 -0.32 (-0.76, 0.12) 0.15 -0.03 (-0.21, 0.16) 0.79
Current substance abuse 0.59 (-0.23, 1.41) 0.16 0.16 (-0.44, 0.76) 0.61 -0.15(-0.47,0.17) 0.37
Current depression 1.05 (0.25, 1.85) 0.01 0.50(-0.10, 1.10) 0.10 -0.25 (-0.54, 0.04) 0.09
DAA resistance at failure -0.36 (-0.86, 0.14) 0.15 0.22 (-0.19, 0.63) 0.30 -0.06 (-0.23, 0.11) 0.52
Fibroscan score (per 0.9 kPa higher) 0.22 (0.02, 0.43) 0.04 0.12 (-0.04, 0.29) 0.16 -0.04 (-0.11, 0.04) 0.38
ALT (per 28 1U/I higher) -0.09 (-0.22, 0.04) 0.17 -0.11 (-0.21, 0.01) 0.03 -0.01 (-0.06, 0.05) 0.79
AST (per 13 IU/I higher) -0.03 (-0.16, 0.10) 0.62 -0.06 (-0.16, 0.05) 0.29 -0.02 (-0.08, 0.03) 0.36
ALP (per 14 1U/I higher) -0.24 (-0.43, -0.06) 0.009 -0.01 (-0.16, 0.13) 0.88 0.06 (-0.01, 0.13) 0.12
Albumin (per 2 g/l higher) 0.09 (-0.05, 0.24) 0.21 0.001 (-0.11, 0.1) 0.99 -0.03 (-0.08, 0.02) 0.29
Creatinine (per 10 umol/I higher) 0.12 (-0.02, 0.27) 0.10 -0.03 (-0.15, 0.09) 0.59 -0.01 (-0.06, 0.05) 0.85
Bilirubin (per 2 umol/I higher) 0.02 (-0.15, 0.19) 0.80 -0.08 (-0.21, 0.05) 0.23 -0.02 (-0.07, 0.04) 0.58
FIB-4 (per 0.35 higher) -0.13 (-0.30, 0.04) 0.15 -0.03 (-0.18, 0.11) 0.64 0.03 (-0.05, 0.11) 0.44
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Table 3.5: Multivariable associations between factors and viral load kinetics (Participant N=65, VL N=198)

Peak/slopes (logio IU/ml) (95% Cl) p-value
Fixed effects at the reference category
Peak/model intercept 6.00 (5.76, 6.23) <0.001 - -
First slope (increase per week) 0.35(0.14, 0.55) <0.001 - -
Second slope (increase per week) -0.05 (-0.12, 0.01) 0.12 - -
Associated factors Change in peak (logio IU/ml) (95% Cl)  p-value Change in first slope p-value

(logio 1U/ml) (95% Cl)

Trial: SEARCH-1 vs STOP-HCV-1 1.09 (0.61, 1.58) <0.001 - -
Received ribavirin 0.28 (0.04, 0.51) 0.02 - -
Timing of previous visit (per extra day, at 28 days) -0.01 (-0.03, 0.01) 0.39 -0.04 (-0.06, -0.02) <0.001
>LLOQ HCV VL at EOT -0.50(-0.81, -0.19) 0.002 - -
IL28B: CC vs CT/TT -0.03 (-0.32, 0.26) 0.83 0.39 (0.04, 0.74) 0.03
Baseline HCV viral load (per 0.33 logio IU/ml higher,vs  0.26 (0.19, 0.32) <0.001 - -
6.04 logio 1U/ml)
Baseline DAA resistance -0.97 (-1.30, -0.63) <0.001 - -
Fibroscan score (per 0.9 kPa higher, vs 4.8 kPa) 0.14 (0.05, 0.24) 0.003 - -
Random effects Variance/covariance (95% Cl)
Variance of the peak/intercept 0.01 (0.0003, 0.20)
Variance of the first slope 0.27 (0.16, 0.46)
Correlation between the peak/intercept and the first 1(-1,1)*
slope

*Correlation and wide confidence interval due to large decrease in variability in the intercept (estimate of covariance 0.05 (95% Cl -0.04, 0.13)). Estimates for fixed effects similar
to those in model without random effect for the intercept.
Note: For continuous factors, the reference is the median value of the factor in the dataset.
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Those who had a shorter time between the treatment failure visit and the preceding VL
measurement had a faster rate of increase in their VL between the treatment failure visit and
the estimated peak at 2.14 weeks: for those with a previous VL 7 days before their treatment
failure visit VL increased by 1.19 (95% Cl 0.74, 1.63) logio IU/ml per week, for those with a VL
28 days earlier by 0.35 (95% CI 0.14, 0.55) logio IU/ml per week and for those with a VL 35 days
earlier by 0.07 (95% Cl -0.20, 0.33) logio IU/ml per week. VL increased in those with IL28B
genotype CC by 0.39 (95% CI 0.04, 0.74) logio IU/ml per week faster than those with TT/CT.
Neither factor was associated with peak rebound VL and no factor was associated with a
change in VL after the peak VL. There was still a large amount of variance in the slope from the
initial to the fixed peak VL between the participants (0.27 (95% Cl 0.16 0.46) from 0.39 in the
model without covariates) so although some heterogeneity can be explained by the timing of
the preceding VL measurement before failure and IL28B genotype, there are other factors not
tested for or selected in the model that would also explain the variation between participants.
After adjusting for all factors, there was no longer any evidence of a change in VL after it had

rebounded to its peak (p=0.12).

Comparing observed baseline HCV VL with estimated peak rebound VL in each participant
(Figure 3.8), there was strong agreement between the two values (spearman’s rho = 0.76).
Where there was a larger disagreement between the values, participants generally had a lower

predicted peak rebound VL than their baseline VL.

As well as not including ribavirin in the treatment regimen, SEARCH-1 differed from STOP-HCV-
1 by excluding those coinfected with HIV but allowing for the inclusion of those with HCV
genotype 6. Including HIV in the adjusted model did not alter the estimate for being in
SEARCH-1 (1.12 vs 1.09) and there was no evidence of an association between HIV and HCV
peak rebound VL (p=0.45). However, including HCV genotype did alter the association between
trial and peak VL reducing the effect with slightly weaker evidence for the effect of trial (0.73
(95% C1 0.14, 1.31) p=0.02) and there was weak evidence of an association with genotype 6
and peak rebound VL (0.56 (95% CI 0.01, 1.11) p=0.047 vs 1a; no evidence of an effect for 1b vs
1a-0.18 (95% Cl -0.59, 0.23) p=0.38).

In the STOP-HCV-1 trial, taking ribavirin was associated with fewer emergent resistance
associated substitutions in those who failed and this association may explain the effect of
ribavirin on peak VL. When ribavirin was replaced with having resistance to prescribed DAAs at
treatment failure, there was a trend towards a lower peak rebound VL in those with resistance

mutations of a similar magnitude to the effect of ribavirin (-0.30 (95% Cl -0.65, 0.04) p=0.09).
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Of the laboratory results that were tested for inclusion in addition to the model in Table 3.5,
only baseline pre-treatment ALT and albumin were selected. Those with higher ALT had slower
initial increases from initial treatment failure to peak (-0.10 (95% Cl -0.19, -0.02) for every 28
IU/1 higher, p=0.02), but there was no evidence of a difference in the peak rebound VL
(p=0.32). Baseline albumin only affected the peak rebound VL with a 0.07 (95% Cl 0.01, 0.14)
logio lU/ml higher peak for every 2 g/l higher albumin. Adding ALT and albumin to the model
did not change the estimates or strength of evidence of any other factor substantively.
Comparing the models overall, adding ALT and albumin only improved the model slightly (AIC
497.70 vs 502.68).

Predicted peak rebound VL (log10 IU/ml)

T T T
4.5 5 5.5 6 6.5 7 7.5
Baseline VL (log10 IU/ml)

Figure 3.8: Observed baseline viral load and estimated peak rebound viral load

Note: Red line is y=x, when baseline VL and rebound peak VL are equal.

3.5 Discussion

Only one patient characteristic was associated with both rebound kinetics and time to failure:
participants with a higher baseline HCV VL were more likely to fail and/or failed faster and had
a higher peak rebound VL when they did have a treatment failure. Factors that had no
evidence of effect on viral kinetics but were associated with a longer time to treatment failure
were being younger and having HCV genotype 1b. Peak rebound VL was higher in those with
no baseline DAA resistance, a higher Fibroscan score and who had <LLOQ HCV RNA at EOT.
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Participants with IL28B genotype CC had faster viral rebounds than those with genotypes CT or
TT. Treatment options also had an impact on the kinetics and timing of rebound: participants
who took ribavirin had a higher peak rebound VL and participants who took more days of
treatment had a longer time until treatment failure. Another aspect of trial design, the time
between visits before treatment failure was detected, also had an effect on the speed of viral

rebound.

The trial a participant was enrolled into was identified as a factor affecting both viral load
kinetics and time to treatment failure. As well as the different trial designs which were partly
included in the models (ribavirin in the kinetics model, days of DAA treatment in the time to
failure model), this also represented potentially many other factors that were either measured
and not included (for example adherence to trial drug which was higher in SEARCH-1 (10% of
participants reported missing at least one dose vs 28% in STOP-HCV-1, unpublished data) or
which DAAs the participant received) or were not able to be measured. It may also at least
partly represent other factors specific to each trial that were part of the model selection
process that were not chosen in the final multivariable model, such as HIV and HCV genotype
for the VL kinetics model. For HCV genotype specifically, when this was added to the model of
viral load kinetics, the effect of being enrolled in SEARCH-1 on peak rebound VL was smaller
indicating that in the selected model the effect of genotype 6 may be being included within the

effect of the trial, potentially due to small numbers and limited power.

It is well known that short-course treatment has lower cure rates than full length treatment
(78) and within this dataset almost all participants who took 56 days of treatment cured
(108/114, 95%); the reasons for this also explain why a longer treatment length was associated
with less and/or later treatment failure. As the first phase of viral load decline happens so
quickly with DAA treatment (67), it is only the second phase that is limited by the use of short-
course treatment. As the second phase is when infected cells die, shortening the time for this
process means that an inadequate number of cells are removed to prevent viral rebound from
happening. The number of infected cells remaining will then influence when rebound occurs.
The fewer infected cells remain, the longer it will take for the number of infected cells to
increase such that the levels of virions they produce to become detectable in laboratory tests

and for treatment failure to be observed.

Being infected with HCV genotype 1b was associated with a lower failure rate and longer time
until treatment failure in the analysis and was also associated with SVR12 in Chapter 2. In
addition, previous research has shown an association with SVR12 (45) and in another study
limited to those with genotype 1b and <500 IU/ml VL on day 2 of treatment, there was a 100%

SVR12 rate after only 3 weeks of treatment (41). It is likely that patients infected with HCV
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genotype 1b need fewer days of treatment than those with 1a and so when given short-course
treatment are either more likely to have cured or be closer to cure and have fewer infected
cells from which the VL can rebound from, thus lengthening the time until detectable
treatment failure, compared to similar patients with genotype 1a. There was no evidence of an
association between genotype 1b and rebound kinetics: this may be due to a genuine lack of
difference in rebound kinetics compared to genotype 1a, but may also be due to a lack of
power as fewer participants were included in the analysis of rebound kinetics compared to

SVR12 and time to treatment failure.

The association between being older and a shorter time until treatment failure/more likely to
fail may be explained by the effect of age on the immune system. As patients age, the ability of
T cells to respond to infection and remove infected cells declines. In patients with chronic HCV
infection, T-cells are also impaired by immune exhaustion, which occurs due to prolonged
exposure to HCV antigens; during DAA treatment this exhaustion is reversed and the T-cells
contribute to viral load decline (79). If the patient’s T-cells are additionally impaired by age,
then functionality will not return to that of a younger patient and viral load decline will be

slower and longer treatment will be needed to ensure cure.

It would be expected that those with higher baseline VLs had higher peak rebound VLs. While
there was not an exact correspondence between baseline and peak (a 0.33 logio IU/ml
increase at baseline led to a 0.26 logio IlU/ml increase at the peak), the difference was not
large. It may be that the timing of when the peak occurs is later than the 2.14 weeks fixed in
the model in those with higher baseline VLs, as the VL needs to rebound higher to reach the
pre-treatment level, and if a later peak was assumed for these participants than a larger
association with peak VL would be estimated. However, if the peak was later in those with
higher baseline VLs, it would be expected to see a difference in the change in VL post the fixed
peak at 2.14 weeks compared to those with lower baseline VLs, but there was no evidence of
this (p=0.79). It may also be the case that peak VL is smaller than baseline VL and that
treatment impairs the ability of the virus to reach the same levels of VL, even if ultimately the
participant did not cure on treatment. It might also be expected that those with higher
baseline VLs would experience treatment failure earlier after EOT: those with higher baseline
VLs are known to need longer lengths of treatment and all participants received treatment
shorter than the recommended length (maximum length of 8 weeks compared to standard

length 12 weeks).

Participants with resistance to prescribed DAAs at the initiation of treatment had lower peak
rebound VLs than those who did not. Although the mutations made the virus less susceptible

to DAAs, this may have come with a fitness cost that limited the ability of the virus to replicate,
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which would lead to lower levels of virus and a lower peak rebound VL. This may also explain
the association with ribavirin, which was associated with higher peak rebound VL. In the STOP-
HCV-1 results, participants who took ribavirin were significantly less likely to develop a new
resistance mutation to DAAs, and NS5a inhibitors in particular, than those who did not (27),
and so by the time of treatment failure it is expected that those taking ribavirin were less likely
to have resistance to prescribed DAAs. When ribavirin was replaced in the model with
resistance to DAAs at treatment failure, there was a trend towards an effect of similar
magnitude, but a decrease in peak VL instead of an increase. This strengthens the hypothesis
that the effect of ribavirin might be related to lower rates of DAA resistance, and the fact that
the model happened to select ribavirin rather than DAA resistance related to chance. Although
baseline DAA resistance was also associated with treatment failure in the model in Chapter 2,
it was not associated with a higher failure rate/time to treatment failure here. This may be
because of the inclusion of participants in STOP-HCV-1 who took 8 weeks of treatment and
SEARCH-1 participants: while the prevalence of DAA resistance was only slightly higher in those
receiving 8 weeks compared to 4-7 weeks (18% vs 11%), there was far higher levels of DAA

resistance in those enrolled into SEARCH-1 (92% vs 14% overall in STOP-HCV-1).

A higher peak rebound VL was also associated with a higher Fibroscan score. Fibroscan
measures the level of inflammation or fibrosis in the liver and a higher peak VL suggests that in
these participants it was more likely to be a measure of inflammation, as fibrosis may mean
less tissue in the liver for the virus to infect and replicate within, which may have led to lower
peak rebound VLs. Higher levels of inflammation would indicate higher levels of infection
within the liver and therefore the VL is more likely to rebound to a higher level than those with

lower levels of inflammation.

Although having a >LLOQ VL at EOT was associated with a lower peak rebound VL, it is more
plausible that the estimated time of the peak rebound VL is incorrect in those patients who
were >LLOQ at EOT and so the VL being estimated at that time point is a different point in the

rebound trajectory than for those with <LLOQ VL at EOT.

Having a shorter time between the first visit indicating a treatment failure and the preceding
VL measurement was associated with a faster rebound to peak VL, which is likely due to when
the treatment failure was detected within the rebound trajectory. Although log viral load
rebound was modelled as a linear change over time, it is unlikely to follow a constant, linear
increase from the initial time of treatment failure to the peak rebound VL. If the time between
VL measurements is shorter, treatment failures may be more likely to be detected in their
initial stage, whereas for those with longer times between VL measurements the treatment

failure may be more likely to be detected close to, or possibly even at, the peak of its rebound
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and it is reasonable to assume that the rate of increase in VL at these two scenarios is

different.

The difference in the rate of increase in VL between those with IL28B genotype CC and non-CC
may also be explained by treatment failure being detected in a different part of the rebound
trajectory and that the estimated time of the peak occurring 2.14 weeks after the initial failure
VL may be incorrect for those with genotype CC. As those with genotype CC have a stronger
immune response to HCV, a faster rebound appears counterintuitive. However, this stronger
immune response may also alter the timings of the rebound trajectory and so the change in VL
from treatment failure to 2.14 weeks is not covering the same period in the rebound trajectory
in both genotype groups. Although IL28B was associated with SVR12 in Chapter 2 and with
viral load kinetics here, it was not associated with time to treatment failure. The significance
threshold for selection in the kinetics and time to treatment failure models was lower than
that for the binary failure outcome (p=0.157 vs 0.05). When the higher significance threshold
was used for selection for the time to treatment failure model, IL28B genotype CC was
associated with a lower risk of failure or longer time until treatment failure (HR 0.63 (95% Cl

0.36, 1.11) p=0.11).

Only two laboratory measures were selected for inclusion into the previously chosen model for
viral load rebound. Higher levels of albumin were associated with higher peak rebound VL and
higher ALT levels were associated with a slower change in VL from treatment failure to peak
rebound VL. Low levels of albumin can indicate liver disease and, in these patients, a lower
rebound VL might be expected due to fibrosis. However, albumin levels in the trial participants
were within the normal range and, by inclusion criteria, all participants had mild liver disease
so this is unlikely to be the case here. Higher ALT levels indicate liver inflammation, but it is
unclear how this would lead to a slower rebound in VL. As a large number of factors were
tested and already previously chosen for the model, it may be that these laboratory measures
were selected by chance or that with the inclusion of these factors the model is overfitting to

the small sample size.

Although no factors were associated with a change in VL after peak rebound VL, the inclusion
of the time between the treatment failure VL and the preceding VL measurement in the model
reduced the size of the estimated change in VL per week after the peak and the strength of the
evidence of an effect (p=0.04, 0.12 in the overall, unadjusted model and fully adjusted model,
respectively). It is therefore likely that the effect in the unadjusted model is due to differences
in the timing of the peak VL and once this has been partially adjusted for by the timing of the

preceding VL measurement there is no evidence of change in VL post peak.
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One strength of this analysis is that for the VL kinetics model, most of the variability in peak
rebound VL between participants was explained by the factors selected in the model
suggesting that the key factors have been identified. Although the reduction in variability in
the slope from treatment failure to peak was smaller, this aspect of the rebound in VL is much
more susceptible to the timing and frequency of VL measurements and would require
additional analysis to account for these differences. Future work on the kinetics model could
utilise a Bayesian approach that considers the timing of the peak rebound VL as a random
effect, which would allow for both an estimate of the timing of the peak VL after initial failure
VL as well as allowing it to vary between participants. An additional strength is that for both
models, most factors were either expected from previous research or have been identified in

other models within this thesis.

In common with the previous chapter, one weakness of this analysis is the small sample size,
particularly for the analysis of the VL kinetics. However, all published trials examining short-
course HCV treatment to date have been small and, comparatively, this sample is of a
reasonable size and has been able to identify at least some associated factors. Future work
could incorporate data from the VIETNARMS trial (described in Chapter 5), which is currently in
progress with follow-up due to complete Autumn 2023, to increase the sample size and allow

for the development of a more stable model, if enough treatment failures occur.

Another weakness is the sparse sampling through the 4-weekly post-EOT visit schedule in the
STOP-HCV-1 trial, and similarly from 4 weeks post EQT in the SEARCH-1 trial. This means for
some participants their treatment failure was detected later in their rebound trajectory than
for others which adds complexity to the interpretation of the models. However, to detect
treatment failure close to the actual time point would require intense visit scheduling and

testing which may not be palatable for trial participants.

A potential limitation is that this analysis was performed on the complete case data only and
multiple imputation was not used due to the complexity of the models and the lack of
standard methods; any use of multiple imputation would likely require a separate piece of
methodological work to verify. Of the models selected, there was no missing data in the
factors selected for the time to treatment failure model and data was not included from only
four participants in the kinetics model due to missing data. Therefore, estimates using multiple
imputation would either be the same or likely to be similar to those from the complete case
data. However, it may have had a larger impact on factor selection. Two factors that were a
priori important that also had large amounts of missing data were baseline resistance to DAAs
and IL28B genotype: these two factors were selected for the kinetics model so using Ml data

would likely not impact factor selection for this model, but as they were not selected for the
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time to treatment failure model, it is possible they may have been included if data was not

missing.

A weakness of the viral load rebound model is that it assumed a linear increase in VL rebound.

Further analysis could explore models that account for non-linear increases in VL.

In the analysis of time until treatment failure, | chose to measure the intervals in which the
failure occurred from the last known VL and in the kinetics model | chose to model the VL
rebound from treatment failure, but for both models | could have used the most recent
undetectable VL measurement instead. For participants who met the first definition of
treatment failure (listed in Section 1.5.1), which defines treatment failure as having two
consecutive VL>LLOQ after two consecutive visits of VL<LLOQ, there are no intermediate
detectable results between the last undetectable result and treatment failure and the analysis
is exactly the same. For participants who met the second definition, two consecutive VL
measurements that are >1logyo increase above nadir on treatment and >2000 IU/ml, it is
possible that they did have an intermediate detectable VL <2000 IU/ml between their last
undetectable VL and treatment failure. There were 18/69 (20%) participants who met the
second definition, of which 8 (12% of total number of treatment failures) who did have one
intermediate VL and 10 who did not, so overall there may not have been a large effect on the

estimates.

For the time to treatment failure analysis, measuring the intervals from the last undetectable
VL rather than the last known VL would have widened the intervals in the 8 participants with
an intermediate VL measurement so any change would have led to less precise results. In the
kinetics model, it could be argued that, although participants had not yet met the definition for
treatment failure, they had started to rebound so these measurements should be included; an
analysis including these measurements could be performed to see how influential they are.
However, once participants had a VL that could indicate potential treatment failure, they could
be recalled by their study site earlier than expected for the confirmatory VL, whereas the visit
schedule would continue as planned if a participant had a detectable VL <2000 IU/ml. So
including these intermediate VLs could lead to even greater variability in the timing of peak
rebound VL from the first VL included in the model and would need to be modelled using

Bayesian techniques as described above.

| also chose to censor viral load trajectories after the first retreatment visit or 10 weeks from
the treatment failure VL, whichever came first, but | could have included all VLs measurements
up to the retreatment DO result. It is possible that the VL trajectory would have behaved

differently past the 10-week time point and that may have provided more information about
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the trajectory overall. However, the number of VL measurements past this time point was
small so any results would be more susceptible to outliers and may not provide accurate or
generalisable results. Additionally, if a participant had results past 10 weeks, this was due to
delayed clinic visits, and not due to having more VL tests, and so these participants lacked data

earlier in their VL trajectory.

Despite the weaknesses, this is an important analysis as it is the first to look at viral load timing
and rebound kinetics. Further analyses with data from other trials, either by building new
models to compare against those developed here or validating these models will be important
in helping to identify those patients suitable for short-course treatment and how short it

should be.

3.6 Key findings

e Taking longer treatment, HCV genotype 1b, a lower baseline HCV VL and being
younger were independently associated with a longer time from EOT until VL rebound
and treatment failure combining data from the STOP-HCV-1 and SEARCH trials.

e Taking ribavirin, having HCV RNA <LLOQ at EOT, a higher baseline HCV VL, no baseline
resistance to prescribed DAAs and a higher Fibroscan score were independently
associated with a higher peak rebound VL, while having IL28B genotype CC increased
the speed of rebounding HCV VL.

e Peak rebound VLs were largely similar or if anything slightly lower than baseline VLs.
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4 The quality of life of participants in a short-course treatment trial

4.1 Introduction and aims

The overall goal of this chapter was to explore how quality of life (QoL) was affected by DAA
treatment within the STOP-HCV-1 trial. Participants completed questionnaires assessing Qol at
enrolment/day 0 (DO0), end of treatment (EOT) and 12 weeks after completing treatment
(EOT+12) visits on both first-line and any retreatment and this allowed for an examination of

Qol at different stages within the trial.

The first aim was to investigate the impact of different lengths of DAA treatment, adjunctive

ribavirin and the impact of cure itself, on QoL.

Ribavirin was an important factor to consider as it is known to cause adverse events and not
be particularly well tolerated by patients when used with PEG-IFN. However, within short-
course treatment it may be better tolerated due to the shorter treatment length. Although
DAAs are generally well tolerated by patients, shorter treatments may still be associated with
better QoL than standard length treatments, which could encourage treatment adherence in

hard-to-treat populations.

QoL was examined at both EOT and EOT+12/day O of retreatment (RT DO): at EOT a large
proportion of participants were virologically suppressed and may have started to see physical
improvements in their QoL from the treatment; at EOT+12/RT DO participants would have
either known they had failed or been largely confident they had cured and this may have
impacted their mental QoL negatively or positively, respectively, as well as any potential

continuing physical QoL improvements from treatment failure or being cured.

The second specific aim was to assess the impact of anaemia on QoL within the trial. Anaemia
is a common adverse event with ribavirin that is also known to reduce QoL and may have

mediated or explained any overall impact of ribavirin on QoL.

4.2 Background

4.2.1 Methods for measuring quality of life

Three methods for assessing QoL were used in the STOP-HCV-1 trial: the EQ-5D-5L, the MOS-
Cog and the SF-12. The EQ-5D-5L (80) has a descriptive system that measures health-related
Qol in five areas (or dimensions) of health (mobility, self-care, usual activities, pain, anxiety)
on a 5 point scale (no problems, slight problems, moderate problems, severe problems, unable
to/extreme) with an additional visual analogue scale (VAS) where participants are asked to

rate how their health feels today on a scale from 1-100 (100 = perfect health).

108



The Medical Outcomes Study Cognitive Functioning Scale (MOS-Cog) (81) assesses the
frequency of cognitive issues that affect quality of life. The six questions cover a range of
cognitive behaviours (reasoning, memory, attention, concentration, confusion, reacting) on a

six point scale (all, most, a good bit, some, a little, or none of the time).

The 12-Item Short Form Health Survey (SF-12) (82) consists of 12 questions covering 8 health
concepts (physical functioning, role-physical, bodily pain, general health, energy/fatigue, social
functioning, role-emotional, mental health) with a variety of scales used, depending on the
question being asked. Two summary scores can be generated, a Physical Component Summary
(PCS) and a Mental Component Summary (MCS), using the weights recommended in the

physical and mental scales (83).

4.2.2 Impact of treatment and cure on quality of life measures

It is well documented that patients living with HCV report having clinically significant lower
Qol than healthy individuals (84). Evidence from studies looking at treatment with either PEG-
IFN or DAAs show that, overall, patients who receive treatment, and particularly those who
cure, have better QoL than those HCV patients who do not, and that the former can have QoL
comparable to healthy controls (85-88). Even though treatment with PEG-IFN is associated
with an improvement in QoL after treatment has ended, there may be lasting adverse effects
from PEG-IFN. Treatment with DAAs is now standard of care with shorter duration of
treatment than with PEG-IFN, lower toxicity and better safety profiles. DAA therapy has been
associated with better QoL than those receiving PEG-IFN (87, 89), particularly during
treatment, and the rest of this section will focus on studies using DAAs. My search of the
literature included both observational studies as well as clinical trials and was not limited to
settings or calendar years. The only restrictions on the search were to only look for studies

using DAAs and then this was limited to short-course DAA therapy only.

Assessing QoL using the SF-36 (an expanded version of the SF-12 consisting of 36 questions),
nearly all studies saw a significant increase associated with successful treatment in the PCS
score (only one did not (90)). However, the evidence for an improvement in MCS and, in
studies with more detailed analysis, in each of the eight areas that make up the survey was
mixed. For the MCS score, all studies reported a decrease during treatment and at EOT
compared with baseline, although this was not always significant; two studies reported a
significantly improved MCS at EOT+12 compared to baseline (91, 92). Three studies reported
improvements in all eight areas comprising the MCS and PCS either at EOT or at follow-up post
EOT (91, 93, 94), two reported improvements in all but one or two areas (95, 96) and two
reported an improvement in only a small number of areas (97, 98). The most common area not

to see an improvement was pain, with three studies either reporting no change or a significant
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worsening from baseline. All studies reported a significant improvement in energy and all but
one reported a significant improvement in general health. Although most studies have
reported results based on statistical significance, studies using data from the German Hepatitis
C-Registry defined a clinically meaningful improvement in the PCS and MCS scores as an
increase of 2.5 points. They reported that 41.2-41.7% of patients had a clinically meaningful
increase in PCS and 53.8-54.7% in MCS, but that these percentages were higher in patients

with active drug use and psychiatric disorders (99, 100).

Assessing QoL after achieving cure using the EQ-5D-5L, all studies saw significant
improvements from baseline in the mobility, pain, anxiety or depression components and the
related summary index, with no study reporting a significant change in problems with self-
care. Two of the studies also saw significant improvements in carrying out usual activities (101,
102), while the third also saw a significant improvement in the VAS (103). In studies examining
the effect of cirrhosis, most found evidence of a difference in QoL scores between those with
and without cirrhosis with larger improvements in QoL scores in cirrhotic patients who had

lower baseline Qol scores (91, 92, 94, 101, 103).

The positive effect of treatment and SVR on QoL has also been shown to occur in key sub-
groups of HCV patients, including in patients coinfected with HIV (91), people who inject drugs

(102) and in patients with liver transplants (93).

Not all studies included ribavirin in the treatment regimen or reported its effect, but those that
did showed a decline in QoL during the initial weeks of ribavirin-containing treatment; while
some studies found that QoL scores returned to baseline or higher before EOT (92, 104),
others showed a decline in QoL scores that persisted until EOT (90, 105) or beyond EOT
(ribavirin data was not reported by SVR12 status) (100). In all cases, QoL scores in those taking
regimens including ribavirin were significantly lower than those taking ribavirin-free regimens
at both EOT and at any post-EOT measurements. No study controlled for anaemia in the
analysis of ribavirin, so it is unclear whether any negative impacts are simply due to anaemia
or other adverse effects from the drug. However, one study did not find an association
between decline in QoL score and decrease in haemoglobin (90). The negative effects
associated with ribavirin occurred both when taken with PEG-IFN and with DAAs. Four of the
five studies testing the effect of ribavirin found it impacted the MCS (90, 100, 104, 105) and

three found an association with a decreased PCS (100, 104, 105).

| could not identify any literature to date examining the effect of short-course DAA treatment

on Qol compared to standard length DAA treatment.
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4.3 Methods

In STOP-HCV-1, participants who experienced a treatment failure before EOT+12 weeks were
not expected to attend the EOT+12 visit and so QoL data is missing at this timepoint. For
participants with treatment failure, the data from their RT DO visit can be compared against
the EOT+12 data for those who cured on first-line treatment, but it is important to note that
both groups would have either known or been reasonably confident of their status (failed vs
cured respectively) at the point they completed these questionnaires. Specifically, although
cure will not have been confirmed at the time participants completed the QoL questionnaires
at EOT+12, they will have attended visits at EOT+4 and EOT+8 and been aware that their HCV
viral loads at these visits will have been suppressed and so they were likely to be cured. Of the
participants who attended the EOT+12 visit, only two experienced treatment failure at EOT+12
with another two failing first-line treatment at EOT+24 (who therefore achieved SVR12 and are
considered as cured in this analysis, both randomised to 8 weeks fixed duration treatment
without ribavirin under VUS1). This is in contrast to participants at their EOT visit who would
not have even been aware of their final treatment viral load and so would have no knowledge

about their chance of ultimately being cured.

For the analysis of the EQ-5D-5L questionnaires, a single summary value covering the five
dimensions was created using the EQ-5D-5L value set for England (106). In the descriptive
system, the questions are ranked such that a higher score is worse QolL, but for this analysis
the scales have been inverted to allow for easier comparisons with the other questionnaires
(so higher score is better QoL consistently throughout). For analysis of the MOS-Cog
guestionnaires, the responses were transformed to an overall summary score on the range 1-
100 (100 = perfect health) by ranking the scales from 1-6 (6 = none of the time), converting this
rank to a score by the formula (rank — 1)*20 for each question and then summing the scores of
all questions, as recommended by the User Manual. Due to the large number of questions on
the SF-12, only the physical (PCS) and mental (MCS) summary scores have been analysed post-

baseline here.

Analysis of QoL scores at both EOT and EOT+12/RT DO was performed with data from all
available participants apart from three participants in the fixed duration arm who took
substantially shorter treatment than randomised (27, 32, 40 days rather than 56 days) and
subsequently failed on first-line treatment. The maximum number of participants included in a
comparison was 192. Only 3 participants were LTFU before their EOT+12 visit and all
participants with a recorded treatment failure returned to start retreatment and so the impact
of missing data on the results was considered minimal and data was performed on complete

cases.
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Univariable analyses compared answers to categorical questions using chi-squared tests or
Fisher exact tests as appropriate; continuous summary scores were analysed using rank sum
tests. For multivariable analyses, ranked scores from the EQ-5D-5L and MOS-Cog
guestionnaires were analysed using ordinal logistic regression because of the limited number
of values taken. The summary scores of the EQ-5D-5L and MOS-Cog questionnaires were
distributed such that there was a larger proportion of participants scoring perfect QoL than
expected from the rest of the distribution. To accommodate this, these scores were analysed
with two-part regression models consisting of logistic regression for whether a participant
reported perfect QoL vs not and beta regression for analysing the summary score of those not
reporting perfect QolL. The EQ-5D-5L patient reported VAS and the MOS-Cog summary scales
were converted from a 0-100 scale to a 0-1 scale to allow for modelling using the beta
distribution, with 1 indicating perfect health. The summary scores from the SF-12 were
normally distributed and so were analysed using linear regression. Each model was adjusted
for ribavirin randomisation, duration randomisation, VUS strategy, whether the participant

achieved SVR12 and the baseline value of the QoL score.

As anaemia is a common adverse event from taking ribavirin, the effect of having anaemia on
QoL was also investigated by including a term for anaemia in the model for QoL at EOT
described above. Participants were considered having anaemia if their EOT haemoglobin was
<12g/dl for women and <13g/dl for men. Sixteen further participants had anaemia using this
definition at a timepoint before EOT, without also having anaemia at EOT (all grade 1). The
effect of having anaemia was not assessed at EOT+12/RT DO as any anaemia at this time point
is unlikely to have been caused by treatment and in analysis of the trial there was no
difference in haemoglobin levels at EOT+12 between those randomised to receive ribavirin and
those not, whereas there was an -1.67g/dl (95% Cl -1.92, -1.43) difference at EOT (27). This
model estimates the direct effect of having anaemia at EOT on QoL at EOT; in this model any

effect of ribavirin is the residual effect not mediated through the presence of anaemia.

There were a large number of tests performed; on each of the 19 QoL measures (28 at baseline

due to comparing the separate components of the SF-12), | compared at three time points:

e Fixed vs variable (VUS1/VUS2 combined) (randomised comparison so any differences
at baseline must be due to chance)

e VUS1vsVUS2

e  Ribavirin vs no ribavirin (randomised comparison)

e Cured vs failed (SVR12)

e Having anaemia vs not having anaemia (at EOT only)
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Despite the large number of tests, a significance level of 5% was used to present results, rather
than an artificial p-value adjustment which may be conservative as it is highly likely that some
Qol measures were correlated. As the maximum number of participants in each comparison
was 192, power was low. Low power combined with a lack of previous research to provide
information about the effects of short-course treatment on QoL is another reason for p=0.05
as an initial threshold for statistical significance. As power was low, marginal findings (where
0.05>p=20.1) and any relative differences >1.5 or <0.5 in magnitude, regardless of statistical

significance, were also highlighted (and labelled as numeric differences).
All analyses were performed in Stata v16.1.

4.4 Results

4.4.1 Descriptive summary of questionnaire responses (univariable comparisons)

Overall, on the EQ-5D-5L questionnaire, in each of the 5 domains most participants reported
no problems with their health; 42-45% of participants reported no problems in all 5 domains
and therefore had a perfect index value of 1 at each visit (Table 8.1, Figure 4.1). When asked to
rate their health on the VAS, the health score was lower with only 8-13% reporting a perfect
score of 100 and median (IQR) VAS score of 85 (75, 95) at baseline and at EOT+12/RT DO and
90 (75, 90) at EOT (Figure 4.2). However, the percentage reporting no problems varied
substantially across the five domains (Figure 4.3): at baseline 93% reported no problems with
self-care whereas only 59% reported no problems with anxiety/depression; similar patterns of

reporting were seen at EOT and EOT+12/RT DO.

There was no evidence of a difference in the responses to the domain questions and the VAS
score reported by participants at all three visits between those who cured on first-line
treatment and those who experienced treatment failure and between those who received 8
week fixed length treatment and those who received variable 4-7 week treatment (p>0.12).
Given the number of tests performed, there was weak evidence that participants randomised
to VUS2 were more likely to report no problems with self-care and pain at EOT+12/RT DO than
those who received VUS1 (p=0.03 and p=0.04 respectively). Similarly, those who received
ribavirin were more likely to report problems with performing their usual activities at EOT
(p=0.02), and less likely to report problems with mobility and pain at EOT+12/RT DO than those
who did not receive ribavirin (p=0.03 and p=0.04 respectively). There was no evidence of
differences between those randomised under VUS1 or VUS1, and those receiving ribavirin or

not in other domains or on the VAS (p>0.13).
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treatment

On the MOS-Cog questionnaire, most participants reported either having no problems or
having problems a little bit of the time (Table 8.2, Figure 4.4, Figure 4.5). Fewer participants
reported perfect health on the MOS-Cog than with the EQ-5D-5L with only 19-30% reporting
perfect health, however QoL was still moderately high with median (IQR) scores of 90 (70,
100), 87 (73, 97) and 90 (73, 100) at baseline, EOT and EOT/RT DO respectively. There was
some variability in the responses to each of the questions; at baseline, the lowest percentage
reporting no problems was 39% reporting no problems with forgetting things, and the highest

was 56% reporting no problems with reacting slowly to things.

There was no evidence of a difference in responses to questions at all time points between
those who cured and those who failed on first-line treatment, those who took 8 week
treatment and those who took 4-7 week treatment, and those who received ribavirin and
those who did not (p>0.08). At EOT and EOT+12/RT DO, there was no evidence of difference
between those who took VUS1 and VUS2 (p>0.11) but there were some differences at
baseline: those treated using VUS2 were more likely to report higher levels of difficulty with
reasoning and reacting slowly (p=0.049 and p=0.002 respectively), although numerically similar

percentages reported having no problems.
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On the SF-12 questionnaire (Table 8.3, Figure 4.6), the median (IQR) PCS score was 53 (44, 57),
50 (43, 56) and 53 (45, 56) at baseline, EOT and EOT+12/RT DO respectively. The MCS score
was slightly lower than the PCS at all visits with a median (IQR) MCS of 45 (35, 53), 45 (35, 53)
and 45 (36, 53) at baseline, EOT and EOT+12/RT DO respectively. At all three visits, there was

no evidence of a difference in the MCS and PCS scores across all comparisons.

4.4.2 Effect of short-course treatment on QoL at EOT and EOT+12/RT DO (multivariable
comparisons)
Adjusting for VUS1/VUS?2, ribavirin and SVR12, at EOT, QoL scores were numerically similar or
slightly worse in most areas in those taking 4-7 weeks variable length treatment compared
with those taking 8 weeks fixed length treatment (Figure 4.7a). While there was no evidence of
a difference between the two groups in any area (p>0.10), there was a large numerical
difference in reporting problems with self-care (#2 on figure) and in the proportion reporting
perfect health on the VAS (#8 on figure) with participants receiving 4-7 weeks of treatment
reporting worse QoL in both instances (proportional odds ratio (pOR) 0.34 (95% Cl 0.04, 2.93)
p=0.33 and odds ratio (OR) 0.42 (95% Cl 0.13, 1.40) p=0.16, respectively).

In the equivalent fully adjusted models, at EOT+12/RT DO, there was no evidence of a
difference (p>0.18) between the two groups in any area nor were there any large numerical

differences of potential interest (Figure 4.7b). However, whereas at EOT those taking 4-7
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weeks’ DAAs had numerically similar or slightly worse QoL scores than those taking 8 weeks, at

EOT+12/RT DO some areas showed numerical higher scores compared with those taking 8

weeks.
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Figure 4.7: Difference (95% confidence interval) in quality of life scores at (a) EOT and (b)
EOT+12/RT DO between those taking variable 4-7 week treatment and 8 week treatment
(relative difference >1 and absolute difference >0 means higher QoL at the relevant time
point in those who took variable treatment)

Key: EQ-5D-5L: 1: mobility; 2: self-care; 3: usual activities; 4: pain; 5: anxiety/depression; 6: index score
perfect health vs not; 7: index score continuous scale <1; 8: VAS score perfect health vs not; 9: VAS score
continuous scale <100; reasoning. MOS-Cog: 10: reasoning; 11: forgetting; 12: attention; 13: thinking;
14: confusion; 15: reacting slowly; 16: summary score perfect health vs not; 17: summary score
continuous scale <100.

Note: For 1-5 and 10-15, relative differences are proportional odds ratios, for 6 and 16 are odds ratios
and for 7 and 17 are exponentiated estimates from beta regression (denoted “beta ratios” in main text).

Differences greater than 1 for the EQ-5D-5L and MOS-Cog scores and greater than 0 for SF-12 scores
represent better QoL for those who took variable length treatment.

4.4.3 Effect of VUS1/VUS2 on QoL at EOT and EOT+12/RT DO (multivariable comparisons)
Using the same fully adjusted models, at EOT, QoL scores were broadly numerically similar
between those randomised under VUS2 and those randomised under VUS1: there was no
evidence of a difference in any area (p>0.10) and numerical differences did not generally
favour one group (Figure 4.8a). There was a large numerical difference in the proportion

reporting perfect health on the VAS (#8 on figure), with those randomised under VUS2 having
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over double the odds of reporting perfect health than those randomised to VUS1 (OR 2.19
(95% CI1 0.73, 6.95) p=0.19).
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Figure 4.8: Difference (95% confidence interval) in quality of life scores at (a) EOT and (b)
EOT+12/RT DO between those randomised under VUS1 and those randomised under VUS2
(relative difference >1 and absolute difference >0 means higher QoL at the relevant time
point in those randomised under VUS1)

Key: EQ-5D-5L: 1: mobility; 2: self-care; 3: usual activities; 4: pain; 5: anxiety/depression; 6: index score
perfect health vs not; 7: index score continuous scale <1; 8: VAS score perfect health vs not; 9: VAS score
continuous scale <100; reasoning. MOS-Cog: 10: reasoning; 11: forgetting; 12: attention; 13: thinking;
14: confusion; 15: reacting slowly; 16: summary score perfect health vs not; 17: summary score
continuous scale <100.

Note: For 1-5 and 10-15, relative differences are proportional odds ratios, for 6 and 16 are odds ratios
and for 7 and 17 are exponentiated estimates from beta regression (denoted “beta ratios” in main text).

Differences greater than 1 for the EQ-5D-5L and MOS-Cog scores and greater than 0 for SF-12 scores
represent better QoL for those who were randomised under VUS2.

In the equivalent fully adjusted models, at EOT+12/RT DO, QoL scores were either numerically
similar or higher in those receiving VUS2, apart from some parts of the EQ-5D-5L (Figure 4.8b).
There was evidence of a difference between VUS1 and VUS2 in the EQ-5D-5L index score,
which summarises the 5 domains, with those receiving VUS2 more likely to have a perfect
health index score of 100 than those receiving VUS1 (#6 on figure; OR 2.71 (95% Cl 1.18, 6.19)
p=0.02), but in those that did not have a perfect health score, VUS2 were more likely to have a
lower score (#7 on figure; beta ratio 0.66 (95% Cl 0.48, 0.90) p=0.01). Overall this indicates that
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those receiving VUS2 were more likely to have an extreme score compared to VUS1
participants. Similarly, a numerically higher proportion of participants receiving VUS2 reported
perfect health on the VAS than those receiving VUS1 (#8 on figure; OR 2.25 (95% Cl 0.73, 6.95)
p=0.16). There was also a large numerical difference in problems with self-care (#2 on figure),
with those receiving VUS2 having less than half the odds of reporting fewer or no problems

than those receiving VUS1 (pOR 0.44 (95% Cl 0.12, 1.56) p=0.20).

4.4.4 Effect of ribavirin on QoL at EOT and EOT+12/RT DO (multivariable comparisons)
Using the same fully adjusted models, at EOT, the QoL scores between those who took
ribavirin and those that did not were numerically similar in most areas with no clear distinction
between the two groups (Figure 4.9a). The only area in which there was evidence of a
difference was in performing usual activities (#3 on figure), where those who took ribavirin had
over 60% lower odds of reporting low levels of or no problems (pOR 0.39 (95% ClI 0.19, 0.81)
p=0.01) than those who did not. However, there was a trend for participants who took
ribavirin to report fewer problems with forgetting things (#11 on figure; pOR 1.67 (95% CI 0.97,
2.89) p=0.07). There was also a trend for the PCS and MCS scores on the SF-12 to be lower in
those who took ribavirin with a PCS score -1.91 points lower (95% Cl -4.16, 0.35; p=0.10) and a
MCS score -2.44 points lower (95% Cl -5.10, 0.21; p=0.07) in those taking ribavirin.

In the equivalent fully adjusted models, at EOT+12/RT DO, there was no evidence of a
difference in QoL between those who took ribavirin and those that did not in any area (Figure
4.9b). However, there was a trend for those who received ribavirin to be more likely to report
fewer problems with anxiety or depression than those who did not (#5 on figure; pOR 1.76
(95% Cl1 0.91, 3.37) p=0.09) and for all other domains of the EQ-5D-5L (#1-4 on the figure) there
were large numeric differences between the two groups, whereas the Qol as reported on the
MOS-Cog and SF-12 questionnaires was numerically more similar in both groups. There was a
particularly large difference in those reporting problems with self-care (#2 on figure), with
participants who took ribavirin having over three times the odds (pOR 2.94 (95% ClI 0.79,

10.99) p=0.11) of reporting fewer or no problems than those who did not take ribavirin. Also of
note, although taking ribavirin was associated with more problems with performing usual
activities at EOT, the effect of ribavirin had reversed at EOT+12/RT DO and those who took
ribavirin reported fewer problems performing usual activities (pOR 1.87 (95% CI 0.88, 3.98)

p=0.11), although this was only a numeric difference.
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Figure 4.9: Difference (95% confidence interval) in quality of life scores at (a) EOT and (b)
EOT+12/RT DO between those who received ribavirin and those that did not (relative
difference >1 and absolute difference >0 means higher QoL at the relevant time point in
those who took ribavirin)

Key: EQ-5D-5L: 1: mobility; 2: self-care; 3: usual activities; 4: pain; 5: anxiety/depression; 6: index score
perfect health vs not; 7: index score continuous scale <1; 8: VAS score perfect health vs not; 9: VAS score
continuous scale <100; reasoning. MOS-Cog: 10: reasoning; 11: forgetting; 12: attention; 13: thinking;
14: confusion; 15: reacting slowly; 16: summary score perfect health vs not; 17: summary score
continuous scale <100.

Note: For 1-5 and 10-15, relative differences are proportional odds ratios, for 6 and 16 are odds ratios
and for 7 and 17 are exponentiated estimates from beta regression (denoted “beta ratios” in main text).

Differences greater than 1 for the EQ-5D-5L and MOS-Cog scores and greater than 0 for SF-12 scores
represent better QoL for those who took ribavirin.

4.4.5 Effect of cure on QoL at EOT and EOT+12/RT DO (multivariable comparisons)

Using the same fully adjusted models, at EOT, those who cured had either a numerically similar
or worse Qol, albeit with only a numerical difference rather than with strong supporting
statistical evidence, for most areas (Figure 4.10a). The only area with evidence of a difference
between the two groups was problems with thinking (#13 on figure); those who cured were
less likely to report fewer problems (OR 0.43 (95% Cl 0.20, 0.93) p=0.03). There was a large
numeric difference in those reporting perfect health on the EQ-5D-5L VAS; those who cured
had under half the odds of reporting perfect health than those who did not (#8 on figure; OR
0.46 (95% C1 0.14, 1.54) p=0.21).
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Figure 4.10: Difference (95% confidence interval) in quality of life scores at (a) EOT and (b)
EOT+12/RT DO between those who cured and those who failed first-line treatment (relative
difference >1 and absolute difference >0 means higher QoL at the relevant time point in
those who cured)

Key: EQ-5D-5L: 1: mobility; 2: self-care; 3: usual activities; 4: pain; 5: anxiety/depression; 6: index score
perfect health vs not; 7: index score continuous scale <1; 8: VAS score perfect health vs not; 9: VAS score
continuous scale <100; reasoning. MOS-Cog: 10: reasoning; 11: forgetting; 12: attention; 13: thinking;
14: confusion; 15: reacting slowly; 16: summary score perfect health vs not; 17: summary score
continuous scale <100.

Note: For 1-5 and 10-15, relative differences are proportional odds ratios, for 6 and 16 are odds ratios
and for 7 and 17 are exponentiated estimates from beta regression (denoted “beta ratios” in main text).

Differences greater than 1 for the EQ-5D-5L and MOS-Cog scores and greater than 0 for SF-12 scores
represent better QoL for those who cured.

In contrast, in equivalent adjusted models, at EOT+12/RT DO, those who cured had a
numerically similar or better QoL than those who failed in most areas (Figure 4.10b). There
was no evidence of a difference at EOT+12/RT DO between those who cured and those who
did not in any area (adjusted p>0.10), however there was a large numeric difference in
problems with pain with those who cured having almost double the proportional odds of
reporting less pain than those who did not (#4 on figure; pOR 1.97 (95% Cl 0.89, 4.37) p=0.10).
There were an additional two areas that had large numeric differences at EOT+12/RT DO:
people who cured had almost double the proportional odds of reporting fewer problems with
self-care (pOR 1.97 (95% Cl 0.39, 9.84) p=0.41) and also much higher odds of reporting perfect

health on the VAS (OR 1.76 (95% CI 0.46, 6.80) p=0.41).
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4.4.6 Effect of anaemia on QoL

In total 49 (25%) participants had anaemia at EOT, of which 42 were taking ribavirin and 7
were not; 16 participants had grade 1 anaemia at a previous visit, but this had resolved by EOT.
The majority of participants (n=45) had grade 1 anaemia (10-12g/dl or 13g/dl in women and
men respectively), three had grade 2 anaemia (9.6, 9.8, 9.9g/dl) and one had grade 3 anaemia
(7.4g/dl). Contrary to expectation, in adjusted models, having anaemia of any grade was
associated with higher QoL in two areas of the MOS-Cog questionnaire and the corresponding
summary score at EOT (Figure 4.11). Specifically, those with anaemia had over double the odds
of having fewer problems with reasoning (#10 on figure; pOR 2.73 (95% Cl 1.28, 5.82) p=0.01))
and with reacting slowly (#15 on figure; pOR 2.37 (95% Cl 1.08, 5.23) p=0.03). There was no
evidence of difference between those with and without anaemia for having a perfect MOS-Cog
summary score (p=1.00), but in those with a summary score <1 (#17 on figure) having anaemia

was associated with a 35% higher summary score (95% Cl 1.06, 1.72; p=0.02).

Compared to the model not adjusting for anaemia, there remained no evidence of association
between ribavirin and each of the QoL outcomes for which there was originally no association
(p>0.1). The effect of ribavirin on performing usual activities was similar both when adjusting
for anaemia and when not (pOR 0.40 (95% Cl 0.18, 0.88) p=0.02 after adjustment for anaemia),
suggesting that it was ribavirin and not any related anaemia that impacted participants. There
was originally a trend for those who took ribavirin to report fewer problems with forgetting
things, but there was no evidence for this after adjusting for anaemia (p=0.32). There was also
no evidence that anaemia was associated with fewer problems with forgetting things, however

the numeric difference was large (pOR 1.75 (95% Cl 0.87, 3.55) p=0.12).

Having anaemia was associated with a lower PCS score at EOT, with participants with anaemia
at EOT having a PCS 3.65 points lower (95% Cl 0.77, 6.54; p=0.01) than those who did not.
There was no evidence of a difference in PCS score between those who took ribavirin and
those did not (p=0.61) after adjusting for anaemia, suggesting that the trend towards a lower
PCS score in those who took ribavirin when not adjusting for anaemia is likely due to ribavirin-

related anaemia and not the direct effect of ribavirin itself.
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Figure 4.11:Difference (95% confidence interval) in quality of life scores at (a) EOT and (b)
EOT+12/RT DO between those with anaemia and those without (relative difference >1 and
absolute difference >0 means higher QoL at the relevant time point in those with anaemia)
Key: EQ-5D-5L: 1: mobility; 2: self-care; 3: usual activities; 4: pain; 5: anxiety/depression; 6: index score
perfect health vs not; 7: index score continuous scale <1; 8: VAS score perfect health vs not; 9: VAS score
continuous scale <100; reasoning. MOS-Cog: 10: reasoning; 11: forgetting; 12: attention; 13: thinking;
14: confusion; 15: reacting slowly; 16: summary score perfect health vs not; 17: summary score
continuous scale <100.

Note: For 1-5 and 10-15, relative differences are proportional odds ratios, for 6 and 16 are odds ratios
and for 7 and 17 are exponentiated estimates from beta regression (denoted “beta ratios” in main text).

Differences greater than 1 for the EQ-5D-5L and MOS-Cog scores and greater than 0 for SF-12 scores
represent better QoL for those with anaemia.

While there was no evidence of association between anaemia and the MCS score (p=0.42),
after controlling for anaemia at EOT the effect of taking ribavirin strengthened and there was
more evidence that taking ribavirin was associated with a lower MCS (by -2.94 points (95% Cl -

5.86, -0.02) p=0.049), independently of any effect from anaemia.

There were also large numerical differences between those with and without anaemia at EOT
in problems with mobility and self-care (#1 and 2 on figure, respectively); participants with
anaemia had over three times the odds of reporting problems than those without anaemia
(pOR 3.66 (95% Cl 0.74, 18.09) p=0.13 and 3.22 (95% CI 0.31, 31.18) p=0.33, respectively).

Despite the large differences in some EQ-5D-5L domains, there was no evidence of differences
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in the summary index score between those with and without anaemia (p=0.73 and p=0.46 for

having a perfect summary score and for a difference in non-perfect scores, respectively).

4.5 Discussion

Overall, there were few associations with QoL and the length of treatment, taking ribavirin and
SVR12 (Table 4.1) and QoL was numerically similar between these different groups in many
areas. Using a relatively generous threshold for statistical significance given the number of
tests performed (p=0.05), at EOT, achieving SVR12 was associated with more problems with
thinking and taking ribavirin was associated with more problems with performing usual
activities. At EOT+12/RT DO, those taking VUS2 instead of VUS1 were more likely to have either
perfect MOS-Cog scores or, if not perfect, lower summary scores. Additionally, for participants
who took ribavirin there were trends for fewer problems with forgetting and lower PCS and
MCS scores at EOT, and fewer problems with anxiety or depression at EOT+12/RT DO.
However, overall power was low with only 192 participants contributing to the analysis;
therefore, particularly for the EQ-5D-5L and MOS-Cog domain questions and for having a
perfect health score on the summary and VAS scores, large numerical differences are also of

interest.

In terms of these numeric differences which failed to reach statistical significance, at EOT,
participants who took 4-7 weeks’ treatment reported more problems with self-care and fewer
participants reported a perfect VAS score than those who took 8 weeks’ treatment, but at
EOT+12/RT DO there were no differences of note. Higher proportions of those who received
VUS2 reported perfect VAS scores at both EOT and EOT+12/RT DO than those who received
VUS1, but higher numbers also reported more problems with self-care at EOT+12/RT DO. At
EOT+12/RT DO, in contrast to EOT, those taking ribavirin reported fewer problems with
performing usual activities than those who did not take ribavirin, and they also reported fewer
problems with self-care. There were no large differences between those who cured and those
who failed at EOT, but at EOT+12/RT DO participants who cured reported fewer problems with

self-care and pain, and a higher proportion reported perfect VAS scores.

Having anaemia was associated with some higher cognitive scores, but a lower PCS score at
EOT. There were also some large differences in some EQ-5D-5L domains, particularly mobility
and self-care, with, contrary to what might be expected, those with anaemia reporting fewer
problems. When adjusted for anaemia, the effect of ribavirin on the MCS was stronger and led
to a lower MCS score being associated with taking ribavirin. There was no longer any evidence
of an effect of ribavirin on the PCS or having problems with forgetting after adjusting for

anaemia, suggesting that anaemia may be mediating these ribavirin-associated effects, but the
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effect of ribavirin on problems performing usual activities was unaltered suggesting this could

have a different pathway.

Table 4.1: Summary of QoL results

Instrument Domain EOT: QoL worse EOT+12/RT DO: QoL worse
in in

EQ-5D-5L Self-care Variable (vs VUS2 (vs VUS1)
fixed) No RBV (vs RBV)

Failed (vs cured)

EQ-5D-5L Pain VUS1 (vs VUS2)
RBV (vs no RBV)

Failed (vs cured)

EQ-5D-5L Usual activities RBV (vs no RBV) No RBV (vs RBV)
EQ-5D-5L Mobility RBV (vs no RBV)
EQ-5D-5L Anxiety/depression No RBYV (vs RBV)
EQ-5D-5L VAS: perfect score Variable (vs VUS1 (vs VUS2)
fixed) Failed (vs cured)

VUS1 (vs VUS2)
Cured (vs failed)

Mos-Cog Thinking Cured (vs failed)

Mos-Cog Forgetting No RBV (vs RBV)*

Mos-Cog Summary score: perfect VUS1 (vs VUS2)
health

MOS-Cog Summary score: non- VUS2 (vs VUS1)

perfect health

SF-12 PCS RBV (vs no RBV)*
SF-12 MCS RBV (vs no
RBV)**

*weakens after adjusting for anaemia at EOT

**strengthens after adjusting for anaemia

Note: grey means only in unadjusted comparisons; black means in adjusted comparisons or both
unadjusted and adjusted; italics means trend (p 0.05-0.1); bold means large numeric differences
(relative difference <0.5 or >1.5).

While low power limited the detection of true differences between the groups, the very large
number of statistical tests carried out also increased the risk of erroneously finding an effect
that does not truly exist. For the main comparisons alone, 152 tests were carried out (2 time

points, 4 comparisons, 19 regressions (one for each of the different QoL areas compared)),
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with another 336 (3 time points, 4 comparisons, 28 QoL scores) for the simple univariable
comparisons carried out in the first part of the analysis and 95 (76 as before plus anaemia in
each of the 19 regressions at EOT) for the analysis examining the effect of anaemia, giving 583
tests in total. At a 5% significance level, | would therefore expect to find 8 results from the
main comparisons as significant even if there was no genuine difference between any factor
assessed (=0.05*152), 29 overall (=0.05*583). The fact that | found fewer than this in total, and
none significant at a 1% level, suggests that many of the findings above could be simply due to

chance.

Few differences were found between those taking 4-7 weeks’ variable length treatment and
those taking 8 weeks’ fixed length treatment, even when considering numerical differences. It
is possible that differences were not observed as the treatment lengths between the two
groups were too similar: while 23 (24%) participants took 4 weeks’ treatment exactly, 33 (34%)
took between 4 and 5 weeks, 41 (42%) took between 5 and 6 weeks and 11 (11%) took over 6
weeks. Additionally, for the fixed duration regimen, the 8 week treatment length was still
shorter than the recommended treatment length of 12 weeks. It is possible that had those
participants received the full 12 weeks, more differences might have been observed between
the groups. Some numerical differences were seen at EOT, specifically more problems with
self-care and lower levels of perfect VAS scores, which could be attributed to the burden of
longer treatment, but these differences were no longer apparent at EOT+12/RT DO. At
EOT+12/RT DO, regardless of the length of treatment a participant received, it had been ~12
weeks since most participants completed treatment (median [range] weeks from EOT to
starting retreatment was 11 [6, 42]). Any short-term benefits of a shorter treatment length
would not only have receded and likely forgotten, but participants would have been more

focussed on their probable cure or start of retreatment.

Similarly, few differences in QoL were observed at EOT between participants who received the
VUS1 strategy and those who received the VUS2 strategy. This is also likely to be due to the
small number of days difference between the two strategies; the difference in length of an
individual’s treatment between VUS1 and VUS2 was between 0-7 days depending on baseline
HCV VL. However, there were some differences between the groups at EOT+12/RT DO once
adjusted for other factors, including a higher proportion of perfect scores on the EQ-5D-5L
index and VAS, but worse non-perfect index scores and more problems with self-care. VUS2
was implemented part way through the trial after a DMC meeting reviewing interim results so
there may also have been temporal effects, such as participants being recruited from a

different mix of study centres (supported by the small differences in baseline scores between
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VUS2 and VUS1), that were either never measured or not have not been accounted for in the

analysis and that may have had an impact on the results.

In previous studies, taking ribavirin was associated with worse QoL during treatment
compared with both baseline and those not taking ribavirin, but by EOT+12 the negative
effects had usually ended and QoL was back to baseline or higher (90, 100, 104, 105). The
results from this analysis also show the negative QoL reported by participants at EOT no longer
being reported at EOT+12, but overall QoL was not lower at EOT in most areas compared to
those not taking ribavirin, the exception being usual activities (with a similar trend for PCS and
MCS). Some studies investigating the impact of ribavirin did see a return to baseline QoL by
EOT (90, 104), so it is possible that this was also the case in STOP-HCV-1 and more negative
impacts on QoL would have been detected if the questionnaire had been completed by
participants sooner after starting treatment. It is also possible that patients are able to tolerate
ribavirin better if it is given for short-course treatment (4-8 weeks in STOP-HCV-1). There are
concerns about patients’ tolerance of ribavirin in treating HCV, but if it is combined with a
short-course DAA treatment, and so limiting the time during which QoL could reduce, with a
quick rebound in Qol after completing treatment, it may be more acceptable. Although the
analysis showed a trend towards fewer problems with forgetting in those taking ribavirin at
EQT, this is unlikely to be caused by the treatment and is most likely therefore due to chance,
especially as previous research has shown that when given with PEG-IFN, ribavirin was
associated with depression and neurocognitive decline (107-109). However, | was not able to
find literature focusing on ribavirin alone or in conjunction with DAAs to compare against the
effects when given with PEG-IFN and it is possible that these negative mental effects are due

to PEG-IFN alone.

At EOT, there were almost no differences, statistical or numerical, that indicated better QoL
for those who cured. Although SVR12 is known to improve QoL in previous studies compared
with those who failed, the benefits of this may not have been likely to be felt at EOT as
treatment length was relatively short and not all participants had virological suppression at
that time point (15% of participants in each group had detectable viral load at EOT). There was
also statistical evidence of an association between achieving cure and having problems with
thinking, which may simply be due to chance because of the large number of statistical tests
performed, but all areas of the MOS-Cog had numerically worse scores for those with SVR12.
One possible explanation is that, despite similar rates of virological suppression at EOT, those
who later cured had a stronger reaction to the DAAs than those with subsequent treatment

failure which negatively impacted their QoL at EOT.
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At EOT+12/RT DO, most numerical, and all large, differences were in favour of those who
cured. At this time point, the viral load of those who cured would have been suppressed for a
substantial amount of time and the health benefits of cure may have been felt, while the viral
load of those with treatment failure would have rebounded. As well as the virological
differences, participants in the two groups would have been in very different stages of the
trial: those who cured would be expecting to hear so after the visit in which the questionnaire
was completed (and only have one more visit left in the trial at EOT+24), while those who
failed on first-line treatment were starting retreatment with the prospect of taking another full
course of treatment and having many further follow-up visits. It is likely the difference in
expectations impacted how the participants felt about their own health and QoL. While there
was no statistical evidence of a difference between the two groups, this could be due to a lack
of power or because the participants QoL was not initially poor at baseline, so any changes

were very small.

Although the majority of previous research has shown that SVR12 does lead to improved QoL
(91-98, 101-104), this is often compared to a patient’s baseline and not against a similar group
who did not achieve SVR12. In comparison with previous studies, baseline QoL scores tended
to be higher amongst the STOP-HCV-1 participants in all or most areas, so the potential for any
improvement may have been more constrained by other factors in a participant’s life rather
than their illness. There are likely several reasons why STOP-HCV-1 participants had higher
baseline Qol scores. Participants agreed to take part in a clinical trial, whereas previous
research included a mixture of clinical trials and observational studies, and an individual may
have been less likely to agree to extra STOP-HCV-1 trial procedures if they did not feel well. As
part of the inclusion criteria for STOP-HCV-1, participants had to have mild liver disease, which
may also have contributed to higher QoL scores. As well as having higher baseline scores,
participants who did not achieve SVR12 on first-line treatment were offered retreatment at
the earliest opportunity (and all went on to cure on retreatment) so their QoL might not have

had enough time to decline by the retreatment visit.

Anaemia, including mild anaemia, is usually associated with negative physical and cognitive
symptoms in patients and the lower PCS and MCS scores at EOT observed in the participants
receiving ribavirin, and the significantly lower PCS score in those with anaemia, within the trial
corresponds with this. The higher cognitive scores and the large differences in mobility and
self-care in those with anaemia appear to contradict this. While lack of differences between
the groups may be explained by the large proportion of grade 1 anaemias that were likely

asymptomatic, it is unclear why those with anaemia reported fewer problems in these areas.
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After adjusting for anaemia, the effect of ribavirin on the MCS strengthened and ribavirin was
associated with a lower MCS score than without adjusting for anaemia. This suggests that
anaemia reduced the negative effects of ribavirin, at least partially, on mental health; this is
supported by the higher MOS-Cog scores reported by those with anaemia. For the PCS, there
was no evidence of an effect of ribavirin after adjustment for anaemia and, given the
association between anaemia and PCS, it is likely that all or most of the effect of ribavirin is
mediated through anaemia. Additionally, there was no evidence of an effect of ribavirin on
problems with forgetting after adjusting for anaemia; there was also no evidence of an effect
of anaemia, but there was a large numeric difference with those with anaemia reporting fewer
problems. As for the effect on MCS and the higher scores on the other MOS-Cog areas, it is
likely that the effect of ribavirin is at least partially mediated through anaemia, but power is
too low to fully differentiate the effects between the two factors. There was no evidence that
anaemia mediated the impact of ribavirin on performing usual activities as there was no
change in the effect after adjustment for anaemia. This suggests that the reason participants
had problems was likely due to mental health reasons and not physical health reasons as, from
the effects of ribavirin and anaemia on PCS and MCS, it is likely that negative mental health
effects from ribavirin are from the direct effects of the drug itself, while negative physical

health effects are from ribavirin related anaemia.

This is the first known analysis investigating the impact of short-course treatment on Qol, also
assessing whether the length of short-course treatment could also affect QoL by comparing
VUS1 vs VUS2, and fixed vs variable length treatment overall. Previous studies of QoL in
patients receiving DAA treatment were either limited to only those who achieved SVR12 or
reported high levels of SVR12 (usually >95%), and so while the effect of SVR12 could be
reported compared with baseline, QoL was rarely compared between those who did and did
not cure. The overall SVR12 rate within this analysis was 71% so an additional strength of this
work is that a direct comparison was made between those with SVR12 and those without,

even if this still had limited power.

For the analysis examining the impact of anaemia, | chose to only use EOT haemoglobin in my
definition of anaemia, that is, defined anaemia at the visit at which they completed the QoL
surveys. Participants who were anaemic at previous visits (2-4 weeks prior to EOT depending
on when the anaemia occurred and length of DAA treatment), but not by EOT, may no longer
have felt any lasting impact on their QoL, particularly as all such anaemias were grade 1, and
could have potentially biased the results towards those of participants with no recorded
anaemia. Further work could investigate any lasting effect of anaemia while on treatment by

including the anaemias that had resolved by EOT or by comparing QoL scores at EOT+12/RT DO
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between those who were anaemic on treatment and those who were not. | also chose to
examine the impact of anaemia as a binary condition and not haemoglobin levels. It is
reasonable to assume that any effects of anaemia or haemoglobin on QoL are gradual and that
the QoL between people with haemoglobin levels just above and just below the definition of
anaemia might be very similar. However, few people (25%) had anaemia of any grade and an
even smaller number had an anaemia of grade 2 or higher (2%). As the data is sparse for the
levels of haemoglobin of most interest, any effect of haemoglobin that would be detected may
not be generalisable for these higher levels of haemoglobin. To overcome this, any future work
modelling of the effect of haemoglobin on QoL should consider non-linear forms or the use of

splines.

One limitation of this analysis is the large number of statistical tests performed; | did not adjust
for multiple testing and therefore the probability of discovering a result by chance is very high.
No adjustment was made due to the relatively small sample sizes and the low risk of harm

caused by finding an erroneous result.

Another potential limitation is that at EOT+12/RT DO, participants were either aware of their
SVR12 status (failures) or are likely to be confident about it (cures). Interpretation of the
results must take account of this, especially if interested in only the direct effects of treatment
at that time point and not in how participants felt about their SVR12 status as this knowledge
is likely to bias results towards a more positive or negative outlook for those who cured and
failed respectively. However, it is also arguable that knowledge of SVR12 status helps in
forming a participant’s idea of their QoL and if the questionnaires were completed blind, this

ignores the impact of achieving SVR12 or not on the participant’s life.

Another limitation is with the QoL instruments themselves. Although these tools, particularly
the EQ-5D-5L and SF-12, are widely used both to report the QoL of HCV patients and in other
diverse areas, these instruments are not tailored towards HCV patients. Therefore, they may
not reflect how HCV patients feel about their QoL, accurately detect changes that are clinically
important to HCV patients or detect changes in areas that are most meaningful to them. While
there are Qol tools that are specific to HCV patients (the Chronic Liver Disease Questionnaire
(CLDQ) (110) and the Work Productivity and Activity Impairment: HCV (WPAI:HCV) (111), these
were not used in the STOP-HCV-1 trial.

4.6 Key findings
e The length of treatment, whether 4-7 weeks vs 8 weeks or VUS1 vs VUS2, did not have

a large impact on Qol.
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Participants taking ribavirin did not have substantially worse QoL at EOT than those
not taking ribavirin and any problems were no longer reported at EOT+12/RT DO.
Having anaemia (mostly grade 1) had a mixed effect on QoL scores,but mediated the

negative effect of ribavirin on physical health.
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5 Assessment of the statistical aspects of VIETNARMS: a complex
multi-arm trial testing several drug shortening or sparing HCV
treatments

5.1 Introduction and aims

In previous chapters | have investigated which factors are associated with cure and the
mechanisms around treatment failure to identify which groups of patients might be most
suitable for short-course therapy. | also examined Qol in participants taking different lengths
of treatment and adjunctive ribavirin to assess the impact of these treatment choices, which
could help determine which treatment lengths and regimens might be most acceptable for
patients. From this work | have identified baseline viral load as the key factor in determining
SVR12 and that QoL is not clearly impacted by length of treatment or from adjunctive ribavirin.
However, while valuable insights can be gained from previously collected data, it is also

important to be able to test selected drug-shortening strategies in clinical trials.

The overall aim of this chapter was to examine the statistical aspects of VIETNARMS, which
planned to test multiple strategies of shortening or sparing HCV treatment. The trial design of
VIETNARMS is described in more detail in the methods section, but it was a complex design
due to having two factorial and one partial factorial randomisations. There was a Bayesian
monitoring mechanism within the trial to allow for unsuccessful treatment strategies to be

detected early and for randomisation into these strategies to be stopped.

While factorial trials and Bayesian monitoring are not new techniques, at the time of
performing this research, there were no records of previous trials that employed Bayesian
monitoring within a complex factorial trial. Therefore, there was no previous research into
how the trial design would work in practice and whether it would be appropriate for the aims
of the trial. The overall aim of this chapter was to answer these questions for the VIETNARMS

trial.

My first aim of this chapter was to assess the operating characteristics of the Bayesian
stopping guideline used in the trial analytically and through simulation. This was to ensure that
the guideline worked as intended and that failing strategies could be detected and stopped
early enough in the trial to be a benefit. It was also to examine if arms would be stopped

inappropriately for successful strategies.

The second aim was to find an initial plan for the number and timing of interim analyses based
on primary predictions of cure rates to ensure that it was possible to have analyses that work

with both the monitoring guidelines and the time constraints of the trial. It also allowed these
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to be loosely scheduled in advance, providing both the trial team and oversight committees a

rough schedule of interim analyses.

The third aim was to assess the impact of the design on the overall power of the trial using
simulations. The trial is complex and the sample size of the trial was estimated based on the
monitoring phase of the trial, so this analysis was necessary to ensure there was sufficient

power for the final analysis.

| have also developed priors to be used both in the monitoring phase and the final analysis of

the trial, suggesting a way in which other researchers may also do the same.

While this work focuses on one HCV trial and this trial design is particularly suited to trials
testing shortening strategies for HCV, as described in the background, the design and statistical
concepts could be applied equally to various other disease areas. Therefore my work in this
chapter both fits within my overall thesis aim of assessing trial designs that can be used to
investigate HCV treatment shortening strategies, but can also be generalised to a wider

research audience.

Work from this chapter has been presented at the October 2019 ICTMC conference in Brighton
(112) and published in Trials in May 2020 (113).

5.2 Background

5.2.1 Trial designs allowing for the testing of multiple strategies

As there is very little data to inform optimal ways to shorten HCV treatment with DAAs,
particularly in genotype 6, and there are many possible strategies that could be tested, trial
designs that allow for the testing of multiple different options whilst allowing for the early
stopping of unsuccessful treatments in order to focus on more successful treatments are

essential, both for trial efficiency and to protect participants.

Two trial designs that incorporate both of these aspects are factorial trials and multi-arm
multi-stage (MAMS) trials. Factorial trials allow for more than one strategy to be tested
concurrently by randomising the participant to each intervention so that they may receive all,
none or some combination of interventions (114). Factorial trials do not inherently have a
mechanism for testing for unsuccessful treatments during the trial’s progress, but
accumulating trial data will be reviewed by a Data Monitoring Committee (DMC) and various
stopping guidelines can be easily applied to the trial design. MAMS trials compare multiple
treatment strategies simultaneously against a single control group (115). Interim analyses are
pre-specified to occur when a specific number of outcomes are observed or after a pre-

determined amount of follow-up time has passed, and each of the intervention groups are
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tested against the control or against a historical control using an intermediate outcome
measure. If an intervention group fails to meet the requirement to move onto the next stage,
it is discontinued and future participants will be randomised to any remaining group carried

forward into the next stage.

Both designs allow for greater efficiency in trials by reducing the number of participants
required and shortening the time needed to test multiple interventions compared to
sequential trials of individual interventions (116, 117). MAMS trials treating each combination
of interventions as an independent arm are the preferred design when there is likely to be an
interaction between the interventions, as factorial trials are not powered to detect
interactions when each intervention is a single randomisation (118). However, the timing and
maximum number of interim analyses within MAMS trials generally have to be pre-specified
(119) or otherwise controlled with an alpha-spending function, which can be computationally
difficult, particularly as the complexity of the design increases (120). Therefore, MAMS designs
may be less suitable for interventions where the effect on outcomes is unknown and the
interim analysis schedule may have to be altered, at least where a priori interactions are not

expected.

5.2.2 Bayesian statistics

In frequentist statistics, the parameter of interest is a fixed and unknown constant and is
estimated by finding the value of the parameter that maximises the likelihood function of the
data. Uncertainty around the estimate is given by confidence intervals; estimated using the
parameter and its standard deviation. The parameter will lie within the interval given a
specified frequency. For example, with 95% confidence intervals the parameter will lie in the
interval 95% of the time. In contrast, in Bayesian statistics the parameter is a random variable
which is estimated usually by the mean of the posterior probability distribution, distributed
over all possible parameter estimates, though other measures may be used. The posterior
probability distribution is also used to calculate credible intervals, which are intervals that the
parameter estimate lies within, given a specified probability. For example, 95% credible

intervals provide the interval in which the estimate has a 95% chance of being in.

The basis of deriving the posterior probability comes from Bayes’ Theorem and involves the
prior distribution (the prior belief in the parameter of interest) and the likelihood. Bayes’
Theorem states

P(D|H) = P(H)

P(H|D) = P(D)
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where H is the hypothesis and D is the data. P(H) is then the probability of the hypothesis
without any data, which is the prior distribution; P(D|H) is the probability of the data given the
hypothesis, the likelihood; and P(H|D) is the probability of the hypothesis given the data,
which is the posterior probability. P(D), the marginal distribution of the data, is a normalising
constant and may not be of interest as it is constant for all hypotheses. Disregarding P(D), the

theorem can then be restated as
P(H|D) < P(D|H) * P(H).

Posterior distributions can be complex and difficult to obtain; however if the prior and
likelihood distributions are conjugate then this process is simpler and the posterior
distributions will be of the same family as the prior distribution. For example, when the data
generated is from a binomial distribution the conjugate prior is a beta distribution and the
resulting posterior distribution will also be a beta distribution. When data are being collected,
for example in an ongoing trial, the posterior probability can then become the prior

distribution for the next analysis, and so the prior distribution can always be updated (121).

Priors may either be uninformative, which provide little information to the posterior
distribution and are helpful when there is no previous research or other knowledge into the
outcome of interest, or they may be informative based on previous similar studies or from
experience of clinicians who work in the field of interest. In practice, sensitivity analyses using
different priors from the one used initially in the primary analysis are recommended to

determine sensitivity to the prior distribution chosen (122).

5.2.3 Bayesian monitoring

Data monitoring and stopping guidelines are most commonly framed within a frequentist
framework with guidelines based on p-values or conditional power. When planning frequentist
interim analyses it is generally accepted that care must be taken to control type | error, which
can limit the ability to change the monitoring schedule to adapt to accumulating data, and may
lead to delays in stopping unsuccessful treatments (for example, if strict guidelines such as

Haybittle-Peto (p<0.001) are used).

Although strict-error control may not always be necessary in a trial using frequentist methods
(123), a more flexible approach to monitoring can be easier to implement and justify by using a
Bayesian approach, which allows for stopping guidelines that are based on directly
interpretable probabilities, particularly in complex multi-arm trials (121, 124-126). However,
some suggest that the frequentist type | error rate should be controlled even in Bayesian trials
as it increases power (127). Common stopping guidelines used with Bayesian monitoring are

the posterior probability, which is the probability that an outcome exceeds a specified value at
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the point where the analysis is done, and the predictive probability, the probability of seeing a

success at the end of the trial given the data accrued to the point where the analysis is done.

Bayesian monitoring has been applied retrospectively to trials conducted using a frequentist
approach (128-130) and some trials have reported using Bayesian monitoring to assist with
interim decisions, primarily in phase 2 studies (131-134) but also including two multi-arm trials
(135, 136). However, from a review of the literature, no trials at the time of writing this
chapter (Spring 2020) had reported applying Bayesian monitoring to a complicated factorial
trial such as VIETNARMS. The search of the literature was not limited to a specific disease area
and was both a focused search aiming to identify previous trials with a similar design and also

a more general review of Bayesian monitoring in trials of any design.

5.3 Methods

5.3.1 Trial design

VIETNARMS is a parallel-group open-label factorial trial (Figure 5.1). 1092 participants will be
factorially randomised: 1:1 to two different WHO recommended dual DAA regimens
(sofosbuvir/velpatasvir vs sofosbuvir/daclatasvir); 1:2:2:2 to the standard licenced 12-week
treatment vs 4 weeks treatment with PEG-IFN+DAA vs 4-12 weeks response guided therapy
(RGT) vs 12 weeks treatment using an induction/maintenance approach; and, if not
randomised to standard 12-week treatment, 1:1 to adjunctive ribavirin vs no ribavirin for the
duration of their DAA treatment. Randomisation will be stratified by genotype 6 vs all other

genotypes.

Participants randomised to the PEG-IFN strategy will receive DAAs for 4 weeks with weekly
PEG-IFN for 4 weeks starting at day 7. Treatment length for those randomised to RGT will be
determined by HCV VL at day 7 and based on predicted viral kinetics (67): those with VL <lower
limit of quantification (LLOQ) at day 7 will receive 4 weeks of treatment, those with VL LLOQ-
250 IU/ml will receive 8 weeks and all others will receive 12 weeks. Participants randomised to
induction/maintenance will receive 12 weeks of treatment: 2 weeks of daily treatment
(induction phase) followed by 10 weeks of 5 days treatment per week taking weekends off
from the first weekend following their full 2 weeks treatment. Within the trial, any participant
not achieving cure with their first-line treatment will receive 12 weeks retreatment with the

alternate drug regimen to the one they were originally randomised plus ribavirin.

137



Figure 5.1: VIETNARMS trial schema

SOF/VEL 12 weeks

SOFMVEL RGT guided by D7 VL

SOF/VEL RGT guided by D7 VL +RBY
SOFMNVEL Induction/maintenance 12w

4 SOF/VEL Induction/maintenance +RBY 12w
SOFAVEL + PEGIFN 4w

SOFMNEL + PEGIFM +RBY dw Stop group if
=85% chance
SOFRDCY 12 weeks of <90% cure

SOF/DCV RGT guided by D7 WL
N 50F/DCV RGT guided by D7 VL +RBV

SOF/DCV Induction/maintenance 12w
SOFDCY Induction/maintenance +REY 12w
SOF/DCV + PEGIFN 4w

SOF/DCY + PEGIFM + RBY dw

Note: SOF/VEL=sofosbuvir/velpatasvir, SOF/DCV=sofosbuvir/daclatasvir, RBV=ribavirin, VL=viral load,
RGT=response guided therapy, PEGIFN=pegylated interferon.

5.3.2 Trial analyses

The primary outcome of the trial is SVR12 on first-line treatment only, which is binary: all
observed outcomes will either be SVR12 or treatment failure. The primary analysis will be
Bayesian with 90% credible intervals; secondary analyses will use frequentist methods and
95% intervals. The final analysis will estimate risk differences between groups using marginal
effects after logistic regression. The model will include all main randomised effects and strata,
and will test interactions between all randomisations. Interactions will only be included in the
final model if the 95% credible interval for the interaction term excludes no effect (p<0.05 for

frequentist analyses).

The regimen comparison will be non-inferiority with a pre-specified margin of 5%. Both
regimens are recommended by the WHO (19) and have similar cure rates and safety profiles in
other studies, predominantly outside of genotype 6 (137, 138). However, there have not been
any direct randomised comparisons to date. Showing non-inferiority between the two
regimens will allow increased competition between DAAs and should lead to lower DAA prices.
The strategy comparison will also be non-inferiority with a pre-specified margin of 10%. As the
control strategy for this comparison is the standard 12 week duration, it is highly unlikely that
any of the strategies will perform better than control, so a superiority analysis is not suitable.

The margin of 10% is higher than for the regimen comparison because each strategy has its
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own advantages and disadvantages, and the potential benefit in terms of numbers treated for
the same fixed budget is much greater. Both non-inferiority margins were based on clinical
judgement and the size of margins used in other trials of anti-infectives with relatively low

failure rates (139).

The ribavirin comparison is a superiority comparison, powered to detect a 5% absolute
difference. Ribavirin has been shown to increase SVR rates when taken with PEG-IFN (11), but
its effect on SVR rates with DAA was unclear when the trial was designed (before STOP-HCV-1
reported). As there is no other expected benefit to taking ribavirin other than to increase SVR
rates and as it can cause adverse effects such as anaemia (16), there is only interest in ribavirin

if superiority can be shown.

5.3.3 Monitoring and stopping guideline

For the strategies to be viable outside the trial, first-line cure rates need to be high (>90%). The
design of the trial therefore allows for failing groups to be stopped early at any time and
subsequent participants to be randomised to more successful groups. Individual performance
of groups receiving shortening strategies will be monitored during recruitment by an
independent DMC who will make decisions on whether a group should be stopped. Groups
receiving standard 12-week treatment will not be monitored as this is the licenced duration
with cure rates >90% (137, 138). Interim analyses will not be comparative as the aim of
monitoring is not to find the best strategy, but to find any strategy that meets a minimum
acceptable cure rate that may also be non-inferior to standard treatment as different

strategies may benefit different patient populations.

Analyses of cure rates will follow the Bayesian paradigm to allow the probability of the true
cure rate being below different thresholds to be calculated: recruitment into a group will stop
if there is a >0.95 posterior probability of the true cure rate being <90% (Pr(true cure rate
<0.9|x)>0.95 where x is the data currently observed). The primary monitoring is combined
across genotypes; if the combined group reaches the stopping guideline, each genotype
stratum will be tested separately and the DMC will have the discretion to stop only those
strata reaching the stopping criteria. Differences in stopping groups across strata are only likely
to occur when there are extreme differences in the cure rates between the strata, which is not
expected, and so the operating characteristics of the trial are based on stopping combined
strata only. If neither stratum reaches the stopping criteria despite the combined strata doing

so, it will be at the discretion of the DMC whether to stop recruitment into the stratum or

group.

139



Analysis of SVR12 during the monitoring period will effectively be that of a single arm trial and
not within the randomised and factorial structure of the trial. There are several benefits of
this. As the treatment length varies between strategies, each strategy will have a different
number of outcomes to the other strategies at any given time point. If interim analyses could
only take place when the groups with the longest treatment lengths were suitable for analysis
as would be needed for a comparative analysis, then this could delay the detection of failing

groups with shorter treatment lengths.

Analysing the groups separately will also allow for the detection of any potential interactions
more easily during the trial and so give more confidence that there will be no interactions in
the final analysis, which as this is a factorial trial is not desirable. Given that we are only
interested in strategies with >90% true cure rate, it is likely that any interaction will lead to at
least one group to have a cure rate below this threshold. Recruitment into the lower cure rate

group(s) will then stop, removing the interaction from the trial.

5.3.4 Development of priors
As there are two types of analysis for the trial, both an interim analysis comparing single
groups to a cure threshold of 90% and the final analysis which will compare groups directly,

two sets of priors are needed.

For interim analyses, one initial prior is chosen and this will then become updated as outcomes
are reported and information is added to the prior. As there is uncertainty about the
performance of the shortening strategies, it was assumed that one strategy would fail
completely such that all 4 groups receiving that strategy, of a total of 12 tested, would meet
the stopping guideline. As each individual outcome is assumed to be Bernoulli-distributed, and
therefore distribution of all outcomes is binomial, a beta prior was chosen as this was the
conjugate prior for the binomial distribution. The mean of the prior was fixed at 0.9 and the
effective sample size (a+b where beta(a, b) is the prior distribution) of the prior was varied
until a distribution was found such that there was a ~0.33 probability of a cure rate <90%;
~0.33 probability was chosen as 4/12 randomised groups are expected to fail and therefore
have a true cure rate <90%. The prior chosen was beta(4.5, 0.5) with mean 0.9, variance 0.015,
an effective sample size of 5 and a 0.34 probability of a cure rate <90% (Figure 5.2). The
relatively low precision of the prior will allow greater influence of the data in the posterior

distribution.
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Figure 5.2: Distribution of prior beta(a, b) with varying effective sample sizes
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ESS: effective sample size.

For the end of trial analysis, the control cure rate analysis prior is beta(4.75, 0.25), which has a
mean of 0.95 and the same effective sample size as the monitoring prior. The mean as derived
from previous research into the trial drug regimens (137, 138). Sensitivity analyses will use a
range of informative priors reflecting plausible belief in the clinical community (Table 5.1).
Sceptical analysis prior distributions were chosen with means corresponding to the null
hypothesis for each randomisation and enthusiastic analysis priors with means y greater than
this, where y is the non-inferiority margin or absolute difference specified in the power
calculations. The variances were arbitrarily set such that 90% of the prior distribution is within
+/-y around the mean to reflect the strength of the belief in the mean effect. Thus for
example, the risk difference for the drug regimen comparison has the sceptical analysis prior
centred on -5% (the null hypothesis for the non-inferiority comparison) with 90% limits +5%,
giving a 0.05 probability that the cure rate will be 10% worse and a 0.05 probability the cure
rate will increase (i.e. be >0%). The enthusiastic analysis prior is centred on 0% with 90% limits
5%, giving a 0.05 probability that the cure rate will be 5% worse and a 0.05 probability that it

will be 5% better with one regimen than the other.
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Table 5.1: Priors to be used in the final analysis

Primary analysis: Sensitivity analyses

uninformative Sceptical Enthusiastic
Control cure rate Beta(4.75, 0.25) Beta(4.75, 0.25) Beta(4.75, 0.25)
Regimen N(0, 10000) N(-0.05, 0.009) N(0, 0.009)
comparison
Strategy comparison N(0, 10000) N(-0.1, 0.0036) N(0, 0.0036)
Ribavirin N(0, 10000) N(0, 0.009) N(0.05, 0.009)
comparison

The beta prior for the control cure rate has mean 0.95 and variance 0.008.
The model will also be adjusted for genotype, which will have the prior N(0, 10000) in all analyses.
N(m,v) is the normal prior with mean m and variance v.

5.3.5 Statistical analysis

To define the performance characteristics of the proposed stopping guideline, posterior
probabilities of cure rates and the probability of stopping groups at each number of outcomes
were calculated analytically using beta and binomial distributions respectively. Timings of
interim analyses were determined by applying the probabilities of stopping groups to a
projected recruitment schedule. The average probability of stopping a genuinely inferior group
was estimated by integrating the probability of stopping a group with respect to the
monitoring prior beta(4.5, 0.5) over cure rates between 60% and 90%. The lower bound was
determined from previous studies testing strategies most similar to those in VIETNARMS which
have reported cure rates of >90% with lower confidence interval bounds >60% (41, 42). In
studies with cure rates <60%, all participants received shortened therapies, regardless of their
HCV VL, and did not receive adjunctive drugs (46, 47), therefore they were not considered
relevant to this analysis — although power would be even greater to stop such a group. Cure
rates above 90% were not considered as groups with these cure rates should not be stopped

and so do not affect timing of the analyses.

Simulations of 5000 datasets with outcomes taken from binomial distributions were used to
determine the overall probability of stopping a group, the cumulative probability of stopping
groups at specified analysis time points, and to estimate power using marginal effects after
fitting a logistic regression model to obtain risk differences. The model used to analyse data
contained all randomised comparisons with main effects and adjustment for strata. 90%
confidence intervals were used, reflecting the sample size calculation and primary analysis of

the main trial results.
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Predictive probabilities were calculated analytically using the beta-binomial distribution in R

3.5.1. All other analyses were performed using Stata v15.1.

5.4 Results/discussion

5.4.1 Operating characteristics of the Bayesian stopping guideline

The minimum number of failures required to satisfy the stopping criteria for the main
monitoring beta(4.5, 0.5) prior and for each number of analysed participants are summarised
in Table 5.2 (full details in Table 5.8). The probability of stopping a group is then the probability
of observing the required number of failures in the group. When the true cure rate is 90%, the
probability of incorrectly stopping a group is always <0.05, and this decreases as the true cure
rate increases. It is expected from the specification of the stopping guideline that when the
true cure rate is equal to the mean of the prior, then the probability of stopping a group is 0.05
so the probability of incorrectly stopping a group is always maintained below the correct level.
The calculated probability is not exactly 0.05 and differs depending on the number of
participants analysed due to the discrete nature of the outcome. This value is for each
individual group at each analysis; the impact of multiply testing arms is covered in Section

5.4.4.

For small numbers of analysed participants, a larger proportion of failures are required to stop
a group, increasing from a minimum of 17% to 100% of those analysed; therefore the
probability of stopping a group incorrectly early in recruitment is also smaller as there is a
smaller chance of observing greater proportions of failures regardless of the true cure rate.
This protects against groups being stopped erroneously due to a high concentration of failures
amongst the initial participants reaching the time point at which the primary outcome is
measured (12 weeks after the end of treatment, EOT+12); if the two strata within a group

share the same true cure rate then it is unlikely only one will reach the stopping threshold.

Groups with the lowest cure rates considered plausible (60%) are highly likely to reach the
stopping criteria quickly (>90% chance of stopping after analysing 21-26 participants). Groups
with moderately low cure rates (<80%) are also likely to be stopped before recruitment ends.
However, groups with true cure rates slightly under 90% are unlikely to be stopped; the
example of a true cure rate of 89% is given in Table 5.2. A low chance of stopping a group just
below the target cure rate might be considered unacceptable in futility stopping guidelines in
other situations, but the target of 90% is largely arbitrary and there may be interest in
strategies that have a slightly lower cure rate if they are able to expand treatment access to
difficult to reach populations. Increasing the probability of stopping groups with cure rates just

below 90% would lead to a greater chance of incorrectly stopping groups with cure rates >90%
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Table 5.2: Number of failures needed to stop a drug strategy group for each number of analysed participants

Analysed Minimum number of Maximum probability of stopping Minimum probability of stopping group if true cure rate equals:

participants  observed failures needed group if true cure rate equals:

to stop group* 90% 95% 90% 89% 80% 70% 60%
3-7 3 0.026 0.004 0.001 0.001 0.008 0.027 0.064
8-13 4 0.034 0.003 0.005 0.007 0.056 0.194 0.406
14-20 5 0.043 0.003 0.009 0.014 0.130 0.416 0.721
21-26 6 0.040 0.002 0.014 0.022 0.231 0.637 0.904
27-33 7 0.042 0.001 0.015 0.024 0.287 0.744 0.958
34-39%* 8 0.037 0.001 0.017 0.028 0.367 0.844 0.986
40-41** 8 0.048 0.001 0.042 0.067 0.563 0.945 0.998
42-48 9 0.046 0.001 0.021 0.036 0.469 0.920 0.997
49-55 10 0.044 0.0004 0.022 0.038 0.528 0.952 0.999
56-63 11 0.047 0.0003 0.021 0.040 0.580 0.971 1.000
64-71 12 0.048 0.0002 0.023 0.045 0.648 0.985 1.000
72-78 13 0.045 0.0001 0.025 0.049 0.705 0.993 1.000

* >0.95 posterior probability of the true cure rate being <90% (Pr(true cure rate <0.9|x)>0.95, where x is the data currently observed) with the beta(4.5, 0.5) prior which has
mean=0.9 and variance=0.015

**These rows not pooled despite the same number of minimum failures to provide information about the fully recruited strata (n=39).

Note: Groups will recruit a minimum of 78 participants with 39 participants in each stratum. If recruitment is stopped into one group, the maximum number of participants in each
other group and the other stratum for that group will be higher.

Maximum and minimum probabilities are for the range of analysed participants.
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and it is considered more important to retain these than to stop groups with slightly lower
cure rates. Additionally, any other stopping guideline would similarly be unable to discriminate
between these cure rates without a very large sample size. The probability of incorrectly not

stopping a group rapidly decreases as the true cure rate decreases.

The overall probability of stopping a group (the proportion of simulations where a group was
stopped rather than the expected proportion), and therefore making a correct decision or
incorrect decision to stop recruitment into a group (again analogous to the frequentist
concepts of power and type | error), show similar results to those given above (Table 5.3). For
cure rates >90%, the probability of incorrectly stopping a group is always maintained <0.05 and
for cure rates <90% there is a high probability of correctly stopping a group, with almost all
groups being stopped when the true cure rate is £70%. The probability of incorrectly not
stopping groups with cure rates ~80% is 12%, and for cure rates of 90% a group is far more
likely not to be stopped than correctly stopped. However, as described above, for our design
this is not as much of a concern as it may be for other trial designs because the aim of the
monitoring is to stop clearly inferior regimens rather than those close to the arbitrary 90%

threshold.

Table 5.3: Overall probability of stopping recruitment into a group

True cure Probability of stopping  Probability of making  Probability of making
rate group correct decision incorrect decision
60% 1 1 0

70% 0.999 0.999 0.001

80% 0.877 0.877 0.123

82.5% 0.740 0.740 0.260

85% 0.530 0.530 0.470

87.5% 0.312 0.312 0.688

90% 0.138 0.138 0.862

92.5% 0.040 0.960 0.040

95% 0.008 0.992 0.008

97.5% 0.001 0.999 0.001

Note: For true cure rates <90%, the correct action is to stop recruitment into a group; for cure rates
>90% the correct action is to maintain recruitment into a group.

5.4.2 Timing of interim analyses
Interim analyses need sufficient numbers of participants at EOT+12 to give a reasonable
probability of stopping a genuinely inferior group. It was therefore decided to perform

analyses after the first month such that at least one inferior group has a 0.3, 0.5 or 0.7 average
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probability of being stopped were this to be the first interim analysis, assuming cure rates are
uniformly distributed on [0.6, 0.9] and given projected recruitment (Table 5.4). An average
probability is used to reflect the uncertainty about the true cure rates; for low cure rates the
probability of stopping a group can be substantially higher (Figure 5.3). An additional analysis
before these thresholds will allow for any groups with a very low cure rate below the
anticipated minimum of 60% to be detected early despite the very small probability of

detecting a group with a cure rate between 60-90%.

Table 5.4: Predicted recruitment schedule

Month since Number recruited in Total participants Total left to recruit
enrolment opened the month recruited

1 8 8 1084
2 16 24 1068
3 24 48 1044
4 30 78 1014
5 35 113 979
6 40 153 939
7 52 205 887
8 52 257 835
9 52 309 783
10 52 361 731
11 52 413 679
12 52 465 627
13 52 517 575
14 52 569 523
15 52 621 471
16 52 673 419
17 52 725 367
18 52 777 315
19 52 829 263
20 52 881 211
21 52 933 159
22 52 985 107
23 52 1037 55
24 55 1092 0
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Figure 5.3: Initial probability of stopping groups over an estimated recruitment schedule for

various true cure rates

60% cure rate

Probability of stopping group
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|
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Months since recruitment opened to first interim analysis
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Note: The average true cure rate is uniformly distributed over 60-90%. Probabilities are calculated
assuming no previous interim analysis. The total number of participants recruited at each month, of a
total target of 1092, is: 113 at 5 months, 153 at 6, 205 at 7, 257 at 8, 309 at 9, 361 at 10, 413 at 11, 465
at 12,517 at 13, 569 at 14, 621 at 15, 673 at 16, 725 at 17, 777 at 18, 829 at 19, 881 at 20, 933 at 21,
985 at 22, 1037 at 23 and 1092 at 24.

Four analysis time points were chosen to provide multiple opportunities to detect failing
groups while allowing adequate time between analyses for the accrual of participants and
outcome data, and preventing unnecessary burden on time and resources needed for analyses
and subsequent DMC meetings. The highest probability threshold (0.7) is determined by the
maximum average cure rate of the genuinely inferior groups and by the recruitment schedule,
as analyses need to be performed sufficiently early enough to gain the benefit of randomising
remaining participants to the other groups. The other thresholds (0.3, 0.5) were evenly spaced
across the probabilities of stopping a group with an average cure rate, taking into
consideration the first, early DMC meeting not based on these probabilities. Based on the
underlying projected recruitment, the interim analyses are therefore expected to take place
after 7, 10, 13 and 18 months of recruitment. The number of participants in each group and
the probability of stopping an inferior group of each strategy type at these analyses are listed

in Table 5.5.
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Table 5.5: Timing of interim analyses

First Second Third Fourth

Months since recruitment started 7 10 13 18
Total recruited (out of maximum 1092) 205 361 517 777
Total reached EOT+12 weeks 44 144 286 533
At EOT+12 weeks in each:

PEG-IFN group 5 14 24 42

RGT group 3 11 21 39

Induction/maintenance group 2 8 17 35
Average probability genuinely inferior
group will be stopped*:

PEG-IFN groups 0.124 0.297 0.537 0.710

RGT groups 0.021 0.313 0.440 0.665

Induction/maintenance groups 0.070 0.150 0.431 0.593

*Assuming true cure rate uniformly distributed over 60-90%
EOT+12: 12 weeks after the end of treatment; PEG-IFN: pegylated-interferon; RGT: response guided
therapy

By assessing the cumulative probability of stopping a group (Figure 5.4), the schedule provides
a balance between the number of analyses and the probability of stopping an arm. Performing
interim analyses every two months provides more and earlier opportunities to detect a poorly
performing group, however the timing of these analyses would mean that there would be a
lower probability of finding such a group at each time point compared to the proposed
schedule. Conversely, planning interim analyses for every four months provides a higher
probability of detecting a failing group, but as analyses are further apart it may lead to too

many participants being randomised into a group when it could have been stopped earlier.

The first three planned analyses follow a three month schedule, with the final analysis planned
for 5 months after the third analysis. If the planned analyses took place every three months,
then there would be five analyses in total: one 3 months after the third analysis at 16 months
and a final analysis at 19 months after enrolment starts. However, as most participants will
have been randomised into the trial by the later part of recruitment, there is limited benefit to
performing more multiple analyses and stopping an arm so performing one analysis between

16 and 19 months is more efficient.

The only schedule to provide both more frequent opportunities without compromising on the

probability of finding a failing group is to have an interim analysis every month. However, this
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would be impractical due to the resources and time required of both the trial team and the

DMC for each analysis.

Figure 5.4: Cumulative probability of stopping interferon groups for different interim analysis

schedules assuming true cure rates of a) 60% b) 70% c) 80%.
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As this is only projected recruitment, sensitivity analyses were performed to examine the
effect of faster or slower recruitment (Figure 5.5). Analyses closer to the start of recruitment
and so more dependent on assumptions of cure rates would be at similar time points,
regardless of recruitment speed. There were greater differences in the optimal timings of the
last analyses, but the timing of this analysis is the most flexible and can be determined based
on observed rather than assumed true cure rates. At each of the analyses, the difference in the
total number recruited at each time point is less than the number recruited in one month,
indicating that changes to the recruitment schedule alter only the timing of the analyses and
not to the number of outcomes analysed. Therefore, if there are significant delays in
recruitment, interim analyses will be timed such that they include a similar number of
participants at EOT+12 to that in the expected schedule. Sensitivity analyses also explored
changing the lower bound of the distribution over which cure rates of genuinely inferior

groups are assumed to be distributed from 60% (Table 5.6), but this had minimal effect on the
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timing of initial interim analyses. Again, the largest difference in the timing of the analyses was

for the last interim analysis, which can be based on observed cure rates instead.

Figure 5.5: Sensitivity analysis of the optimal timing of interim analyses comparing recruiting

over 24 months to recruiting over 18 months or 30 months
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Note: assumes true cure rate in inferior arms is uniformly distributed over 60-90%. The bars show how
many months after recruitment started that the numbered interim analysis would take place,
the lines show how many participants would be recruited if the interim analysis took place at
that time point.
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Table 5.6: Sensitivity analysis of the optimal timing of interim analyses by altering the lower limit of the uniform distribution over which cure rates of genuinely

inferior arms are assumed to be distributed

Lower bound of uniform distribution of cure rates of inferior arms

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Probability of 21 arm
being dropped
30% 5 5 7 7 8 9 10 13 18
40% 7 7 7 8 9 10 11 15 -
50% 7 7 8 9 10 11 13 17 -
60% 8 9 9 10 11 13 15 24 -
70% 9 10 10 11 13 15 18 - -
80% 11 13 15 16 17 23 - - -
90% 18 23 22 - - - - - -

Note: the lower bound used for the timing of analyses is in bold for clarity. The table shows the month after recruitment started that interim analyses would take place,
varying the assumption of the lower bound of the expected average cure rate (columns) and the probability of 21 arm being dropped (rows). The lower bound

used for determining the timing of analyses was 0.6 and the probabilities of dropping an arm were 30%, 50% and 70%.
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5.4.3 Power for final analysis

There is a lot of uncertainty about the power for each comparison in the final analysis, due to
the overall sample size being determined by the monitoring analyses and the lack of
knowledge of the standard 12-week cure rates for this population, in which 50% of participants
are expected to have genotype 6. It is hypothesised that the overall cure rate is 95%, but the
cure rates in specific randomised groups may also vary depending on how the randomisations
relate to each other. In particular, how the cure rates in the shortened treatment with ribavirin
groups compare with shortened treatment without ribavirin groups and with standard
treatment groups will have an impact on power as these are the comparisons that can vary the

most against each other.

Based on previous research (137, 138), it is reasonable to assume that the cure rates between
the different drug regimens will either be equal or very similar such that it will have only a very
small effect on the power. If it is also assumed that the regimen null hypothesis is rejected and
there is a 5% absolute difference between participants taking ribavirin and those not then, due
the constraints of the regimen and ribavirin hypotheses, the cure rates in each group are

completely determined by the difference in cure rates between the shortening strategies.

There are three potential comparisons that are non-inferiority with respect to the standard
duration group: the pooled shortening strategy groups, the shortening strategy with ribavirin
groups, or the shortening strategy without ribavirin groups. If the pooled shortening strategy
groups are non-inferior to the standard duration group and there is a 5% ribavirin superiority,
then the groups taking ribavirin must have cure rates 2.5% higher than the standard duration
group and the groups not taking ribavirin must have cure rates 2.5% lower. If the shortening
strategy without ribavirin groups are non-inferior, then these groups must have a cure rate
equal to the standard groups and the shortening strategy groups taking ribavirin must have a
5% higher cure rate than the standard duration groups. Finally, if the shortening strategy with
ribavirin groups are non-inferior, cure rates in these groups will be equal to those in the
standard duration groups and those not taking ribavirin will have cure rates 5% below those in
the standard duration groups. These alternatives, in relation to the standard duration and

ribavirin groups cure rates, are shown in different columns of Table 5.7.

Power to determine non-inferiority for the regimen comparison using a 5% margin is mostly
unaffected by assumptions about different values for the standard 12-week cure rate with
power varying between 97-99%. Power to determine non-inferiority in the strategy
comparison using a 10% margin is 100% when the ribavirin group cure rate is higher than the
standard duration cure rate, but drops to 96% when the cure rates in the two groups are

equal. Power is lower for the ribavirin comparison, and so for if testing for superiority in the
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regimen comparison, than for the non-inferiority comparisons but remains high at >90%

regardless of the standard duration cure rate and ribavirin effect.

Table 5.7: Group specific cure rates and power for 1092 participants with an overall 95% cure

rate

Ribavirin group cure rate compared
to 12 week standard treatment cure

rate

5% higher 2.5% higher  Equal

Group-specific cure rates:

Standard 12 week treatment groups 93.3% 95% 96.7%
Shortened treatment with ribavirin groups 98.3% 97.5% 96.7%
Shortened treatment without ribavirin groups 93.3% 92.5% 91.7%

Power for a:

5% non-inferiority margin for regimen 99% 98% 97%
comparison

10% non-inferiority margin for strategy 100% 100% 96%
comparison

5% absolute difference for ribavirin comparison  98% 95% 91%

Note: Assumes no groups have been stopped during recruitment.

5.4.4 Typelerror

As discussed in the background, there is some dispute about whether all trials, particularly
trials under the Bayesian paradigm, need to have strict control over the type | error rate. In
VIETNARMS, there are many hypotheses that are tested throughout the trial, in both the

monitoring and final phases of the trial, but there is no multiple-test correction.

During the monitoring phase, interim analyses will examine if each single group has a true cure
rate >90%. These tests will be repeated at every interim analysis and as the trial is factorial,
each group is not independent from all other groups: for example, unless there is an extreme
interaction between the strategy and ribavirin randomisations, all groups taking ribavirin
cannot be considered to be independent. Most trials will account for this using a less
restrictive stopping guideline or using a multiple-testing correction, such as the Haybittle-Peto
rule or Bonferroni correction. However, VIETNARMS does not. This is partly because not
making adjustments while using Bayesian statistics is more accepted and easier to implement,
and therefore also easier to justify, than frequentist methods. Additionally, multiple testing
will only decrease the probability that the true cure rate of a group is <90% and therefore may
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allow groups to progress to the final analysis unnecessarily. However, strict control of groups
included in the final analysis is not needed as the 90% cure rate is arbitrary and any errors

made during the monitoring phase can therefore be resolved at the final analysis.

For the final analysis, the hypotheses are comparative making these distinct and independent
from the previous interim analyses. As all the randomisations and strategies are distinct and
will be reported together, there is no need to control the type | error rate for this analysis

(117).

5.4.5 Limitations of the design

A potential weakness in the design is that the sample size was not originally calculated using
Bayesian principles, but primary analyses will be conducted using Bayesian methods to allow
for the calculation of posterior probabilities exploring the difference in cure rates between the
interventions. However, for the non-inferiority comparisons, sample size estimates obtained
using Bayesian methods are similar to or smaller than those obtained using frequentist
methods (140), suggesting that our design is likely to be conservative. Additionally, secondary
analyses will use frequentist methods for comparison. The overall sample size has an effect
only on the number of interim analyses and has no effect on the timing of them. The timing of
the analyses is based on observing a given number of outcomes given an average cure rate
distributed over 60-90%. It is possible that a large increase in sample size may increase the rate
of recruitment, for example by having more study centres join and help recruit for the trial, but
if this rate does not change then the numbers of outcomes at each time point will not change.
A change in sample size is also clearly independent of the true cure rate of the strategies, and

so the timing of the interim analyses are not affected.

As the analyses will be Bayesian, priors have been chosen, but as there is a lack of previous
data to guide the selection of these priors they may not be appropriate. For the monitoring
prior, it is assumed that one strategy will fail completely. It is likely that if a strategy performs
very poorly in one arm, all four arms of that strategy will perform poorly. For those strategies
that exceed the stopping criteria slightly it may be possible that not all arms of that strategy
fail. Additionally, more than one strategy may fail. However, as the prior is relatively
uninformative the data accrued during the trial will have a strong influence on the prior
lessening the effect of the initial prior choice as the trial continues. An updated analysis may
need to be performed if the choice of prior appears to be grossly incorrect. For the final
analysis, the control cure rate prior suffers from the same issues as the monitoring prior and
may need to be altered. For the remaining priors in the final analysis, it is planned to use
uninformative priors for the primary analysis, with sceptical and enthusiastic priors for

sensitivity analyses, so these are designed not to have an impact on the analysis.
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The timing of and the number of participants at interim analyses are determined by at least
one group, usually the 4 week treatment group with PEG-IFN since this has the shortest overall
treatment duration, reaching a certain probability threshold of being stopped. This may mean
delays in identifying unsuccessful groups receiving other strategies. This is unlikely if groups
have cure rates lower than the average cure rate because, as discussed above, these will be
detected faster than anticipated, but delays may occur if the cure rate is above the average,
but <90%. As the treatment length of participants in the RGT groups is unknown until after
their day 7 visit, it is not possible to stagger treatment start dates so that the length between
randomisation and EOT is the same for all strategies. Staggered treatment start might also lead
to drop out after randomisation but before starting treatment, leading to inefficiency and
potential bias. Cure rates will be monitored and if the timing rule is found to be inappropriate
it can be adjusted to change the timing or frequency of analyses with no penalty to the
probability of incorrectly stopping recruitment into a randomised group, due to the use of

Bayesian monitoring (121).

The power calculations for the final analysis assume that all groups will be included and that
no groups have been stopped. It is possible that power will be lower if fewer groups are
included due to some groups being stopped if they meet the stopping criteria, but for most
comparisons with a full sample, power is very high and is likely to remain acceptable at the
final analysis even with the exclusion of some participants. To help preserve power, if groups
are stopped early subsequent participants will be randomised to open groups. The power
calculations were also estimated using frequentist methods, though the primary analysis will
use Bayesian methods. However as power is extremely high, the analogous concept to power
in Bayesian analysis, that for non-inferiority comparisons the lower credible interval bound is
above the non-inferiority margin, is likely to be similarly high. Additionally, due to the many
possible combinations of strata and groups that could be stopped with different true and
observed failure rates and at different times, examining the impact of stopping multiple
combinations would require a large number of assumptions, probably also using a factorial
simulation design, and hence would be a large piece of additional work in its own right
separate to the work in this chapter. This is also the case for examining the impact of stopping

multiple randomised groups on other aspects of the trial, such as bias.

5.4.6 Alternative designs

Alternative Bayesian designs include basing the stopping guideline on a predictive probability,
the probability of achieving a success at the end of the trial, which have been used elsewhere
(141). In VIETNARMS, a success during the monitoring period is stopping a genuinely inferior

group, which means that there is a >0.95 posterior probability of a <90% true cure rate in that
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group. A rule based on predictive probabilities would then state a group will be stopped at an
interim analysis if there is a >0.95 chance of stopping a group at the end of the trial (Pr([Pr(true
cure rate<0.9|z)>0.95] | x)>0.95 where x is the data currently observed and z the complete data
with all outcomes observed). For the monitoring beta(4.5, 0.5) prior and a fully recruited
group, the stopping criteria is met with 13 failures so equivalently the group is stopped if there

is @ >0.95 chance of observing 213 failures in the fully recruited group.

Predictive probabilities place a large emphasis on the arbitrary target cure rate of 90%, and
hence were not used for VIETNARMS. The final analysis will compare strategies against control
and not test cure rates in individual groups. The aim of monitoring is to detect poorly
performing groups and stop them early, rather than to ultimately achieve a particular cure rate
threshold within a group at the end of the trial, as there may be other advantages to strategies
that have a slightly lower cure rate than 90% in specific populations or circumstances.
Compared to the posterior probability based stopping guideline, using predictive probabilities
requires a similar number of failures or more to stop a group (Table 5.8), so they do not offer
any benefits in detecting poorly performing groups more quickly for this design, though it may
for others (141). Stopping rules and guidelines based on posterior probabilities can be
converted to those based on predictive probabilities (142) so interim analyses can incorporate

predictive probabilities to provide more information to the DMC if needed.

Another approach would be to analyse the outcome data after every reported outcome rather
than at scheduled interim analyses, which could reduce the time until a genuinely inferior
group is stopped. Implementing this would be complex due to the many groups and varying
treatment lengths. The small benefit in the reduction in time would not justify the additional

work required to monitor outcomes intensely.

In VIETNARMS, if a group performs badly then randomisation will completely stop into that
group. Alternatively, the trial could have utilised response adaptive randomisation where all
groups would be retained, but the allocation ratio would alter to favour randomisation into a
group that is showing the most potential. This design was not considered suitable for
VIETNARMS for several reasons. Firstly, each group will be tested separately and, as the
randomisation is factorial, each group is the result of multiple randomisations and so it could
be unclear how to adapt the randomisation allocations correctly. For example, the ribavirin
groups may perform better with one shortening strategy but much worse with another
strategy; in this case it is unclear how the ribavirin randomisation allocation should be
changed. Secondly, if a group is performing particularly badly and there is no prospect of that
strategy being adopted, then continuing with that group would be a burden on resources,

including on the number of participants enrolled. Thirdly, in an open-label trial such as
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VIETNARMS, response-adaptive randomisation risks unblinding investigators to the relative
performance of open groups, information which is usually privy only to a Data Monitoring

Committee.

Table 5.8: Probabilities of stopping a group in VIETNARMS using either a posterior

probability rule or a predictive probability rule

Stop if >95% posterior probability of Stop if >95% predictive probability of >95%
true cure <90% posterior probability of true cure rate <90% in
fully recruited arm (i.e. 13 failures)

Total at | Failures P(observed P(observed Failures P(observed P(observed

EOT+12 | needed to failures2G  failures 2G | | needed failures 2F | 12  failures 2F |
stop (G) | true true to stop failuresin fully  true cure=90%)

cure=89%) cure=90%) (F) recruited arm)

3 3 0.001 0.001 3 0.003 0.001

4 3 0.005 0.004 3 0.012 0.004

5 3 0.011 0.009 4 0.002 0.0005

6 3 0.021 0.016 4 0.005 0.001

7 3 0.033 0.026 4 0.011 0.003

8 4 0.007 0.005 4 0.020 0.005

9 4 0.012 0.008 4 0.033 0.008

10 4 0.018 0.013 5 0.008 0.002

11 4 0.026 0.019 5 0.013 0.003

12 4 0.035 0.026 5 0.021 0.004

13 4 0.046 0.034 5 0.030 0.006

14 5 0.014 0.009 5 0.043 0.009

15 5 0.019 0.013 6 0.012 0.002

16 5 0.025 0.017 6 0.017 0.003

17 5 0.032 0.022 6 0.025 0.005

18 5 0.041 0.028 6 0.034 0.006

19 5 0.050 0.035 6 0.009 0.002

20 5 0.061 0.043 6 0.013 0.002

21 6 0.022 0.014 7 0.018 0.003

22 6 0.028 0.018 7 0.025 0.004

23 6 0.034 0.023 7 0.033 0.005

24 6 0.042 0.028 7 0.042 0.007
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Stop if >95% posterior probability of

true cure <90%

Stop if >95% predictive probability of >95%

posterior probability of true cure rate <90% in

fully recruited arm (i.e. 13 failures)

Total at | Failures P(observed P(observed Failures P(observed P(observed
EOT+12 | needed to failures>G failures 2G | | needed failures 2F | 12 failures >F |
stop (G) | true true to stop failuresin fully  true cure=90%)
cure=89%) cure=90%) (F) recruited arm)
25 6 0.050 0.033 7 0.054 0.009
26 6 0.059 0.040 7 0.068 0.011
27 7 0.024 0.015 8 0.022 0.004
28 7 0.029 0.018 8 0.029 0.005
29 7 0.034 0.022 8 0.037 0.006
30 7 0.041 0.026 8 0.046 0.008
31 7 0.048 0.031 8 0.058 0.010
32 7 0.056 0.036 8 0.071 0.012
33 7 0.064 0.042 9 0.023 0.004
34 8 0.028 0.017 9 0.029 0.005
35 8 0.033 0.020 9 0.036 0.006
36 8 0.039 0.024 9 0.045 0.008
37 8 0.045 0.027 9 0.056 0.009
38 8 0.052 0.032 9 0.069 0.011
39 8 0.059 0.037 9 0.083 0.013
40 8 0.067 0.042 9 0.100 0.016
41 8 0.075 0.048 10 0.032 0.006
42 9 0.036 0.021 10 0.040 0.007
43 9 0.042 0.024 10 0.049 0.009
44 9 0.047 0.028 10 0.061 0.010
45 9 0.054 0.032 10 0.074 0.012
46 9 0.061 0.036 10 0.089 0.014
47 9 0.068 0.041 10 0.107 0.016
48 9 0.076 0.046 10 0.127 0.019
49 10 0.038 0.022 11 0.037 0.008
50 10 0.043 0.025 11 0.046 0.009
51 10 0.049 0.028 11 0.057 0.011
52 10 0.055 0.032 11 0.070 0.013
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Stop if >95% posterior probability of

true cure <90%

Stop if >95% predictive probability of >95%

posterior probability of true cure rate <90% in

fully recruited arm (i.e. 13 failures)

Total at | Failures P(observed P(observed Failures P(observed P(observed
EOT+12 | needed to failures>G failures 2G | | needed failures 2F | 12 failures >F |
stop (G) | true true to stop failuresin fully  true cure=90%)
cure=89%) cure=90%) (F) recruited arm)
53 10 0.061 0.035 11 0.085 0.014
54 10 0.068 0.040 11 0.103 0.017
55 10 0.075 0.044 11 0.124 0.019
56 11 0.040 0.021 11 0.148 0.021
57 11 0.044 0.024 11 0.175 0.024
58 11 0.050 0.027 12 0.041 0.011
59 11 0.055 0.031 12 0.051 0.013
60 11 0.061 0.034 12 0.064 0.015
61 11 0.068 0.038 12 0.080 0.017
62 11 0.074 0.042 12 0.098 0.019
63 11 0.081 0.047 12 0.122 0.021
64 12 0.045 0.024 12 0.150 0.024
65 12 0.050 0.026 12 0.184 0.026
66 12 0.055 0.029 12 0.224 0.029
67 12 0.060 0.033 12 0.273 0.033
68 12 0.066 0.036 12 0.332 0.036
69 12 0.073 0.040 12 0.402 0.040
70 12 0.079 0.044 12 0.485 0.044
71 12 0.086 0.048 12 0.583 0.048
72 13 0.049 0.025 12 0.700 0.053
73 13 0.054 0.028 12 0.838 0.058
74 13 0.059 0.031 12 - 0.063
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5.5 Key findings

With the given trial design and stopping guideline, the probability of incorrectly
stopping a group is maintained <0.05.

The probability of correctly stopping a group is very high when the true cure rate is
60% and there is still a reasonable chance of stopping a group with higher true cure
rates (such as 80%).

For this design, four interim analyses were chosen in month 7, 10, 13, and 18 after
starting recruitment.

Power is high for all comparisons in the final analysis.

Overall, the design is statistically adequate for the aims of the trial.
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6 Discussion

6.1 Summary of key results

In this thesis | have investigated which patients and which treatment strategies would be most
suitable for short-course HCV treatment by exploring associations between patient
demographics and treatment options and several outcomes associated with treatment failure,

including QoL.

Baseline VL was the key determinant in deciding which patient might be most suitable for
receiving short-course treatment as it was associated with all three outcomes investigated:
those with higher baseline VLs were more likely to have an early treatment failure and a higher
peak rebound VL once they had a treatment failure. Other groups of patients that were more
likely to fail, and have an earlier failure when they did so, were those with HCV genotype 1a
(compared to 1b) and those who received shorter durations of treatment. Having resistance to
prescribed DAAs and current substance abuse greatly reduced the probability of a patient
curing on short-course HCV treatment. Other factors that should be considered when deciding
whether a patient might cure with short-course treatment are IL28B genotype, bilirubin,
Fibroscan score and age. Ribavirin was associated with higher rates of SVR12 in those receiving
the shorter 4-7 week length treatment and, despite being known to cause more adverse
effects than DAAs alone, did not have a strong or lasting negative effect on QoL. Treatment

length did not have a discernible effect on Qol, either.

| have also developed the design of a complex trial that aimed to test different strategies and
treatment options for short-course HCV treatment. | showed that the operating characteristics
of the stopping guideline for the trial were appropriate, with the probability of incorrectly
stopping a group adequately maintained below the expected 0.05 and a reasonably high
probability of correctly stopping a group with unacceptably low cure rates, that increased as
the true cure rate in the strategies decreased. | developed a monitoring plan consisting of four
interim analyses, timed to maximise the chance of stopping a poorly performing strategy. | also

found that power at the end of the trial would be very high.

6.1.1 Chapter 2 - Factors associated with SVR12

Chapter 2 of the thesis investigated factors associated with SVR12 with data from the STOP-
HCV-1 trial and estimated probabilities of cure for specific groups of patients based on these
factors. For the 4-7 week variable duration treatment, a lower baseline VL, HCV genotype 1b
(rather than 1a), IL28B genotype CC (rather than CT or TT), higher baseline bilirubin, not having
baseline resistance to prescribed DAAs or no current substance abuse were all independently

associated with higher rates of SVR12. No on-treatment or end of treatment factors added
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important prognostic value compared with baseline factors alone. The probabilities of cure
estimated from the baseline model indicate that patients infected with HCV genotype 1a who
do not have resistance to prescribed DAAs or current substance abuse, or patients infected
with genotype 1b who do not have current substance abuse have the highest probability of
cure on short-course treatment. Due to the low probability of cure, patients with both
resistance to prescribed DAAs and current substance abuse should not receive short-course

treatment.

Alternative model building techniques were used and factor selection and prediction
probabilities between the different models selected were compared. For all three model
building techniques, the factors selected were similar, and even identical for the backwards
elimination and best subset regression models using multiply imputed data. The predicted
probabilities of SVR12 were very similar between the backwards elimination and best subsets
regression models; the predictions from the lasso model were less likely to indicate very high
or very low chance of cure but correlation between predictions from all models was very high

(Spearman rho>0.94).

Factors associated with SVR12 in participants who received 8-week fixed duration treatment
were also investigated, but no strong associations were identified due to the very high cure
rate in this group. Albumin and creatinine were associated with SVR12, but their effects were

not large and the evidence for their effects was not particularly strong.

6.1.2 Chapter 3 - Factors associated with time to treatment failure and viral kinetics
Chapter 3 of the thesis extended the work of Chapter 2 by estimating the kinetics of viral load
rebound in those who actually failed using linear mixed models, allowing for random effects
between participants, and explored factors associated with the kinetics and associated with
time to treatment failure in the STOP-HCV-1 and SEARCH-1 trials. A longer length of DAA
treatment, HCV genotype 1b (compared to 1a), lower baseline VL and being younger were all
independently associated with a longer time until treatment failure. The trial a participant was
enrolled into was also a factor (SEARCH-1 participants had a longer time until treatment
failure, despite a more intense visit schedule after completing treatment), which likely acts as

a proxy factor for a combination of other factors, including HCV genotype 6.

Without adjusting for factors associated with viral kinetics, the peak rebound VL was 6.02 logio
IU/ml (95% CI 5.77, 6.28) with an increase in the slope from treatment failure to peak VL of
0.60 logio IU/ml (95% ClI 0.40, 0.80) per week. Factors associated with a higher peak VL were
being enrolled into SEARCH-1, receiving ribavirin, HCV VL being <LLOQ at end of treatment, a

higher baseline VL, not having baseline resistance to prescribed DAAs and a higher Fibroscan
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score. Having a shorter time between the treatment failure visit and the preceding VL
measurement and genotype IL28B CC were associated with a greater increase in VL between
treatment failure and peak rebound VL (first slope in the models); there were no factors
associated with the change in VL after peak VL (second slope in the models). After adjusting for
all the factors above, most of the variance in the peak VL had been explained indicating that
the key factors associated with peak VL had mostly likely been identified. The predicted peak
rebound VLs were numerically similar or slightly lower than the observed baseline VLs. A key
limitation of the kinetics analysis is the differences in visit schedules between the two trials
and the assumed common timing of peak rebound VL after the first VL observed to meet the

prespecified failure definition.

6.1.3 Chapter 4 — Quality of life of short-course treatment

Chapter 4 of the thesis examined QoL of participants in the STOP-HCV-1 trial at the point of
completing treatment (EOT) and at the point of the visit confirming cure or starting
retreatment (EOT+12/RT DO). For the two comparisons of treatment length (4-6 week VUS1 vs
4-7 weeks VUS2; 4-7 weeks variable duration vs 8 week fixed duration) there was no clear

indicator that length of treatment had an impact on QoL at either time point.

Participants who took ribavirin reported more problems in performing usual activities at EOT
and had a trend towards worse QoL in the SF-12 summary scores for both physical and mental
health at EOT. However, at EOT+12/RT DO these effects were no longer apparent, which is
consistent with previous studies that have shown a return to baseline QoL or higher after an
initial decline while taking ribavirin (90, 92, 100, 104, 105). As anaemia is a common adverse
event associated with taking ribavirin, the impact of anaemia on QoL was also investigated.
After adjusting for anaemia, the trend towards worse physical QoL on the SF-12 for those
taking ribavirin was no longer present suggesting that the negative effects on physical QoL may
be due to ribavirin-associated anaemia, and not ribavirin itself. However, the trend towards
negative mental QoL was strengthened after adjusting for anaemia, suggesting this association

may have a different pathway.

At EOT, those who later cured reported numerically similar QoL to those who later
experienced treatment failure. At EOT+12/RT DO, there were some areas on the EQ-5D-5L
where those who failed had numerically worse QoL scores. Previous studies have shown a
more positive benefit to QoL after achieving SVR12 (91-96, 101-103); however, the comparison
in these previous studies was to a participant’s baseline score and not to participants who

failed on treatment, which was the analysis performed here.
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The main limitation of this analysis is that a large number of statistical tests were performed
and no adjustment was made for multiple testing, so despite the small number of associations

found, any significant result may be erroneous.

6.1.4 Chapter 5 — Statistical aspects of the VIETNARMS trial

Chapter 5 of the thesis assessed the statistical aspects of the VIETNARMS trial, which planned
to investigate several HCV drug shortening or sparing strategies using a complex factorial
design and a Bayesian early stopping mechanism for strategies that were unlikely to perform
well. The stopping guideline stated that recruitment into a group would stop if there was a
>0.95 posterior probability of the true cure rate being <90%. The probability of incorrectly
stopping a group using the guideline was always maintained below 0.05 if the true cure rate
was 90%, with the probability decreasing as the true cure rate increased. The probability of
correctly stopping a group with a low cure rate was very high when the true cure rate was low
(>90% chance of stopping after analysing 21 or more outcomes if the true cure rate was 60%)
and was still acceptable in higher cure rates (>50% chance of stopping after analysing 40 or

more outcomes if the true cure rate was 80%).

A monitoring plan was developed with four interim analyses chosen to be performed in month
7, 10, 13 and 18 after starting recruitment. The average probability (assuming a true cure rate
uniformly distributed over 60-90%) of stopping a genuinely inferior group at the first analysis
was very low, but would be higher if the true cure rate was lower than this. The average
probability of stopping a group with cure rate genuinely <90% increased to >0.43 for all
strategies at the third analysis. A limitation of the monitoring plan is that it was based on one
strategy reaching a threshold of being stopped; however due to the Bayesian design, there was
no penalty from performing more interim analyses if the independent DMC felt it necessary to

monitor a different group’s outcomes at a separate time point.

As the original sample size calculation was determined by the monitoring analyses, power at
the end of the trial was also assessed. | showed that the power to conclude non-inferiority
using a 5% non-inferiority margin for the regimen comparison and a 10% non-inferiority
margin for the strategy comparison and to conclude superiority using a 5% absolute difference
for the ribavirin comparison, was always high (>91%) regardless of the comparator strategy
group (non-ribavirin group, ribavirin group, pooled group) and the assumption of the effect of
ribavirin. These power calculations assumed that no groups would be stopped during
recruitment: power would decrease if recruitment into a group was stopped. However, power
would likely remain at a sufficiently high level given the very large power estimated, and that

any remaining participants would be recruited into other continuing groups.

164



6.2 Comparison of factors selected between models

When investigating factors associated with treatment failure, | considered three different
types of outcomes: failure vs cure at SVR12, rebound kinetics in those who failed and time to
failure after EOT. Each model included different groups and numbers of participants and so
there were varying amounts of power to detect associations with the outcomes. For the
outcome of failure vs cure, 87 participants in the 4-7 week variable duration group in STOP-
HCV-1 trial were included. For the rebound kinetics outcome, 69 participants with treatment
failure from SEARCH-1 and STOP-HCV-1 were included, regardless of duration randomisation.
For the time to treatment failure outcome, 242 participants from both trials were included,
regardless of SVR12 status and duration randomisation. Although there may be clinical reasons
as to why one factor was associated with one outcome and not another, it may also be due to

a lack of power in the models containing fewer participants.

While the outcome of rebound kinetics is clearly distinct from the other outcomes, the
outcomes of SVR12 and time to treatment failure after EOT are similar as the outcome of time
to treatment failure incorporates if a participant failed as well as the timing of their treatment
failure if they did fail. | investigated time to treatment failure in addition to SVR12 as, due to
incorporating information about the timing of failure, this could theoretically have more power
to identify factors associated with treatment failure. Those taking 8-week fixed length
treatment were included to also increase power; however the inclusion of these participants
may also have diluted the effect of some factors if the effect was not present or was reversed
in these participants. Of note no strong factors were associated with SVR12 in these

participants when they were considered separately in Chapter 2.

Considering the three different types of outcomes, baseline HCV VL was the only factor
selected in all three models, with a very strong association with the outcome being
investigated in each case (p<0.001) (Table 6.1). This indicates that it is likely to be the most
important factor in determining which patients are suitable for short-course treatment. Low
baseline VL (most commonly defined as <2,000,000 IU/ml) has been widely shown to be
associated with SVR12 (44-47, 50), and will likely be part of any future criteria for selection for
short-course DAA therapy. However, it is not clear what length treatment a patient needs
given a specific baseline VL as few studies have attempted to trial different lengths of
treatment based on baseline VL: apart from STOP-HCV-1, which used a sliding scale to
determine days of treatment based on baseline VL, only one study restricted eligibility based

on a low baseline VL (<2,000,000 1U/ ml) (42).

165



Within this thesis, baseline VL was considered only as a continuous factor and not
dichotomised into groups that would receive either short-course or standard duration
treatment or categorised into several groups each with different treatment lengths.
Categorisation of continuous factors can lead to decreased power, which was already limited
due to the small sample size, and it can also introduce residual confounding (143). However, a
clear threshold determining which patients can receive short-course treatment is simpler to
use in a clinical setting and is therefore more useful to clinicians. Further work could attempt
to identify this threshold by comparing the discrimination of various VL thresholds for
identifying SVR12 with short-course treatment using area under the ROC curves, and then
further assessing the suitability of the thresholds by seeing how they perform in the models
examining time to treatment failure and VL kinetics. The majority of previous studies using
DAAs have used <2,000,000 IU/ml as the criteria for low baseline VL so this could be used as an
initial threshold for investigation; however other studies have also used 800,000 IU/ml and
4,000,000 IU/ml (47, 50). Higher thresholds would not be possible to test due to the low
number of participants enrolled in STOP-HCV-1 with high baseline VLs: only 11 participants had
a baseline VL >6,000,000 IU/ml.

Having HCV genotype 1b was associated both with SVR12 and a longer time to treatment
failure, however it was not associated with the kinetics of VL rebound in those who failed. It is
possible that those infected with genotype 1a simply needed more days of treatment to cure,
potentially due to being more likely to develop DAA resistance (58) with no other impact on VL
if they actually failed. However, there may also have been a lack of power to detect a
difference in peak rebound VL due to the smaller number of participants included in the

kinetics analysis compared to the other analyses.

HCV genotype has previously been associated with cure in the literature, predominantly a
lower chance of curing with genotype 3 and DAAs (in contrast with PEG-IFN alone where
lowest cure rates occurred in genotype 1). Specifically for subtype 1b, one previous study had
identified genotype 1b as associated with higher SVR12 (45) and another study which limited
eligibility to those infected with genotype 1b as well as a rapid viral response (defined as <500

IU/ml two days after starting treatment) saw 100% SVR12 with only 3 weeks’ treatment (41).

Although there was strong evidence for the effect of genotype 1b on SVR12 (p<0.001), it was
selected in only 9% of bootstrap models for SVR12. As it was also selected as a factor for time
to treatment failure with reasonably strong evidence (p=0.02) and has been previously
identified in the literature, instead of HCV genotype being an unlikely factor, it is possible that
it was not selected more frequently due to the instability of the bootstrap models. Another

possibility is that genotype is highly confounded or mediated by other factors that were
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selected in the bootstrap models instead. To determine the reason for why HCV genotype was
not selected in more bootstrap models, the factors that were selected in models including
genotype could have been compared with the models not including genotype. However, due
to the large number of factors and number of bootstraps this may not have been a simple

process.

Treatment length was also independently associated with both SVR12 and time to treatment
failure: for the SVR12 model, this was through the selection of VUS strategy (4-6 weeks vs 4-7
weeks) and in the time to treatment failure model this was simply days of DAA treatment. As
for HCV genotype, longer treatment was not associated with VL rebound kinetics in those who
failed. Longer lengths of treatment, even within short-course therapy, are widely known to
lead to higher SVR12 rates (78), however longer durations of treatment are not suitable for all
patients and the higher risk of treatment failure with shorter treatment durations may be a

beneficial compromise if the alternative is for the patient to receive no treatment.

Although it is known that longer treatments have a higher chance of cure, it can be important
to quantify the difference in cure rate between different lengths of treatment depending on
the reason for why short-course therapy is necessary. If a patient can only afford a specific
length of treatment, it is important for them and the clinician to know their chance of curing
on that length of treatment so that they can make an informed choice about whether it would
be sensible to proceed or not, particularly as the patient would be unlikely to afford
retreatment which would be longer in duration. However, it is less helpful in this scenario as a
patient who would be unable to afford the extra length in DAA treatment would also be
unlikely to afford the VL testing, genotype and DAA resistance testing required for an accurate
prediction of a suitable short-course treatment length. A similar situation would occur in
patients who would be unlikely to adhere to treatment in the community but may be able to
receive monitored therapy for a short time, such as for an inpatient hospital admission; if it is
known at admission the likely length of stay, if the probability of cure was high enough it may
be advantageous to initiate DAA treatment as soon as possible. Additionally, if a patient has
already received a given length of treatment but is likely to require a lot of support to
complete a week, or more, of extra treatment, the increase in cure rate from the extra
treatment can be considered alongside any costs to determine if the extra treatment is

ultimately beneficial to the patient.
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Table 6.1: Factors selected in each multivariable model (complete cases only)

Predictors of SVR12 model (STOP-HCV-1 Time to treatment failure after EOT VL rebound model (STOP-HCV-1 & SEARCH-1
N=87; Chapter 2) model (STOP-HCV-1 & SEARCH-1 N=69; Chapter 3)
N=242; Chapter 3)

Peak rebound VL Slope from treatment
failure to peak VL
Higher baseline HCV VL - - +
Genotype: 1b vs 1a + +
IL28B: CC vs CT/TT + +

Baseline resistance to DAAs - -

Current substance abuse -

Higher bilirubin +

Received ribavirin + +

VUS strategy (VUS2 vs VUS1)/days of DAA + +

treatment*

Trial (SEARCH-1 vs STOP-HCV-1)** N/A + +

Older age -

Higher Fibroscan score +

>LLOQ HCV VL at EOT** N/A -

Time of preceding visit to treatment failure** N/A N/A -

*VUS strategy was only available for selection in the SVR12 model; days of DAA treatment was available for selection in the time to treatment failure and kinetics model. Although
not measuring exactly the same thing, they are combined in one row here as both are measuring longer treatment.

**Trial and >LLOQ HCV VL at EOT were only available for selection in the time to treatment failure and VL rebound models which included data from SEARCH-1 as well as STOP-
HCV-1; time of preceding visit to treatment failure was only available for selection in the rebound model.

Note: +/- indicates factor as a positive/negative effect on the outcome: for SVR12 and time to failure this is increased risk of failure or shorter time to failure and for rebound
model is change in VL.
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Both baseline resistance to prescribed DAAs and ribavirin were associated with SVR12 and
peak rebound VL, but not time to treatment failure. Those with baseline DAA resistance were
more likely to have a treatment failure, but had a lower peak rebound VL when they failed,
whereas participants who took ribavirin were less likely to fail, but had a higher peak rebound
VL when they failed. A lower peak rebound VL indicates that there may well be a fitness cost to
being less susceptible to DAAs that hinders viral replication. It is possible that although higher
levels of virus or infected cells remain in those with DAA resistance, treatment failure is
detected at a similar time to those without DAA resistance due to the slower replication. DAA
resistance was not found to be associated with time to treatment failure; this may be
explained by the inclusion of SEARCH-1 participants who had higher levels of DAA resistance
than those in STOP-HCV-1 (92% vs 14%) and participants who received 8-weeks of treatment in
STOP-HCV-1 diluting the effect of DAA resistance that was identified in those receiving 4-7

weeks variable length treatment in STOP-HCV-1 alone.

Resistance to DAAs is a factor that has previously been identified as associated with SVR12 in
short-course treatment (45, 47); however | could not identify a reason in the literature why
ribavirin why would lead to a higher peak VL. The higher peak VL may be related to the lower
rates of emergent resistance to prescribed DAAs observed in those who took ribavirin in the
STOP-HCV-1 trial, which would explain why its effect on peak VL in those who fail is opposite to
the effect of baseline resistance. If the rebounding virus in those who did not take ribavirin had
more mutations than in those who did due to higher levels of emergent resistance, if the
mutations had a fitness cost that impacted viral replication, then a lower peak rebound VL
would be expected in those who did not take ribavirin than those who did. Models may simply
have identified ribavirin rather than resistance as the factor most strongly associated with

outcome due to small numbers and instability or chance.

Having the CC variant of the IL28B gene was weakly associated with SVR12 (p=0.09) and was
also associated with the rate of change in VL between treatment failure and peak VL, but was
not associated with time to treatment failure. Previous research has shown an association
between this variant and both SVR12 with treatment and spontaneous cure in some patients
(47, 50, 59). As those with IL28B CC have a stronger immune response to HCV, it is unclear why
they would have a faster rebound; it may be due to treatment failure being detected at a
different time point in the rebound than in those with genotype CT or TT, and so instead of
comparing the same point of the trajectory curve for both groups, it is instead comparing
different parts of the trajectory curve. It is unlikely that viral rebound occurs at a constant rate
for the entirety of its trajectory and it may be faster at times than others; thus it is possible

that, for those with genotype CC, their treatment failure is being detected at a time point
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when the trajectory curve is steeper than for those with CT or TT, but ultimately their overall

rebound trajectories are similar.

Although IL28B genotype was not associated with time to treatment failure, this may be partly
because different significance thresholds were used in for model selection in the SVR12
models and time to failure models: the SVR12 model used p<0.157 (AIC) and the time to failure
model used p<0.05. If the same threshold of p<0.157 was used for both models, IL28B would
be selected as a factor in the time to failure model (p=0.11). However, as power should be
higher in the time to failure model, but the strength of the evidence decreased, it is possible
that IL28B is not genuinely associated with SVR12 and was only selected in the SVR12 model

due to the higher significance threshold, and so is a false-positive finding.

The trial a participant was enrolled into was associated with the time to treatment failure and
viral rebound kinetics, both models where data was combined from the two trials. It is not
clear what aspects of the trials this is acting for a proxy for, but it is likely to at least in part
represent participants with HCV genotype 6, who were only eligible for SEARCH-1, as the effect
of trial reduced when genotype 6 was forced in the kinetics model. As trial was selected in
addition to HCV genotype in the time to failure model (although there was no evidence of a
difference between genotype 6 and 1a, p=0.39), it is likely to represent additional factors such
as other aspects of patient management and potentially also adherence to treatment. For
example, 10% of SEARCH-1 participants reported missing doses, compared to 28% in STOP-
HCV-1. As trial is a proxy for several factors, including potentially some that were not offered
for selection in the model, there will be higher power to detect the association with trial
overall compared to any individual factors offered to the model, and therefore trial may have

been selected instead of these factors.

All other factors identified were associated with only one of the different outcomes |
considered. It is possible that these factors were only related to this outcome alone, or that
their effects were being mediated through other factors that were selected in the other
models. It is also possible that they were not identified due to the different demographics of
the two trials, reducing power to detect an effect in models combining both. For example,
although current substance abuse was identified as associated with SVR12 in STOP-HCV-1
participants, no SEARCH-1 participant reported current substance abuse and therefore the
power to detect the association in the larger data set would have been lower and the effect of

current substance abuse diluted.

All the associations identified and discussed here are patient baseline demographics or aspects

of treatment and trial design. Although on treatment and end of treatment factors were not
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considered for the time to treatment failure and rebound kinetics models, apart from viral
suppression at EOT and the timing of the VL measurement preceding the treatment failure
visit, they were investigated as factors associated with SVR12 and none were independently
associated. However, post-baseline factors were only considered after baseline factors had
already been selected. It is possible that if these factors had been explored alongside the
baseline factors, they may have been chosen instead of the baseline factors. However, due to
the limited sample size, | chose not to test all potential factors at the same time and any future
work that did consider baseline and post-baseline factors would likely need a larger sample

size that also had a large proportion of treatment failures.

Other work within the SEARCH-1 trial has detected an association between change in ALT or
AST and treatment failure, but this was the change from EOT to EOT+12 and no adjustment
was made for any other baseline, on- or post-treatment factors (144). Additionally, while post-
treatment factors may be helpful in providing a cheaper or simpler way of identifying
treatment failure than monitoring VLs, it is less helpful in determining which patients need
longer treatment as treatment will have stopped several weeks earlier and treatment failure

may have already taken place.

6.3 An update to the VIETNARMS trial and design

VIETNARMS was designed as a factorial trial with two full factorial randomisations
(sofosbuvir/velpatasvir vs sofosbuvir/daclatasvir; standard 12-week duration vs 4-week
treatment with adjunctive PEG-IFN vs 4—-12-week response guided therapy vs 12-week
induction/maintenance) and one partial factorial randomisation (adjunctive ribavirin vs none,
in those receiving one of the three drug shortening strategies only). Randomisation was also
planned to be stratified by HCV genotype (6 vs not 6). As described in Chapter 5, there was a
Bayesian stopping guideline specifying that recruitment into a group would stop if there was a
>0.95 posterior probability of the true cure rate being <90%, with the primary final analysis
performed only on those groups that had not closed to recruitment. It planned to recruit 1092
participants at one site in Ho Chi Minh City in Vietnam over a period of two years, with four

interim analyses planned during the recruitment phase.

At the time of performing the analysis for and writing Chapter 5, the VIETNARMS trial was not
yet open to recruitment. Since then, the trial opened to recruitment on 19* June 2020 and

recruited its last participant on 10™ May 2023 with a planned first-line last participant last visit
in October 2023, although retreatment visits may take place after this time point. Recruitment

was not stopped in any group due to meeting the stopping guidelines | developed.
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Due to the COVID-19 pandemic and local lockdowns in Vietnam, recruitment became difficult
and had to pause at times. To help improve recruitment, a second site opened in Hanoi, which,
due to local variability in case rates and timing of lockdowns, could often recruit when the
main site in Ho Chi Minh City was unable to, and similarly for the Ho Chi Minh City site when
Hanoi was unable to recruit. Given the overall challenges in recruiting with COVID-19, the Trial
Steering Committee agreed that recruitment into the ribavirin groups should stop as this
would reduce the overall sample size considerably from 1092 to 624 and data from the STOP-
HCV-1 trial suggested there was unlikely to be a benefit from adjunctive ribavirin, whereas
there was no such data for the shortening strategies. This change in design had no impact on
the operating characteristics of the stopping guidelines as there was no change in size to the
remaining groups and there was no substantial change to the overall power at the final

analysis for the remaining comparisons.

For the timing of interim analyses, it was no longer possible for the fourth review to take place
as the planned total recruitment at that analysis was larger than the new total sample size. It
was possible for the DMC to have chosen to have the fourth interim analysis at an earlier than
planned time point, or any other additional interim analysis at any time of their choosing, but

this did not happen and only three interim analyses took place.

Table 6.2: Comparison of planned and actual interim analyses timing

First analysis Second analysis Third analysis
Planned Actual Planned Actual Planned Actual
Months since recruitment started 7 13 10 19 13 27
Total recruited/included in analysis 205 192/170 361 262/203 517 520/415
(out of maximum 624)
Total reached EOT+12 weeks 44 57 144 170 286 279
At EOT+12 weeks in:*
PEG-IFN group 5 7 14 18 24 36
RGT group 3 5 11 16 21 34
Induction/maintenance group 2 7 8 19 17 31

*For actual interim analysis, this is the mean of the groups for each strategy.

A comparison of the timing of and outcomes contributing to each interim analysis as planned
and as happened is in Table 6.2. Due to the slower than anticipated recruitment, interim
analyses could not take place at the original time points based on the start date of recruitment
and were instead based on the timing of the expected number of participants reaching 12
weeks after the end of first-line treatment, which could be estimated earlier from recruitment
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numbers. There was a slight discrepancy in the planned and actual number of outcomes due to
how recruitment numbers were monitored and the planning of the data entry deadlines and

the DMC meeting.

Although the total number of outcomes was similar between the planned and actual interim
analyses, the total in each group was much higher in the actual analyses. This is because the
participants were no longer being distributed between ribavirin and non-ribavirin groups but
were only allocated to non-ribavirin groups and so these increased faster than they were
originally planned to. The monitoring plan did not account for recruitment into groups being
stopped, especially into a large number of groups, and this would have been difficult to
incorporate due to the uncertainties of which groups would be successful at the design stage.
This difference meant that the probability of stopping recruitment into a failing group would
have been higher than planned and, as no group met the stopping guideline, this gives extra
support that the strategies have performed well. However, if recruitment into a group had
stopped, it would have stopped later than planned and fewer participants would have been

recruited into more successful groups.

The analysis of the first-line data will be performed shortly after the last first-line visit,
currently expected October 2023. Analysis of retreatment data will be performed either at the
same time or at a later time point, depending on when the last treatment failure occurs (the
latest time point a retreatment visit could theoretically occur will be April 2024, if the last

recruited participant fails at their very last first-line visit).

6.4 Strengths and limitations

The strength of this thesis is that very little previous work has examined data from short-
course HCV treatment trials to this extent. Some previous trials investigating short-course
treatment have identified some participant factors that were associated with SVR12, mostly
baseline VL, but these trials were smaller in size and the range of factors tested was more
limited (see Section 2.2 for more detail on these studies). While studies of standard duration
DAA treatment were larger, the cure rate was so high it would be very difficult to identify
many factors, unless they had implausibly large effect sizes. Although STOP-HCV-1 did not fully
recruit, its low cure rate combined with its moderate size provided me with an opportunity to
identify factors associated with failure that other studies could not. | could also find no
previous research into investigating factors associated with time to treatment failure with
DAAs or into the kinetics of viral load rebound. While many previous studies have examined

Qol during and after DAA treatment, none were conducted using short-course HCV treatment.
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As the VIETNARMS design was novel, there was no previous information about how the design
would work and my assessment of the statistical aspects of the trial were important to ensure
the trial functioned appropriately to collect valid results. Another strength of the analysis of
the VIETNARMS design is that, alongside the design itself, it is highly generalisable to testing

other interventions in many different disease areas.

The main limitation of the thesis is the small sample size in the STOP-HCV-1 and SEARCH-1
trials. Although including larger numbers than other studies of short-course treatment, it has
limited the analysis | was able to perform and, ultimately, has limited the scope of the factors |
was able to identify, my confidence in the associations | found and the potential effects of
treatment on Qol. One analysis choice | made, partly due to the small sample size, was not to
investigate interactions between the factors identified, which is another weakness of the
thesis. Another limitation is that the two main factors representing length of treatment,
VUS1/VUS2 in STOP-HCV-1 and days of DAA treatment in SEARCH-1, were not randomised
comparisons and there may be unmeasured confounders that affect the estimates of their
effect. The primary confounder not accounted for in STOP-HCV-1 is calendar time as VUS2 was
implemented after VUS1, with no overlap in the strategies, meaning there is complete
confounding. However, in the QoL analysis, the comparison between variable and fixed
duration was randomised and results for this comparison were largely similar to that of the
VUS1 vs VUS2 comparison, in that there were no clear effects on QoL regardless of treatment

duration.

Another potential limitation of the thesis is that the results from Chapters 2-4 may not be
generalisable to other strategies for short-course HCV treatment, particularly as the strategy
used in STOP-HCV-1 was unique and used DAAs that are not one of the pangenotypic DAA
regimens now recommended by the WHO and therefore are not now widely used. However,
the inclusion of SEARCH-1 data in Chapter 3 increases the generalisability, as SEARCH-1 used a
different strategy based on treatment response rather than baseline VL and a commonly used
WHO-recommended drug regimen. Additionally, the factors identified in these Chapters have
mostly been identified in the literature previously and none contradict those previously

established.

The factors associated with SVR12 and VL rebound identified within this thesis, particularly the
key factors, are likely to be generalisable to the wider population of HCV patients with mild
liver disease, with the exception of HCV genotype, as these are generally consistent with
previous research. The inclusion of only a limited number of genotypes (1a and 1b throughout,
6 in Chapter 3) affects global generalisability due to the global distribution of genotypes (see

Chapter 1 for more information); it is known that SVR12 rates are lower in genotype 3 and
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there is a limited amount of previous research into other genotypes. It is also unlikely that
these results will be generalisable to those with more advanced liver disease as fibrosis and
cirrhosis are key factors determining SVR12 and may reduce the effects of the factors
identified here. Short course treatment will only be suitable for a small group of patients and
primarily those who will not be able to adhere to the standard-length treatment, so
generalisability towards these patients is most important. While clinically these factors may be
generalisable to this group, they are more likely to have more complex needs, including social
needs, that have not been fully accounted for within this analysis. However, it would be
difficult to research what, if any, factors would be different within this group of patients as, for
similar reasons to their need for short-course treatment, they would not be suitable for

inclusion in a clinical trial and observational studies may also lack data.

6.5 Future work

In each chapter | have discussed further work that could extend the analysis contained in the
chapter. Overall, the key piece of work that could take place in future would be to incorporate
the data from the VIETNARMS trial into the analysis performed in this thesis. Once the trial has
finished follow-up and been analysed, how the trial monitoring approach | developed
performed in real-life could also be assessed fully and compared to what was planned in
Chapter 5. If combined with data from the STOP-HCV-1 and SEARCH-1 trials, the power to
detect important factors associated with the outcomes in Chapters 2 and 3 would increase
greatly. The visit schedule in VIETNARMS is equivalent to that of STOP-HCV-1, although this
may have been disrupted in some participants due to COVID-19 lockdowns, so it may be easier
to combine the data from these two trials to investigate the kinetics of viral rebound and time
to treatment failure than with SEARCH-1. Due to the larger sample size of VIETNARMS than
SEARCH-1, it may also be easier to find differences between UK and Vietnamese HCV patients
that was not possible in this thesis. Alternatively, the model for predicting SVR12 in Chapter 2
could be validated using the VIETNARMS data. However, as the stopping guideline was not met
for any randomised group in VIETNARMS, the rate of treatment failure may be too low within
the trial to contribute meaningful information about which patients are suitable for short-

course treatment.

Since | started working on this thesis topic, the cost of DAAs has decreased and more countries
have access to cheap generics using licensing agreements and the cost of treatment is no
longer a barrier for many patients still requiring treatment. A cost-effectiveness analysis could
be performed using the current cost of DAAs and any projected further reductions in price to
determine whether short-course treatment is able to lower treatment costs either for an

individual or for a public health system. This cost-effectiveness analysis could be performed for
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both the targeted strategy of identifying suitable patients via the models built in Chapter 2,
with the additional costs of HCV genotyping and DAA resistance testing for the more
discriminative models, and the more general strategies being tested in VIETNARMS, which
require extra costs for PEG-IFN or increased VL testing for the response guided therapy

strategy.

Participants in the VIETNARMS trial are asked to complete the EQ-5D-3L QoL questionnaire at
the same time points as the participants in the STOP-HCV-1 trial were asked to complete the
EQ-5D-5L and, after reducing the five levels in the EQ-5D-5L to three, it would be possible to
combine the responses from the two trials. However, responses to these questionnaires are
subjective and there may be cultural differences that mean the results in each country are not
directly comparable. Most of the studies investigating HCV have recruited participants from
Western high-income countries (HICs) (Europe, North America and Oceania) with two studies
in East Asia (China, South Korea and Taiwan) (96, 105), and one each in Brazil, Indonesia and
Iran (92, 94, 98). Data on QoL from VIETNARMS could therefore contribute valuable insight
into the QoL of HCV patients after treatment in South-East Asian and low- and middle-income

countries (LMICs).

This thesis has focused on short-course HCV treatment as a method to increase rates of SVR12
in hard-to-reach populations; however, length of and adherence to treatment are not the only
barriers to achieving the WHO’s goals of elimination of HCV as a global threat by 2030. The
WHO has identified that to meet these targets, both diagnostics and service delivery need to
be simplified and decentralised (145). Cost can often be a barrier to decentralisation as it may
require duplication of expensive services, such as viral load or genotype testing, and
alternatives must be found to replace these. One suggestion to replace viral load testing to
identify treatment failures is to monitor the change in patients’ ALT or AST levels instead as an
increase from EOT to EOT+12 has been shown to be highly sensitive in detecting treatment
failures and could save US518-546,000 per thousand patients treated in Vietnam (144). This

approach could be tested in a large scale trial.

Within this thesis only 3/69 (4%) participants had a treatment failure at EOT+12, with an
additional 2 participants with a treatment failure at EOT+24 who were considered cured within
the thesis as they achieved SVR12. Currently, SVR12 is the standard definition for cure, but as
there were very few treatment failures after EOT+8, one potential way to simplify delivery of
treatment is to consider SVR8 as a marker of cure instead of SVR12. This may be beneficial for
participants or settings where the risk of loss to follow-up increases over time to increase
detection of any treatment failures. However, this may only be suitable for short-course DAAs

and would need to be verified as a proxy for cure over longer time periods using larger
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datasets. It may also come with additional risks of patients who have a treatment failure after
EOT+8 who believe that they are cured that would need to be considered alongside the
benefits of detecting more treatment failures in those who would otherwise be unaware of

their status.

However, before those with HCV can be treated, they need to be identified. The WHO
estimated in 2019 that 79% of those living with HCV, around 45.8 million people, were
unaware of their status and therefore unable to initiate treatment (8). Large screening
programmes will be needed to identify these people, who are likely to be in the hardest-to-
reach groups or in low-income countries, and financial and societal support given to help them
achieve cure. If the strategies tested in VIETNARMS have high cure rates, these could help in
improving access to treatment for these populations. Although VIETNARMS has defined a
successful strategy using a non-inferiority margin of 10%, that is the lower confidence bound
of a cure rate in a shortening strategy group should be no larger than 10% below the cure rate
of the control group, a strategy that performs slightly worse than this may be also of interest
to clinicians if they could be used for particularly difficult-to-reach groups. The more strategies
are successful, the more options clinicians have for treating different groups of patients that

may have different needs, making it easier to treat a larger number of people.

6.6 Conclusion

In this thesis | have aimed to identify patients which a clinician could consider for short-course
treatment, which treatment options are suitable (considering differing treatment lengths and
adjunctive ribavirin) and to develop a trial design for testing strategies for short-course
treatment which could work on a population level, regardless of patient demographics.
However, which strategy can be used, whether the personalisation of treatment based on a
patient’s characteristics or a broad approach as used in VIETNARMS, will also depend on the
setting in which it is to be used as well as the patient group it is to be used in: more options

will be available to those in HICs rather than LMICs.

| have shown that baseline HCV VL is the key determinant of which patients can successfully
cure using short-course treatment; a higher baseline VL was associated with worse outcomes
in all three areas of time to treatment failure, rebound VL kinetics and treatment failure
overall. Baseline VL was not part of the strategies used in VIETNARMS, but on-treatment
response, which may be related to baseline VL, was. | have also identified that having HCV
genotype 1b and IL28B genotype CC are also more likely to cure on short-course treatment,
while having baseline resistance to prescribed DAAs are strong indicators that a patient may

not cure with short durations of treatment.

177



As baseline VL is so important, it should be included as part of any criteria for determining
which patients are suitable for short-course treatment, particularly in HICs where VL testing is
widely available and affordable. In LMICs, where there may be limited access to VL testing due
to either costs or access, this may not be as feasible and therefore selection of patients for
short-course treatment may not be as successful. However, performing one VL at baseline may
save more costs in terms of DAA treatment or from the expense of not curing a patient, from
either treatment of the sequalae of chronic HCV or from further spread of the virus to other
individuals, so it may still be cost effective to test baseline VL. HCV genotype testing, IL28B
testing and testing for DAA resistance are even more difficult and expensive in LMICs,
furthering the importance of baseline VL testing if possible. There are point of care tests for
IL28B genotype that can increase access to testing as it does not require a laboratory (146), but
these are still expensive and may only be suitable for HICs. In LMICS, it may not be possible to
identify patients for short-course treatment based on their characteristics, and one of the

broader approaches tested in VIETNARMS would be more appropriate.

After treatment failure, viral load rebounds to a similar level or slightly lower to that at
baseline, but this may be affected by HCV genotype, baseline DAA resistance, the use of
ribavirin, baseline Fibroscan score and whether the patient was suppressed at end of
treatment. The higher peak rebound VL in those with HCV genotype 1a and a higher Fibroscan
score could indicate that these patients should be given longer treatment than those with
genotype 1b and lower Fibroscan scores. However, those with resistance to prescribed DAAs
also had a lower peak rebound VL and they should not be given short-course treatment in
most patients, as seen in the probabilities of SVR12 | generated. However, this may explain
why retreatment is so successful in these patients. There are limitations to this analysis that
assumes that treatment failure is identified at a similar time point in all participants in the
trials and the same length of time from treatment failure being identified to peak rebound VL.
Further work should be done to separate out the effect of demographic factors from those
caused by the timing of the detection of treatment failure before clinicians decide on

treatment options based on VL rebound.

Patients who take longer treatment are more likely to cure and the longer length does not
impact their quality of life, so longer treatments can be considered if poor adherence can be
mitigated in other ways, such as the induction/maintenance approach in VIETNARMS.
Although ribavirin is often poorly tolerated, there is no strong evidence this impacts quality of
life and it has no lasting effects, so it could be considered for patients where it may increase

the probability of cure. As any negative effects on physical health are mediated through
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ribavirin associated anaemia, patients could also be monitored closely and any anaemia

promptly treated to minimise a reduction in quality of life.

The knowledge gained from the results generated in this thesis could be used to determine
criteria to select the patients most suitable for short-course treatment and this could in theory
be tested in a trial design similar to VIETNARMS, which was shown to be appropriately
designed with high power and an effective stopping mechanism. However, it is unlikely that
further large scale trials into HCV treatment will take place due to the wider availability of
DAAs given reductions in their costs that previously may have incentivised patients to join
trials to access treatment. Although there are still hard-to-reach populations who need
treatment, they are unlikely to be suitable participants for a clinical trial for the same reasons
they need short-course treatment. As the majority of patients can afford standard duration
treatment and are able to adhere to treatment and achieve cure, drug shortening strategies
will likely only be used with patients who would otherwise not cure and, in this small
proportion of cases, there may be sufficient evidence to provide clinicians confidence in

prescribing short-course treatment to those | have identified could benefit.
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8 Appendix

Table 8.1: Raw EQ-5D-5L scores at each time point

Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration N=97 duration
N=97 N=98 N=97 N=98 N=98
Problems with mobility
None 89 (92%) 86 (88%) 0.78 81 (86%) 82 (84%) 0.96 81 (85%) 79 (84%) 0.89
Slight 5 (5%) 9 (9%) 8 (9%) 10 (10%) 6 (6%) 8 (9%)
Moderate 2 (2%) 2 (2%) 3 (3%) 3 (3%) 6 (6%) 4 (4%)
Severe 1(1%) 1(1%) 2 (2%) 3(3%) 2 (2%) 2 (2%)
Unable/extreme 0 0 0 0 0 1(1%)
Problems with self-care
None 91 (94%) 91 (93%) 1.00 88 (93%) 91 (94%) 0.42 87 (92%) 85 (90%) 0.96
Slight 4 (4%) 4 (4%) 5 (5%) 2 (2%) 5 (5%) 5 (5%)
Moderate 2 (2%) 2 (2%) 2 (2%) 4 (4%) 3 (3%) 3 (3%)
Severe 0 1(1%) 0 0 0 1(1%)
Unable/extreme 0 0 0 0 0 0
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration N=97 duration
N=97 N=98 N=97 N=98 N=98
Problems with usual activities
None 84 (87%) 78 (80%) 0.24 72 (76%) 70 (72%) 0.97 73 (77%) 73 (78%) 0.52
Slight 7 (7%) 12 (12%) 14 (15%) 16 (16%) 14 (15%) 14 (15%)
Moderate 4 (4%) 7 (7%) 6 (6%) 8 (8%) 4 (4%) 4 (4%)
Severe 2 (2%) 0 2 (2%) 2 (2%) 4 (4%) 1(1%)
Unable/extreme 0 1(1%) 1(1%) 1(1%) 0 2 (2%)
Problems with pain or discomfort
None 66 (68%) 69 (70%) 0.86 59 (62%) 71 (72%) 0.50 58 (61%) 66 (70%) 0.15
Slight 22 (23%) 19 (19%) 22 (23%) 16 (16%) 29 (31%) 17 (18%)
Moderate 9 (9%) 8 (8%) 11 (12%) 9 (9%) 7 (7%) 7 (7%)
Severe 0 1(1%) 2 (2%) 2 (2%) 1(1%) 4 (4%)
Unable/extreme 0 1 (1%) 1 (1%) 0 0 0
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration N=97 duration
N=97 N=98 N=97 N=98 N=98
Problems with anxiety or depression
None 57 (59%) 59 (60%) 0.78 55 (58%) 61 (62%) 0.96 56 (59%) 58 (62%) 0.31
slight 28 (29%) 27 (28%) 25 (26%) 21 (21%) 23 (24%) 19 (20%)
Moderate 9 (9%) 10 (10%) 10 (11%) 11 (11%) 12 (13%) 8 (9%)
Severe 1(1%) 2 (2%) 3 (3%) 3 (3%) 1(1%) 6 (6%)
Unable/extreme 2 (2%) 0 2 (2%) 2 (2%) 3 (3%) 3 (3%)
EQ-index value 0.94 (0.90, 0.94 (0.89, 0.17 0.92 (0.86, 0.95 (0.86, 0.66 0.94 (0.85, 0.94 (0.86, 0.63
1.00) 1.00) 1.00) 1.00) 1.00) 1.00)
EQ-visual analogue 85 (75, 95) 80 (75, 90) 0.98 80 (75, 90) 80 (75, 90) 0.37 85 (75, 90) 85 (75, 95) 0.99
scale

Note: Data presented as n (%) or median (IQR).
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Table 8.2: Raw MOS-Cog scores at each time point

Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration duration
N=97 N=98 N=97 N=98 N=97 N=98
Difficulty reasoning or solving problems
None of the time 56 (58%) 51 (52%) 0.09 50 (53%) 45 (46%) 0.30 56 (59%) 56 (61%) 0.76
A little bit of the time 25 (26%) 27 (28%) 19 (20%) 31 (32%) 19 (20%) 20 (22%)
Some of the time 4 (4%) 11 (11%) 14 (15%) 11 (11%) 12 (13%) 6 (7%)
A good bit of the time 8 (8%) 2 (2%) 7 (7%) 4 (4%) 2 (2%) 4 (4%)
Most of the time 3(3%) 6 (6%) 5(5%) 5 (5%) 5(5%) 5 (5%)
All of the time 0 1 (1%) 0 2 (2%) 1(1%) 1 (1%)
Forgetting things
None of the time 41 (42%) 35 (36%) 0.14 36 (38%) 25 (26%) 0.12 40 (43%) 32 (35%) 0.59
A little bit of the time 27 (28%) 36 (37%) 30 (32%) 43 (44%) 31 (33%) 31 (34%)
Some of the time 16 (16%) 14 (14%) 17 (18%) 19 (19%) 15 (16%) 18 (20%)
A good bit of the time 12 (12%) 6 (6%) 9 (9%) 4 (4%) 4 (4%) 7 (8%)
Most of the time 1(1%) 5 (5%) 2 (2%) 6 (6%) 3(3%) 1(1%)
All of the time 0 2 (2%) 1(1%) 1(1%) 1(1%) 3 (3%)

192



Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration duration
N=97 N=98 N=97 N=98 N=97 N=98
Trouble keeping attention on an activity
None of the time 42 (44%) 37 (38%) 0.43 42 (44%) 36 (37%) 0.30 48 (52%) 42 (46%) 0.94
A little bit of the time 21 (22%) 30 (31%) 23 (24%) 39 (40%) 19 (20%) 22 (24%)
Some of the time 22 (23%) 17 (17%) 20 (21%) 16 (16%) 14 (15%) 17 (19%)
A good bit of the time 8 (8%) 6 (6%) 4 (4%) 3(3%) 8 (9%) 7 (8%)
Most of the time 2 (2%) 5 (5%) 5 (5%) 3(3%) 2 (2%) 2 (2%)
All of the time 1 (1%) 3 (3%) 1 (1%) 1 (1%) 2 (2%) 1 (1%)
Difficulty doing things involving concentration or thinking
None of the time 41 (43%) 44 (45%) 0.18 39 (41%) 37 (38%) 0.77 50 (53%) 41 (45%) 0.87
A little bit of the time 29 (30%) 28 (29%) 25 (27%) 35 (36%) 23 (24%) 26 (28%)
Some of the time 17 (18%) 10 (10%) 18 (19%) 17 (17%) 11 (12%) 11 (12%)
A good bit of the time 5 (5%) 11 (11%) 7 (7%) 4 (4%) 5 (5%) 7 (8%)
Most of the time 4 (4%) 2 (2%) 3(3%) 3(3%) 4 (4%) 5(5%)
All of the time 0 3(3%) 2 (2%) 2 (2%) 1(1%) 2 (2%)
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value Variable Fixed p-value Variable Fixed p-value
duration duration duration duration duration duration
N=97 N=98 N=97 N=98 N=97 N=98
Confused and start several actions at a time
None of the time 63 (66%) 57 (58%) 0.17 54 (57%) 48 (49%) 0.62 60 (63%) 53 (58%) 0.36
A little bit of the time 14 (15%) 17 (17%) 24 (25%) 31 (32%) 14 (15%) 22 (24%)
Some of the time 11 (11%) 16 (16%) 6 (6%) 10 (10%) 13 (14%) 8 (9%)
A good bit of the time 7 (7%) 2 (2%) 5 (5%) 4 (4%) 5(5%) 4 (4%)
Most of the time 1(1%) 4 (4%) 6 (6%) 4 (4%) 1(1%) 4 (4%)
All of the time 0 2 (2%) 0 1(1%) 2 (2%) 1(1%)
React slowly to things
None of the time 64 (66%) 59 (60%) 0.45 53 (56%) 55 (56%) 0.87 58 (61%) 57 (62%) 0.99
A little bit of the time 18 (19%) 19 (19%) 25 (26%) 24 (24%) 23 (24%) 23 (25%)
Some of the time 12 (12%) 13 (13%) 10 (11%) 10 (10%) 10 (11%) 8 (9%)
A good bit of the time 3(3%) 2 (2%) 5 (5%) 6 (6%) 2 (2%) 2 (2%)
Most of the time 0 3(3%) 2 (2%) 1(1%) 2 (2%) 2 (2%)
All of the time 0 2 (2%) 0 2 (2%) 0 0
Summary score 90(73,100) 87(70,97) 0.48 87(70,100) 85(73,93) 0.49 90(73,100) 88(73,100) 0.54
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Table 8.3: Raw SF-12 scores at each time point

Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
General health
Excellent 16 (16%) 8 (8%) 0.34 12 (13%) 15 (15%) 0.88 10 (11%) 15 (16%) 0.52
Very good 39 (40%) 44 (45%) 43 (46%) 38 (39%) 42 (44%) 41 (44%)
Good 34 (35%) 32 (33%) 24 (26%) 28 (29%) 33 (35%) 25 (27%)
Fair 6 (6%) 8 (8%) 10 (11%) 11 (11%) 6 (6%) 10 (11%)
Poor 2 (2%) 5 (5%) 4 (4%) 6 (6%) 4 (4%) 3 (3%)
Moderate activities
Not limited 3 (3%) 4 (4%) 1.00 3 (3%) 4 (4%) 0.84 5 (5%) 5 (5%) 0.96
Limited a little 14 (14%) 15 (15%) 18 (19%) 16 (16%) 12 (13%) 13 (14%)
Limited a lot 3 (3%) 4 (4%) 3 (3%) 4 (4%) 5 (5%) 5 (5%)
Climbing several flights of stairs
Not limited 4 (4%) 6 (6%) 0.56 8 (9%) 10 (10%) 0.43 6 (7%) 8 (9%) 0.30
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
Limited a little 14 (15%) 19 (20%) 19 (21%) 27 (28%) 15 (16%) 23 (25%)
Limited a lot 4 (4%) 6 (6%) 8 (9%) 10 (10%) 6 (7%) 8 (9%)
Accomplished less due to physical health
All of the time 0 8 (8%) 0.02 3 (3%) 5 (5%) 0.50 1(1%) 2 (2%) 0.62
Most of the time 8 (8%) 4 (4%) 10 (11%) 10 (10%) 7 (7%) 4 (4%)
Some of the time 12 (13%) 11 (11%) 11 (12%) 18 (18%) 8 (8%) 13 (14%)
A little of the time 19 (20%) 26 (27%) 23 (24%) 27 (28%) 28 (29%) 23 (24%)
None of the time 57 (59%) 49 (50%) 47 (50%) 38 (39%) 51 (54%) 52 (55%)
Limited in the kind of work or other activities due to physical health
All of the time 3 (3%) 3 (3%) 0.37 3 (3%) 1(1%) 0.22 1 (1%) 1(1%) 0.41
Most of the time 3(3%) 6 (6%) 4 (4%) 7 (7%) 4 (4%) 5(5%)
Some of the time 8 (8%) 16 (16%) 10 (11%) 21 (22%) 7 (8%) 13 (14%)
A little of the time 19 (20%) 18 (18%) 24 (26%) 21 (22%) 22 (24%) 14 (15%)
None of the time 63 (66%) 55 (56%) 50 (55%) 47 (48%) 59 (63%) 61 (65%)
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
Accomplished less due to emotional problems
All of the time 2 (2%) 4 (4%) 0.66 3 (3%) 4 (4%) 0.15 3 (3%) 3 (3%) 0.97
Most of the time 6 (6%) 8 (8%) 11 (12%) 8 (8%) 4 (4%) 6 (6%)
Some of the time 13 (14%) 17 (17%) 17 (18%) 12 (12%) 15 (16%) 13 (14%)
A little of the time 28 (29%) 21 (21%) 15 (16%) 30 (31%) 24 (25%) 22 (24%)
None of the time 47 (49%) 48 (49%) 48 (51%) 44 (45%) 49 (52%) 49 (53%)
Did work or other activities less due to emotional problems
All of the time 2 (2%) 2 (2%) 0.61 3 (3%) 1(1%) 0.13 1(1%) 3 (3%) 0.30
Most of the time 4 (4%) 6 (6%) 7 (8%) 3(3%) 2 (2%) 3(3%)
Some of the time 10 (11%) 14 (14%) 11 (12%) 14 (15%) 10 (11%) 14 (15%)
A little of the time 21 (23%) 14 (14%) 12 (13%) 24 (25%) 30 (32%) 18 (20%)
None of the time 56 (60%) 62 (63%) 59 (64%) 54 (56%) 51 (54%) 54 (59%)
Pain interferes with work
Not at all 63 (66%) 64 (65%) 0.32 52 (55%) 58 (59%) 0.61 59 (62%) 64 (69%) 0.47
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
A little bit 21 (22%) 15 (15%) 23 (24%) 23 (23%) 16 (17%) 13 (14%)
Moderately 7 (7%) 6 (6%) 11 (12%) 6 (6%) 10 (11%) 5 (5%)
Quite a bit 4 (4%) 11 (11%) 7 (7%) 8 (8%) 7 (7%) 10 (11%)
Extremely 1(1%) 2 (2%) 1(1%) 3 (3%) 3 (3%) 1(1%)
How often felt calm and peaceful
All of the time 9 (9%) 5 (5%) 0.21 10 (11%) 7 (7%) 0.93 10 (11%) 6 (6%) 0.80
Most of the time 42 (44%) 48 (50%) 39 (41%) 39 (41%) 49 (52%) 46 (49%)
Some of the time 30 (31%) 23 (24%) 28 (30%) 31 (32%) 20 (21%) 23 (24%)
A little of the time 9 (9%) 17 (18%) 9 (10%) 11 (11%) 12 (13%) 13 (14%)
None of the time 6 (6%) 3 (3%) 8 (9%) 8 (8%) 4 (4%) 6 (6%)
How often have a lot of energy
All of the time 8 (8%) 6 (6%) 0.92 10 (11%) 8 (8%) 0.35 7 (7%) 8 (9%) 0.09
Most of the time 38 (40%) 35 (36%) 31 (33%) 25 (26%) 41 (43%) 40 (43%)
Some of the time 30 (31%) 36 (37%) 31 (33%) 27 (28%) 31 (33%) 17 (18%)
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
A little of the time 12 (13%) 12 (12%) 14 (15%) 23 (24%) 11 (12%) 19 (20%)
None of the time 8 (8%) 8 (8%) 8 (9%) 13 (14%) 5(5%) 10 (11%)
How often felt downhearted or low
All of the time 3 (3%) 5 (5%) 0.95 2 (2%) 3 (3%) 0.48 4 (4%) 3 (3%) 0.95
Most of the time 4 (4%) 5 (5%) 14 (15%) 9 (9%) 6 (6%) 7 (7%)
Some of the time 26 (27%) 27 (28%) 17 (18%) 26 (27%) 23 (24%) 23 (24%)
A little of the time 38 (40%) 35 (36%) 32 (34%) 28 (29%) 37 (39%) 33 (35%)
None of the time 25 (26%) 25 (26%) 29 (31%) 30 (31%) 24 (26%) 28 (30%)
Physical health or emotional problems interfered with social activities
All of the time 1(1%) 4 (4%) 0.14 6 (6%) 4 (4%) 0.37 4 (4%) 4 (4%) 0.92
Most of the time 8 (8%) 11 (11%) 6 (6%) 9 (9%) 7 (7%) 4 (4%)
Some of the time 11 (11%) 21 (22%) 14 (15%) 23 (24%) 18 (19%) 18 (19%)
A little of the time 28 (29%) 22 (23%) 26 (28%) 28 (29%) 22 (23%) 21 (22%)
None of the time 48 (50%) 39 (40%) 42 (45%) 33 (34%) 44 (46%) 47 (50%)
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Enrolment End of treatment EOT+12/Retreatment DO
Variable Fixed p-value  Variable Fixed duration p-value Variable Fixed p-value
duration duration duration N=98 duration duration
N=97 N=98 N=94 N=95 N=94
Physical component 54 (46, 57) 52 (41, 56) 0.15 50 (44,56) 49 (42, 55) 0.34 53 (45, 55) 54 (45, 57) 0.48
summary score
Mental component 46 (37, 53) 45 (35, 53) 0.58 46 (36,54) 43(35,52) 0.24 45 (36, 54) 46 (36, 53) 0.76

summary score

Note: Data presented as n (%) or median (IQR).
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