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GLOSSARY

Antioxidant is a substance that markedly slows or prevents oxidation of a
substrate, when the substance is in low concentrations compared to that
substrate.’

Complementary medicine is an approach to health-care delivery that incorporates
disease diagnosis, treatment and/or prevention and adds to conventional medicine
by satisfying unmet demand or by broadening orthodox medicine’s theoretical
structures.”

Compensated hepatitis C is an early phase of end-stage liver disease
characterised by asymptomatic cirrhosis.’ It is reflected in a low level of
complications from cirrhosis (e.g., jaundice, ascites, coagulopathy, and
encephalopathy) as is characterised by a Child-Pugh Score of less than 7.
Decompensated hepatitis C is the advanced phase of end-stage liver disease
characterised by portal hypertension and or liver dysfunction® (jaundice, ascites, or
hepatic encephalopathy).” The Child-Pugh Score is greater than 7.

Free radicals are molecules with an outer (valence) shell that contains an unpaired
electron.’

International Nonproprietary Names (INN) help to identify pharmaceuticals or
their active ingredients. Each INN provides a uniqgue name that is public property
and recognisable globally. A nonproprietary name is otherwise known as a generic
name.®

Karyorrhexis is the fragmentation of the nucleus.”®

Oxidative damage refers to the biomolecular harm when a reactive species
attacks during oxidative stress.’

Oxidative stress (OS) is an imbalance between oxidants (reactive species
production®, radical generating activity'®) and antioxidants (antioxidant defence,’
radical scavenging activity'®) in favour of the oxidants, potentially leading to (tissue)
damage.’

Powdered extract (P.E.) refers to a dried extract. Fresh or dried plant material may
be extracted in water, methanol, ethanol or other solvents to produce a liquid
extract. This extract is then typically spray-dried to produce a dry or powdered
extract. The powdered extract ratio is required for calculating the corresponding
crude drug (plant) amounts e.g. P.E. 5:1 indicates that 5 kg of dried plant material
was used to produce 1 kg of dried extract. The powdered extract ratio is

synonymous with the drug-to-extract ratio.**
XXV



Reactive oxygen species (ROS) is a collective term for oxygen radicals, such as
superoxide anion (O, hydroxyl radical (OH), hydroperoxyl (HO;), peroxyl (RO,),
alkoxyl (RO) and carbon dioxide (CO,). It also includes some non radicals which
are oxidising agents and/or are easily converted into radicals, such as hydrogen
peroxide (H.0,), ozone (Os), singlet oxygen (0", organic peroxides (ROOH), and
peroxynitrite (ONOO).’

Reactive nitrogen species (RNS) collectively refers to radicals of nitric oxide (NO)
and nitrogen dioxide (NOy). It also includes some non radicals such as nitrous acid
(HNO,), dinitrogen tetroxide (N,O.) and peroxynitrite (ONOO).°

Redox status refers to the ratio of reduced (GSH) glutathione to oxidised (GSSG)
glutathione.*

Social determinants of health are conditions (including health systems)
influenced by the distribution of resources, money and power locally, nationally and
globally. These, in turn, are influenced by policy decisions. Social determinants of
health are the main causes of health inequities within and between countries.*®
Standardisation means uniformity of all required manufacturing steps, from the
crude drug to the final extract, in order to achieve a defined product standard
(specification). Herbal extracts are typically standardised to a particular marker
compound which may in some cases also be considered the active compound.*
Traditional medicine comprises all knowledge, skills and practices which derive
from indigenous ideas, beliefs and experiences of different cultures in order to
maintain health, and to prevent, diagnose, treat, or improve physical and mental

illnesses.**
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PREFACE

Chapter 1 Introduction: outlines the scientific aims of the Study.

Chapter 2 Literature Review: contains an overview of the hepatitis C virus
(HCV) infection; epidemiology, virology, natural history, causes of liver injury
including viral, immune, oxidative stress (OS) and the pathobiology of the disease.
It also examines the clinical implications of chronic HCV infection and the current
management strategies for the chronic hepatitis C (CHC) patients within
naturopathic and allopathic paradigms.

Chapter 3 Methodology: outlines the Study design, procedures, quality
control, outcome measures and statistical analyses.

Chapter 4 Results: reports on the results achieved in the Hep573 Study.

Chapter 5 Discussion: presents the findings, strengths, limitations and
implications of the Study and outlines future research directions.

Chapter 6 Conclusion: offers some concluding remarks.

The Appendices: include all approved, supporting documentation related to
the conduct of the Study.

Throughout this dissertation, the research undertaken will be referred to as
the ‘Hep573 Study’ or the ‘Study’.
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ABSTRACT

Oxidative stress (OS) is a key mechanism by which liver injury occurs in chronic
hepatitis C (CHC) virus infection. For this Study, it was hypothesised the use of
antioxidant compounds would reduce OS, hepatic necroinflammation and hepatic
fibrosis in CHC patients. To test this hypothesis, a randomised, double-blind,
placebo-controlled clinical trial (termed the ‘Hep573 Study’) was conducted in three
Australian teaching hospitals in New South Wales.

One hundred and eighteen participants were recruited through the liver
outpatient clinics at the hospitals from July, 2003 to March, 2006. They were
randomised to treatment in blocks of six to one of three groups: placebo; silymarin
(720 mg silybin/day); and silymarin with antioxidants (720 mg silybin plus 13 other
ingredients).

Study duration was 48 weeks: 24 weeks on active treatment or placebo, and
24 weeks follow-up post treatment.

The primary outcome measure was the proportion of patients with alanine
aminotransferase (ALT) normalisation at Week 24 (Fisher’'s exact test). Secondary
outcome measures were the percentage change from baseline to Week 24 in F,.
isoprostanes, and to Week 24 and Week 48 in ALT, HCV viral load (HCV RNA) and
FibroTest (Linear Mixed Effects). Results were analysed on an intention-to-treat
basis.

In patients with compensated CHC, the use of silymarin and antioxidant
compounds achieved a higher rate of ALT normalisation than placebo (P=0.02) or
silymarin (P=0.003) at Week 24. This result could not be attributed to alcohol, diet
or caffeine, as intake across the groups did not change throughout the Study. In
addition, there was a significant improvement in the overall mental-health score
(Mental Component Summary), QualityMetric Hepatitis Quality of Life
Questionnaire™ (HQLQ) in the silymarin and antioxidant (SOX) group (P=0.002).

This novel randomised, double-blind, placebo-controlled trial of oral
silymarin and oral antioxidants has shown a reduction in hepatic necroinflammation

and an improvement in overall mental-health status in a specific CHC population.
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CHAPTER 1

INTRODUCTION

The focus of this thesis was a randomised, double-blind, placebo-controlled clinical
trial testing the safety and efficacy of silymarin alone, or silymarin in combination
with antioxidants in chronic hepatitis C (CHC) patients. This trial was conducted in
three Australian teaching hospitals (John Hunter Hospital, Newcastle; Royal Prince
Alfred and Westmead Hospitals, Sydney).

The understanding in the literature at the commencement of this clinical trial
(c. 2002/03) was that antioxidants could ameliorate disease progression in CHC
patients by reducing oxidative stress (OS), a key mechanism contributing to liver
inflammation and hepatic fibrosis. The causes and consequences of OS became

the focus of the research and this is represented diagrammatically in Figure 1.1.

immune
HCV > o
activation
\
necroinflammation = fibrosis A cirrhosis

ALT FibroTest | \

lipid - \ .
peroxidation impaired
| liver function

F2-isoprostanes

Figure 1.1: Diagramatic representation of pathogenesis of HCV relevant to
this thesis.

Oxidative stress and the inflammatory process (Figure 1.1) generated by the
HCYV infection combined with the host immune response to HCV infection, drive
further liver injury and therefore, disease progression in some CHC patients.
1



Phytochemical-based antioxidants were chosen in this original research to
influence OS pathways and enhance the endogenous antioxidant defences and

thereby modify liver disease progression.

1 1
[ l.,1e

Two key papers Jain, et al.,” and Yadav, et al.,” influenced the direction of
this research. Jain, et al.,”® found the antioxidants glutathione, selenium, and
vitamins A, C and E were all significantly reduced in CHC patients (N=42), the lipid
peroxidation marker (8-isoprostane) was significantly elevated (P<0.001) and the
ratio of oxidised (GSSG) to reduced (GSH) glutathione (redox status) was also
significantly elevated (P=0.006). The presence of OS in this population was
confirmed. In CHC patients, the striking reduction in total whole blood glutathione
(GSH plus GSSG) (P=0.001) and total plasma glutathione (P=0.001), suggested
that both intracellular and intrahepatic reserves of glutathione were compromised.
There was a positive correlation between the urinary 8-isoprostane and type Il

procollagen peptide and the fibrosis score. Jain, et al.,”

concluded that a spectrum
of antioxidants should be investigated as they may halt or slow progression to
cirrhosis.

These findings were also supported in the same year by Yadav, et al.,"® who
found OS present in CHC patients. Micronutrient antioxidants were severely
depleted in serum and liver tissue of CHC patients. They also found increasing
levels of fibrosis were associated with decreased liver antioxidant levels and
suggested that severe liver disease may be a consequence of antioxidant
depletion, or decreased liver storage resulting from the fibrosis.*® The two papers

I.,** and Yadav, et al.,*®

by Jain, et a were the basis of the testing hypothesis in this
Hep573 Study. i.e., the use of antioxidants would modify disease progression.
Experimental models of liver disease (common bile duct ligation,*’ carbon
tetrachloride (CCl,*®) and cultured hepatic stellate cells'®) have shown the
administration of antioxidants can halt or retard the progression to liver fibrosis. The
literature is lacking in clinical translational research that is scientifically rigorous and
robust in its design. Consequently, this research would add to the literature by
exploring whether antioxidants could reduce liver disease progression in CHC

patients.



SCIENTIFIC AIMS OF THE TRIAL

The aim of this trial was to evaluate the safety and effectiveness of silymarin alone,
or in combination with other herbal and/or vitamin antioxidant interventions in the
treatment of chronic hepatitis C. The Study aimed to investigate in detail whether
traditional medicines/antioxidants would:
(1) lower liver enzymes which would indicate a reduction in hepatic
necroinflammation;
(2) alter the OS processes which are now recognised to be critical in the
inflammatory and fibrotic process of chronic liver disease;
(3) reduce HCV RNA (viral load);
(4) reduce hepatic fibrosis which would reduce the risk for liver related
outcomes;
(5) be effective and safe in the treatment of CHC;
(6) be best used as single agents Silybum marianum (milk thistle), or in
combination with other agents targeting OS and liver inflammation;
(7) be more effective in one HCV genotype compared to another; and
(8) improve quality of life for CHC patients; and

(9) the Study also aimed to evaluate the literature base for such a trial.

A Complementary Medicine Clinical Trial in a Medical Setting?

Both the medical model and the traditional medicine (primarily plant-based)
model have their rightful place in primary health-care provision and offer the
broadest choice to the patient. Each paradigm has inherent strengths and
weaknesses but the intent of both paradigms is to treat the patient without harm.
The strength of the medical model lies in its diagnostic capabilities, and logical and
scientifically validated approach. The strength of traditional medicine lies in wholism
(treating the whole person), enhancing vitality, health promotion and prevention.
These two paradigms are not mutually exclusive but rather need to be inclusive of
each other; as evidenced in the term: ‘complementary medicine’. This Study is an
attempt to contribute to the marriage of the two approaches which, until recently,

have tended to be seen as incompatible.



How is the Hep573 Study Original and Unique?

There is a strong theoretical basis that oxidative stress contributes to
disease progression in CHC patients."*%?° In 2003, no randomised controlled trials
had included oral silymarin with a broad range of other oral antioxidants in chronic
hepatitis C patients.

The Hep573 Study used a standardised Silybum marianum extract (720 mg
silybin) combined with oral antioxidants in a well-defined CHC population for 12
months, inclusive of a six-month follow-up period. The outcome measures were
ALT normalisation, oxidative stress, hepatic fibrosis, HCV RNA viral load and

quality of life.
The Significance of This Research

Chronic HCV infection is a significant health issue, as 1.3% of the Australian
population have such an infection, and this figure is expected to double in the next
20 years.”* Only 50% of those with HCV genotype 1 (the most prevalent genotype)
will obtain a sustained virological response (SVR) on current standard antiviral
therapy.*

This research addresses a gap in the literature regarding clinical research

on the use of oral silymarin and oral antioxidants in a well-defined CHC population.



CHAPTER 2

LITERATURE REVIEW

This chapter contains an overview of hepatitis C virus (HCV) infection-
epidemiology; virology; the natural history; the causes of liver injury including viral,
immune, oxidative stress (OS); and the pathobiology of the disease. It also reviews
the clinical implications of chronic HCV infection and the current management
strategies for the chronic hepatitis C (CHC) patient. Because quality of life (QOL) is
impaired in CHC patients, many turn to complementary medicine in an attempt to
modify their well-being; consequently, the philosophy and use of complementary
medicine in the management of CHC patients is outlined.

This thesis reports a randomised, double-blind, placebo-controlled clinical
trial of silymarin alone and silymarin in combination with antioxidants in CHC
participants in a context of treatment options available in 2003. At this time,
standard therapy was pegylated interferon and ribavirin, with well-documented
shortcomings.

Hepatitis C virus infection invokes an immune response in an attempt to
eradicate the virus, and this leads to cell death (to eradicate infected hepatocytes)
and fibrosis as the inflammation persists. The initiation of the immune response, a
normal physiological process, generates oxidative stress and physiological
inflammation. Once the infection becomes chronic, inflammation becomes
pathological, as the increased oxidative stress driven by accelerated cell death and
fibrosis causes persistent inflammation (pathological inflammation), affecting all cell
signalling pathways that are redox-regulated. (The description above will be
referred to as the ‘inflammatory process’.)

Silymarin and antioxidant interventions were chosen to modify oxidative
stress, which, if left unchecked, causes persistent inflammation, necrosis and liver

disease progression in CHC patients.



EPIDEMIOLOGY

General Background on Hepatitis C Infection

The hepatitis C virus was discovered in 1989% and enzyme-linked
immunosorbent assays (ELISA)** were developed, which revealed HCV as the
major causative agent for blood-borne non-A, non-B hepatitis and post-transfusion
hepatitis® (the latter identified in 1975).2° The viral genome was subsequently
defined.?” The worldwide distribution of chronic hepatitis C was recognised and
Australia, while less affected than many countries, has not been spared from the
epidemic.

World Figures and Geographical Distribution

Hepatitis C affects 170 million people worldwide with a total prevalence rate
of 3.1 per cent. World Health Organization (WHO) regional data show prevalence
rates of: Africa 5.3 per cent, the Americas 1.7 per cent, Eastern Mediterranean 4.6
per cent, Europe 1.03 per cent, South East Asia 2.15 per cent and the Western

Pacific 3.9 per cent.?®
HCV Genotype Distribution

The variation in the hepatitis C virus genomic structure has allowed its

classification by phylogenetic methods into six main HCV genotypes (1-6)?>%

worlwide and many quasi-species.® (Figure 2.1)

Figure 2.1: Hepatitis C virus genotypes —world view.*

Genotype 1a is most prevalent in the United States of America and



Northern Europe, genotype 2 (Japan and Italy), genotype 3 (Indian subcontinent,
USA, Europe), genotype 4 (Africa and Middle East), genotype 5 (South Africa) and
genotype 6 (Hong Kong, South East Asia).** HCV genotypes formally classified as
10a, 7b, 11a, 9a and 8b have been reassigned identities of 3k, 6d, 6g, 6h and 6k
respectively.®

According to Simmonds,* those infected with HCV infection through
injecting drug use are more likely to be infected with genotypes 1a and 3a.
Genotype 4a has a high prevalence in the Middle East, particularly Egypt, because
of widespread use of unsterilised needles for Bilharzia treatment in the 1950s and
1960s.** The most prevalent HCV genotype in Australia is genotype 1 (55%),
followed by genotype 3 (33%), genotype 2 (8%), genotype 4 (3%), and other
genotypes (1%).%

HCV genotype and viral load do not appear to exert any influence on

hepatitis C disease progression.*®*’

Unlike hepatitis B viral infection, the genotypes
do not appear to predict disease severity or risk of hepatocellular carcinoma
(HCC).38‘39'37

The genotype does however; predict response to treatment which
determines the duration of therapy needed with the antiviral agents, pegylated
interferon and ribavirin. (See Clinical Implications for the Management of the CHC

Patient.)
Australian Data

The 2009 Annual Surveillance Report*® estimated that in December 2008,
284,000 Australians (lower and upper limits of 218,000—-348,000) had been
exposed to HCV infection. Of the 22.2 million people in Australia in 2009,*" 1.3 per
cent was estimated to be infected with the hepatitis C virus. Of these, 72,100
(55,000-88,000) (25%) had been exposed to HCV and had cleared the virus while
the remaining 75 per cent developed chronic hepatitis C virus (HCV) infection.*?
Some 162,000 (124,000-200,000) (57%) had chronic hepatitis C infection and mild
liver disease (fibrosis stage (F), FO or F1). Forty-four thousand (35,000-52,000)
(15%) had stage F2/3 moderate liver disease and 5700 (4100-7100) (2%) had
cirrhosis (F4). During 2008 in Australia, 229 chronic hepatitis C (CHC) patients
developed hepatitis C-related liver failure and 115 progressed to hepatitis C-related
hepatocellular carcinoma.*’

In Australia, HCV-related mortality once cirrhosis is established is estimated

at 2 per cent per annum.* The NSW Central Cancer Registry Data (one Australian
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State) from 1990-2002 indicated that 12.9 per cent of all hepatocellular carcinoma

cases were linked to hepatitis C infection.** Dore, et al.,*

report the complications
associated with this disease, such as liver failure and cancer, are expected to
double over the next decade. This will place a considerable burden on the public
health system.*® A proportion of these patients will require a liver transplant, and
hepatitis C remains the leading indication for liver transplantation in Australia. Thirty
of 119 people (25.2%) who required a liver transplant in 2007 had chronic hepatitis
C virus infection.® In 2008, the figure was 27.7 per cent.*

There are an estimated 10,000 new HCV infections occurring annually.*®
This figure is remarkably consistent with National Notifiable Diseases Surveillance
System (2008) data of 10,666 notifications of new HCV infections at 7 December,
2008.% Of these new infections, 88.7 per cent are estimated to occur from injecting

drug use, the predominant source of HCV transmission in Australia.*’

CLINICAL IMPLICATIONS FOR THE MANAGEMENT OF THE CHC PATIENT

Australian guidelines in 2003 suggest a coordinated approach to the
management of patients with chronic hepatitis C. This involves the general
practitioner, liver specialist, other health-care specialists and community support
services.”® Other allied health-care specialists include social workers,
psychologists, nutritional experts, dental practitioners and CM practitioners.

The management strategies for the CHC patient require cognisance of the
natural history of chronic hepatitis C virus infection.** Treatment decisions for
hepatitis C are based on disease presentation, genotype, laboratory values,
coinfection with HIV or HBV and other comorbidities.*® Effective therapy must break
the HCV replication cycle in the liver,*® thus the treatment progress is monitored by
HCV RNA clearance and ALT normalisation. Thus the primary therapeutic aim is a
sustained virological response (SVR) to treatment, with no HCV RNA detected in
serum for at least six months after therapy ends, in order to interfere with the
disease process and avoid end-stage liver disease (ESLD).>! Successful
therapeutic outcomes have been accompanied by improved liver histopathology®*
and, in some cases, reversal of cirrhosis.>

The decision to place a patient on antiviral therapy is dependent on the
patient’s desire to undertake treatment and their understanding of the complexity

and risks of antiviral therapy matched with their psychological stability and social
8



support networks to cope with treatment. In addition, the disease process itself is
influential in the decision-making process.

A decade ago, treatment decisions were based on biopsy evidence of
advancing disease. If the disease was advanced F3 or F4 (Metavir), or likely to
progress as indicated by abnormal biochemical results, the patient was strongly
encouraged to begin antiviral therapy. However, if the patient was alcohol-
dependent and did not want treatment, they would be strongly encouraged to
reduce their alcohol intake, keep an alcohol diary and have their liver-function tests
monitored.

Antiviral treatment should be made available to patients at medium to high
risk of disease progression.*® Treatment could be offered to patients at low to
medium risk of progression (i.e. with less than 20 years infection and with abnormal
liver tests, minimal fibrosis or inflammation and impaired QOL). If the patient has
mild liver disease, genotypes 2 or 3, is well supported and wants treatment, it would
be offered.

Roberts, et al., discovered that seven out of 10 HCV genotype 1 patients
may be cured if treatment starts before liver damage has occurred.> This carries a
very important treatment message: ‘treat early if HCV genotype 1’.>* This may
substantially increase the SVR in this genotype population to > 50%. Whilst this
study involved 896 patients, it is worthwhile reconsidering antiviral therapy early in
the disease process.

In the last few years, the term 'warehousing’ has superseded the ‘monitor,
wait and see’ approach. This is in anticipation of less toxic treatments, interferon-

free treatments™ and higher viral clearance rates.
Antiviral Therapy

Buti, et al.,> outlined three ways to define a response to standard therapy of
pegylated interferon and ribavirin: sustained virological response (SVR), relapser
(R) and non-responder (NR). A sustained virological response (SVR) defined
patients who had no HCV RNA detected during treatment and follow-up. A relapser
(R) was defined as a patient who was HCV RNA negative when treatment ended
but was positive when followed up after 24 weeks. Non-responders continued to
have HCV RNA detected during and at the end of their treatment.>

The response to antiviral therapy evaluated through viral kinetics has
allowed researchers to detect prompt virological response (PVR) (a drop in HCV

RNA 21 logy, in the first 48 hours), rapid virological response (RVR) (serum HCV
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RNA undetectable after 4 weeks), early virological response, (EVR) (serum HCV
RNA undetectable or a drop in HCV RNA = 2 logy, after 12 weeks)®"*® and delayed
virological response (DVR) (serum HCV RNA undetectable after 24 weeks).®

Treatment options, outcomes and side effects.

Hadzyiannis and colleagues® provide confidence intervals for treatment
success rates with pegylated interferon and ribavirin according to genotype
infection. The current antiviral therapy can lead to a sustained virological response
in 84% (CI, 77%-92%) of hepatitis C patients with genotypes 2 and 3 (24 weeks of
treatment) and 52% (CI, 46%-58%) in genotype 1 (48 weeks).?” Data with
confidence intervals for genotypes 4, 5 and 6 were not reported in this study.?* The
2008 SVR rates for standard of care treatment are comparable to 2004.°%%* Current
testing protocols using RVR and EVR data are allowing a more accurate
assessment than previous protocols of who will achieve a SVR, and allowing futile
treatments to be terminated earlier than they would have otherwise.

Retreatment with pegylated interferon and/or ribavirin at varying doses and
time lengths has helped some previous nonresponders.® Low-dose interferon (IFN)
maintenance studies have generally been ineffective. Long-term maintenance
pegylated interferon therapy C is associated with excess overall mortality in
patients with advanced chronic hepatitis.®®

The overall SVR declines considerably in patients with HCV liver cirrhosis
(33.3%, CIl 30.6%-36.2%) and is significantly lower in genotype 1 and 4 (N=692)
(21.7%, CI 18.7%-25%) compared to genotypes 2 and 3 (N=422), (55.4%, CI
50.7%-60.1%), P<0.0001.%*

Numbers treated in Australia annually. Numbers of people treated with
drugs for hepatitis C infection through the highly specialised (S100) program
annually in Australia were 1831, 1847, 2847, 3539, 3562, 3969 and 3760 in 2004-
2010 respectively.**°>°°

It is predicted that by 2015 there will be an increase of about 38% in the
numbers of people living with CHC and more advanced liver disease or cirrhosis.*°
In the light of these projections, the current level of treatment in Australia is not
adequate to prevent an increase in the number of patients with ESLD and HCC***’
Some factors influencing low-treatment numbers are: interferon-related toxicity,
lack of HCV treatment infrastructure along with competing patient health and social

priorities.®’
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New antiviral treatments.

An increased understanding of HCV replication and its basic virology has
led to the development of a range of new antiviral agents targeting HCV replication
and infectivity.®®"® Two new drugs are now approved for use in the United States of
America (USA) and Europe, and the Australian Therapeutic Goods Administration
(TGA) is considering these agents for approval.

The addition of the protease inhibitor, Telaprevir (specific to HCV non-
structural (NS) 3/4A serine protease) to standard antiviral therapy has increased
SVR rates in HCV genotype 1 patients by 51% (Telaprevir for 12 weeks) (P<0.001),
53% (Telaprevir for 24 weeks) (P<0.001) and 24% (Telaprevir and pegylated
interferon for 24 weeks, no ribavirin) (P=0.02) compared to standard therapy.”’
Fifty-one per cent of patients developed a rash due to the addition of Telaprevir and
15% discontinued the study drugs compared to 4% on standard therapy.”’

Another protease inhibitor, Boceprevir (NS3 protease), given for eight weeks
in conjunction with pegylated interferon and ribavirin for 48 weeks, increased SVR
to 68% in the non-black cohort and to 53% in the black cohort. Sixteen per cent had
discontinuation and 35% had dose modifications due to adverse events. The
concern with both protease inhibitors is the development of drug resistance.

In this phase llI clinical trial pegylated interferon and ribavirin was given four weeks
prior to the commencement of Boceprevir (40 weeks) to reduce drug resistance.”®

Table 2.1: The side effect profile of the standard of care treatment plus the
two most promising protease inhibitors.

Interferon Ribavirin Boceprevir Telaprevir
Anaemia” Anaemia”> Anaemia™ Anaemia™ (37%2’8
(19-29%)"® (19-29%)"® (49%)"® Rash®% (637%)7
Anxiety & Depression Lymphopenia™®® Dysegusia® Pruritis®™®

(26%)" Gout™ Drug-resistant (50%)"®
Influenza-like Sinusitis™ mutations® Nausea® 543%)78
syndromes e.g. Hepatic iron Diarrhoea® (28%)"®

myalgias, fever,
malaise® (51%379
Neutropenia’®®
Leucopenia”
Thrombocytopenia’
Autoimmune thyroid
disease®® (20%)
Cardiac side effects
Interstitial nephritis
Vision & hearing
disturbances
Irritability®

Severe fatigue®
Apathy®

accumulation®
Cholelithiasis™
Retinal changes™®
Teratogenic® %%

Retinal detachment
& scotoma®
Depression®®
Decreased
haemoglobin levels®
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The two new protease inhibitors have more than doubled the incidence of
anaemia occurring in the combined pegylated interferon and ribavirin group (Table
2.1). Given the level of treatment discontinuance (15-16%) on Telaprevir and
Boceprevir respectively, the increased incidence of anaemia (37-49%),
development of severe rash (Telaprevir, 37%) and development of drug resistance,
it is important to explore other treatment options for hepatitis C patients.

At current treatment rates in Australia, the USA and Europe, less than 10%
of those infected with HCV have been treated and now interferon-free treatments
are being actively explored®” while the direct acting antivirals are in phase Il clinical
trial development.>

The side-effect profile of antiviral therapies still necessitates the exploration
of alternative treatments. Treatment with complementary medicine has the potential
to modify the disease process, rather than kill the virus, while new antiviral

treatments and protocols are being perfected.

QUALITY OF LIFE IN HEPATITIS C PATIENTS

Quality of life (QOL) is encompassed in the WHO determinants of social health,*?
and reinforces the concept that no human is an island and their well-being is not
defined by the functioning of an individual organ (liver). Quality of life is impacted by
infection, host response, environmental factors (social, political and economic),
diagnosis of HCV infection, disease severity, antiviral treatment, comorbidities and
complementary medicine treatment.

Profoundly impaired QOL in CHC patients has been well

documented,88:89:90.91.92

A variety of questionnaires have been used to measure
health-related QOL. One of the most common questionnaires is the Medical
Outcomes Trust, SF-36° Health Survey (QualityMetric™, HRQoL Version 1, 1999)
that groups the QOL questions into the following health domain scales:

(1) bodily pain (BP);

(2) general health perception (GH);

(3) mental health (MH);

(4) physical functioning (PF);

(5) role limits, emotional (RE);

(6) role limits, physical (RP);
12



(7) social functioning (SF); and
(8) vitality (V).

These scales are summarised into either the physical component summary
(PCS) or the mental component summary (MCS) score with their corresponding
correlations in brackets. The PCS score summarises: PF (.85), RP (.81), BP (.76)
and GH (.69) and the MCS score includes the remaining subscales: MH (.87), RE
(.78), SF (.67) and V (.65).

In the Hep573 Study, a subset of the HRQoL, was used. This subset has an
additional liver-disease specific section and is known as the Hepatitis Quality of Life
Questionnaire (HQLQ ™). HQLQ™ measures health distress and limitations
specific to chronic hepatitis:*

(1) health distress (HD);

(2) positive well being (PWB);

(3) hepatitis-specific limitations (HLIM); and
(4) hepatitis-specific health distress (HHD).

HQLQ™ has been used in a range of liver-clinic settings in chronic hepatitis

C patients: treatment naive,* interferon monotherapy,® interferon relapsers,®®%®

pegylated interferon and ribavirin therapy,®’ advanced fibrosis®” and orthotropic
liver transplantation.®®

While there are other liver-disease, specific health-related QOL
guestionnaires such as the Chronic Liver Disease Questionnaire (CLDQ), the Liver
Disease Quality of Life Questionnaire (LDQOL) and the Liver Disease Symptom

Index 2.0 (LDSI 2.0); the HQLQ ™ is the most validated and reliable

91,93

guestionnaire and for this reason, it was used to measure QOL in this Study.

Symptoms Reported by Those Living With Hepatitis C in Australia

Globally, the symptoms associated with HCV-related impaired QOL are:

88,101,102,103,104

neurocognitive impairment,®2991% depression, anxiety,”

88,90,103,92,105,106 94,104

fatigue, emotional distress and musculoskeletal

pr0b|emS 103,105,107

An Australian study of patients with chronic hepatitis C reported the
following symptoms: physical tiredness (86%), irritability (75%), depression (70%),
mental tiredness (70%), abdominal pain (68%), forgetfulness (65%), joint pain

(64%), poor concentration (62%) and general body pain (57%). Sixty-two per cent
13



reported their symptoms tended to occur simultaneously, calling them ‘hep C
attacks’. The Study’s social researchers coined the term ‘clustering of symptoms.’
193 Another study found that 67% of patients with chronic HCV infection reported
joint pain, which may be associated with the presence of a rheumatoid factor and
cryoglobulinaemia.'®’

Another Australian study calculated that HCV-related morbidity during 2005
accounted for 37,800 lost-quality adjusted life years mainly occuring in people with
stage 0/1 (77% lost) or stage 2/3 (19% lost) chronic HCV infection.*®

Quality of Life Pre and Post Diagnosis with HCV Infection

Those who were unaware they had HCV infection reported a symptom-free
life; however, once notified of their HCV serostatus, many developed symptoms.'®
Those who were aware of their HCV serostatus produced significantly lower scores
on seven out of eight SF-36 scales (role limits-physical, bodily pain, general health,
vitality, social functioning, role limits-emotional and mental health) compared to
those who were unaware of their HCV serostatus. Those who were unaware had
lower scores in only three scales (general health, vitality and mental health).
Therefore, negative stigmatisation and being labelled with a chronic disease may
have contributed to the reduced QOL reported in those diagnosed with HCV

infection.'®
Quality of Life and Comorbidities

There is debate in the literature as to how, and in what proportion, the
hepatitis C virus, the host response and the social, political and economic situation
(WHO) contribute to impaired QOL.***°CHC patients have lower health-related
QOL scores on all eight SF-36 scales at baseline compared to healthy controls
(P<0.001).*® Neither the SF-36 nor Hospital Anxiety Depression Scales (HADS)
correlated with HCV RNA, suggesting that host and environmental factors rather
than the hepatitis C virus impact on QOL.**°

In contrast, assuming similar socioeconomic and political situations among
veterans, then lower mental (MCS, P<0.001) and physical (PCS, P<0.07)
component scores found in veterans suggest hepatitis C virus adversely affects
QOL.lll

In a study of environmental factors, Helbling, et al.,"*°

reported age and

diabetes were associated with a low physical summary score and intravenous drug
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use (IVDU) linked with a low mental summary-score.”* It is possible all the above

factors contribute to impaired QOL.
Quality of Life and Disease Severity

Recently, severity of liver disease in chronic HCV infection has been
correlated with impaired QOL, particularly in those with decompensated cirrhosis
who exhibited the lowest scores in all eight SF-36® domains as well as in the
summary scores, PCS and MCS (P<0.001).%° Teuber, et al.,* found that the PCS
was significantly lower in patients with severe fibrosis or cirrhosis compared with
mild to moderate fibrosis (P<0.001).

Linear multiple regression analysis showed that fibrosis (P=0.016) and age

(P=0.001) were significant independent predictors for the PCS.
Quality of Life and Antiviral Therapy

Both PCS (P=0.047) and MCS (P=0.014) scales worsened in CHC patients
on pegylated interferon and ribavirin therapy.**>**

Those for whom treatment failed had lower scores on the eight SF-36
domains (P<0.01), lower scores on the hepatitis-specific domains (P<0.0001) and
lower PCS and MCS scores (P<0.01).™ Interferon (IFN) relapsers (N=324) were
found to have impaired QOL as measured by HQLQ™ in five of the eight domains:
physical functioning, role limits-physical, general health, vitality and social
functioning.

Those with SVR had improved QOL (vitality, social functioning and health
distress).*® In a post-treatment follow-up study, those with SVR had significantly
improved QOL scores in the four of the eight domains: role limits-physical, general
health, vitality and role limits-emotional.’” Patients on IFN who achieved SVR had
marked improvements in their quality of life.> CHC patients have elevated
depression scores and exhibited general symptoms of emotional distress when not

receiving interferon therapy.'®*
Quality of Life and Complementary Medicine

Many patients with HCV infection cannot be successfully treated with

conventional treatment, '8

and about 80% of patients experience side effects whilst
receiving pegylated interferon and ribavirin combination therapy,™’ and in some
cases, treatment is not financially feasible.®* Therefore some patients turn to CM for

cost-effective alternatives to either treat their disease, manage their symptoms or to
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alleviate the side effects of conventional treatment. Enhanced QOL and symptom
management are often cited by patients as the primary motivating factors in using
complementary medicine in chronic hepatitis C. According to Rambaldi,**®* many
patients have tried complementary and alternative medicines in the belief that they
are less toxic and more effective than conventional treatments. Such
complementary and alternative medicines include those falling under the umbrella
of ‘naturopathy’, whose main core treatments are herbal and nutritional medicines.

ff*° concurs with Rambaldi**® but adds that CHC patients often use herbal

See
medicine products, particularly silymarin, in order to boost the modest response to
antiviral therapy and to minimise side effects of such treatment.

In the HALT C trial,**® users of silymarin experience significantly less
fatigue, nausea, liver pain, anorexia, muscle and joint pain, as well as
improvements in general health over non-users (adjusting for age, race, education,
alcohol consumption, exercise, body mass index and smoking).**

The concept of vitalism is a fundamental principle underlying naturopathic
and herbal medicine paradigms. It is this concept of vitality that is often reflected in
the QOL and well-being of the patient, and will be discussed in the principles of
naturopathic and herbal medicine practice that follows some introductory comments
on complementary medicine.

It is generally recognised when CM patients take an active role in their

health, they feel enpowered, autonomous and in control. 21?4122

COMPLEMENTARY MEDICINE

Use of and Expenditure on Complementary Medicine

The percentage of the population using complementary medicine (CM) has
remained constant in recent history. CM use in Australia was found to be 50% in
1993, 52.1% in 2000 and 52.2% in 2004.'?® However, the cost increased by 120%
between 1993 and 2000. In 2000, an estimated $AU 2.3 billion was spent on CM,
$1.67 billion on CM products, and $616 million on CM therapists, nearly four times

the amount people paid for all pharmaceuticals.**

The increase in total spending
on CM between 1993 and 2000 may represent an increased use of CM products
and services by those individuals who were already using CM, or an increase in

price for existing products and services. In 2004, the total expenditure on CM
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products compared to 2000 reduced to $1.3 billion and expenditure on CM
therapists fell to $494 million. This may indicate treatment costs have recently been
reducing, and CM is becoming more accessible and cost-effective for the individual
than it was previously due to increased demand. It could also be that people are
limiting their use of CM products and services. It is also possible the Pan
Pharmaceutical recall of some CM products may have potentially caused a decline
in CM use.

On the other hand, a study conducted in 2005 estimated that 69% (95% CI:
66.1%-71.7%) of the adult Australian population had used CM. The estimated total
expenditure on CM products by the Australian adult population was $1.86 billion,
whereas the total national expenditure on CM (including visits to CM practitioners
and the use of CM products) was $4.3 billion.*?® The differences between these

123,124

estimates are because the studies conducted in 1993-2004 were conducted in

125 \was nationwide.

one Australian State, South Australia, and the 2005 study
However, the latter study had a low participation rate and this may have artificially

inflated the CM figures.'*
The Numbers of People Using Complementary Medicine in Liver Clinics

In 2001, 41% of those attending hospital outpatient liver clinics in the USA
had used complementary and alternative medicine in the preceding month.**

In 2008, 44% of the participants in the Hepatitis C Antiviral Long Term
Treatment against cirrhosis trial (HALT-C) carried out in the USA, had previously
taken, or were currently taking, complementary medicines. Of those currently taking
complementary medicines, 195/269 (72%) were ingesting silymarin.™®

Thirty-five per cent (113/319) of chronic hepatitis C patients in a tertiary
hospital in Spain had used, or were using CM, 63 (20%) because of chronic
hepatitis, and 17% (50/319) for other reasons, reported in a self-administered

questionnaire.**’

This overall figure matches research conducted at the liver clinics
in Royal Prince Alfred Hospital and Westmead Hospital Outpatient Department,
NSW, Australia. This showed that 35% of patients were taking complementary
medicines for their hepatitis C.*?® From the John Hunter Hospital, the third
participating hospital, 30% were taking complementary medicines. (See patient
information sheet, version 16, 21st March, 2005, Appendix B).

The demographics of the US population taking herbal medicines in liver

119
d.

clinics are predominantly male, white and well educate There is a different

gender demographic in Australia and Spain. The primary consumers of
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complementary medicine in Australia are middle-aged (35-54 years), white, well-

educated, married women.*?*

However, an Australian study in 2005 found the same
demographics with the exception of age (18-34 years).'*® In Spain, the users of
complementary medicine are also women and well educated; however, their marital
status differs from Australia data, as divorced and widowed women feature

highly.*?’
The Philosophy of Herbal Medicine

Western herbal medicine refers to an eclectic practice of herbal medicine
drawing on plant-based medicines from around the globe, e.g., Europe, North
America, the Far East and the Middle East. Herbal medicine has been common to
all cultures throughout the ages, and in 80% of the population in some countries
(Asia and Africa), rely on traditional medicine.** The World Health Organization
(WHO) refers to the use of primarily plant-based medicines as traditional medicine
(see Glossary).

According to Mills,

herbalism is any system of medicine or health care that relies on plants as
the source of remedies; as seen principally: (1) in almost all cultures prior to
the Industrial Revolution, mostly as self help therapy but exemplified in the
hands of locally trained rural practitioners (see traditional medicine) and (2)
as a substantial modern alternative to conventional drug based medicine. In
most countries traditional and modern usage coexist; thus herbalism today
is based on remedies and techniques tried and tested through generations
of use, but increasingly re-evaluated in the light of modern day medical
refinements. A key feature of herbalism is that remedies are used to support
and modify disturbed body functions, rather than directly attack the
symptoms of disease.®

Many modern drugs were discovered and derived from plant-based
medicines, e.g., Digitalis species (spp) gave rise to the cardiac glycosides. The
pain medications, morphine and codeine, were derived originally from Papaver
somniferum (opium poppy) and Aspirin™ was named and derived from Filipendula
ulmaria (meadowsweet) previously called Spirea ulmaria.

Herbal medicines include herbs, materials and preparations derived from
herbs, and finished products which contain plant materials as active ingredients.™
A Western herbal medicine practitioner is defined as:

A health practitioner who engages in the extemporaneous (prescribed as
part of a consultation for an individual patient) compounding of herbs for
therapeutic purposes to individuals under his or her care, and who has
satisfied the core training requirements in herbal medicine principles,
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philosophy and practice as defined by the National Health Training Package

(Australian National Training Authority 2002) for Western Herbal

Medicine.**®

The knowledge of a plant’s traditional use underpins the practice of herbal
medicine. According to the Therapeutic Goods Act 1989, ‘traditional use’ is defined
as:

use of a designated active ingredient that is well-documented, or otherwise
established, according to the accumulated experience of many traditional
healthcare practitioners over an extended period; and accords with well-
established procedures of preparation, application and dosage.***

The major guiding principles of plant based medicine are:
(1) Vitalism, support the life-force;
(2) Wholism, treat the whole person;
(3) Synergy, the whole parts of the plant are used as they are the sum of
constituents in that part; and
(4) Individualised treatment, the herbal prescription is tailored to the needs of

the individual.**?

In 1990, one UK medical herbalist-practitioner summarised the principles of
herbal medicine, cited as follows:

(1) Treats people rather than diseases, causes rather than symptoms,
individuals rather than stereotypes;

(2) Uses medication and advice to support the patient’s own vital energy and
self-healing potential; and

(3) Prescribes essentially non-toxic herbal treatments derived from the whole
plant and not isolated from isolated or synthetic ingredients.**?

The concept of vitalism is apparent in other disciplines of herbal medicine.
Despite different cultures, different continents and different words, there is a
universal principle underlying the primary purpose of traditional plant-based
medicines of supporting the life-force of the patient: vitality (naturopathic medicine,
North America, Western and European herbal medicine), prana (Ayurveda, India),
gi (traditional Chinese medicine, China, Asia) and tabiat (Unani medicine, Greece,
Persia, India). Vital forcel/life force was regarded as a creative power for self-

133

regulating and self-healing™ that directs the processes of metabolism, growth,

reproduction, adaptation and interaction in the body.***
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Trickey states that:

All traditional medicine, which is based on the belief in vitalistic concepts,
strives to maintain and support the individual’'s inherent vital energy, qi or
prana. Central to this theme is that medicines should do no harm, and that
correctly administered, they will assist the conservation of, or return to, a
state of health.™*

Mills summarised the integration of physiological science with traditional
concepts of health and disease as follows:

the human is a willful vibrant idiosyncratic wonderful being, not to be divided

into compartments, whether these are of ‘body’, ‘mind’ or ‘spirit’, or separate

functional fragments; all living beings are inherently self-regulating; and in
health their functions are totally integrated and barely identifiable; disorders,
however, manifest as patterns of dysfunction that can be recognized,
charted and interpreted, to the benefit of any healing intervention.**

The fourth guiding principle of herbal medicine—individualised treatment is
instigated after a thorough consultation following naturopathic guidelines. The
relevant pharmacological/ biological actions of the herbal medicines are combined
in a herbal prescription tailored to meet the needs of a patient. This does not readily
lend itself easily to the rigorous examination of a randomised double-blind, placebo-
controlled trial (RDBPCT). There have been some exceptions, such as the elegant
study design (a RDBPCT), of a traditional Chinese medicine intervention that
allowed a treatment arm to individualise the treatment in IBS after a consultation

with a traditional Chinese medicine practitioner.**’
The Philosophy of Naturopathy

Naturopathy (an umbrella term for therapy which includes herbal medicine
and nutritional medicine as the two core-treatment modalities in Australia)*® is
based on six principles (maxims): the healing power of nature (vis mediatrix
naturae), identify and treat the cause of disease (tolle causam), treat the whole
person (tolle totum), first do no harm (primum non nocere), educate/teach the
patient (docere) and disease prevention (preventare).**®

Naturopathic treatment follows a therapeutic order which recognises and
prioritises the principles of naturopathic medicine. An adapted Australian-specific
therapeutic order which follows Zeff, et al. in the US'* comprises the subsequent
steps:

(1) restore the foundation of health by reducing ‘obstacles to cure’ and
encouraging opportunities for healing;

(2) identify potential barriers to health and support/treat appropriately;
20



a. hereditary/genetic factors, including parental preconception health,
genetic and epigenetic variations;

b. socioeconomic, spiritual, environmental and lifestyle factors, including
hygiene, exercise, interpersonal relationships, stress and relaxation;

c. previous history of illness and treatment; and

d. dietary intake and digestion;

(3) enhance the body’s inherent ability to heal by focussing on the cause of
disease;

(4) modulate body systems, strengthen weakened organs and tonify overactive
organs. The focus is on the following aims:

a. strengthen or modulate the immune system;

b. remove toxins;

c. reduce inflammation;

d. tonify (supplement energy available in a part or system of the body)
the nervous system;

e. balance metabolism and hormonal activity (correct nutritional
deficiencies); and

f. strengthen and tone other body systems where necessary.

(5) attend to structural problems (if necessary, referral to an osteopath or
massage therapist);

(6) address specific pathological or other conditions and prescribe appropriately
(e.g., antivirals for viruses) after the cause has been identified and treated;
and

(7) refer for suppression of disease activity (e.g., cortisone treatment) or

surgical intervention if necessary.*****°

Advances in pharmacology, pharmacognosy and pathobiology have

strengthened knowledge and understanding of traditional medicines and provided a

deep understanding of the mechanisms underpinning disease states. This now

informs the treatment protocol of the modern naturopath. Multifactorial disease

mechanisms in hepatitis C, demand a multifactorial naturopathic treatment protocol.

The Naturopathic Protocol in the CHC Patient

In 1995, Batchelder, et al., suggested a naturopathic treatment protocol for

viral hepatitis A-E should: boost the immune system, prevent necrosis, support and

encourage regeneration (liver assumed, but unspecified), promote bile flow, waste
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elimination and detoxification, address addictions, e.g., alcohol consumption, and

140 Scalzo, in the same year, suggested hepatocyte restoration

address hygiene.
and immune enhancement as the primary elements in a therapeutic botanical
protocol in viral hepatitis.***

The Study Coordinator in 2011 suggested the following (recently published
in a peer-reviewed Clinical Naturopathic Medicine textbook) as a naturopathic
protocol for the treatment of the CHC patient.

(1) reduce hepatic inflammation by decreasing the influence of inflammatory
mediators and inhibiting inflammatory pathways (anti-inflammatory);

(2) reduce oxidative stress, enhance endogenous antioxidants and improve
mitochondrial function (antioxidant);

(3) support the immune system and balance T helper 1 lymphocyte/ T helper 2
lymphocyte (Th1/Th2) (immune-modulator);

(4) reduce insulin resistance (antioxidant, glycaemic modulator);

(5) reduce hepatic steatosis (antioxidant,hypolipidaemic);

(6) reduce hepatic fibrosis (antifibrotic, antioxidant);

(7) promote antiviral activity or support antiviral activity of conventional protocol

(antiviral);

(8) improve overall organ (liver) function (hepatoprotective, hepatorestorative);

(9) improve digestion (promote the release of digestive enzymes and improve
carbohydrate, fat and protein metabolism in the liver, pancreas, stomach,
jejunum) and reduce any digestive disturbances associated with hepatitis

(such as abdominal pain, nausea, fullness or bloating) (bitter);

(10) reduce fatigue, depression and irritability associated with chronic disease

(adaptogen); and

(11) improve vitality and quality of life (adaptogen).**?

According to the above protocol, an ideal naturopathic medicinal
prescription would address and target all aspects of the disease mechanism in
hepatitis C (outlined above). A complete list of the overlapping pharmacological
actions of the Hep573 trial interventions appear at the end of this chapter.

Although a naturopath would individualise the treatment according to each
patient’s presentation and emphasise certain pharmacological actions accordingly,
the question asked in this Study is whether such a generic treatment approach

would bear evidence of efficacy.
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NATURAL HISTORY

Only a minority of people can eradicate HCV infection (25%, range 15-
50%).%*3"13 viral clearance and viral persistence in the hepatitis C population has
garnered much interest as to the exact host response characteristics that allow
some people to clear the virus while the majority develop chronic infection.

Acute Hepatitis C

HCV RNA appears in serum seven to 10 days after initial exposure and
infection.**'*> The median time between exposure to HCV infection and

146,145 Wlth a

seroconversion (development of HCV specific antibodies) is 50 days,
range of 3-12 weeks.** Many patients are unaware they have been exposed to
HCYV infection until many years later, as in most cases, hepatitis is mild during the
early acute phase. The majority (75%) of cases are anicteric and asymptomatic.*’
Acute HCV symptoms only occur in 25% of affected people and include influenza-
like symptoms, fever, jaundice, dark urine, fatigue, nausea, vomiting, anorexia and
abdominal pain.*** There is some discussion that symptomatic infection may
predispose the individual to viral clearance. Acute hepatitis C rarely results in

fulminant (decompensated) hepatitis.*****°

Chronic Hepatitis C

Of those infected with HCV, 75% (range, 50-85) will progress to chronic
infection.**3%14>1473" Chronic hepatitis C can result in hepatic fibrosis, cirrhosis,
hepatocellular carcinoma and end-stage liver disease in some patients.*#>*4"*
Complications of cirrhosis include portal hypertension, ascites, hepatorenal
syndrome and variceal bleeding.**

149

Clinical symptoms include: fatigue (most common~"), malaise, nausea,

anorexia, pruritis, weight loss,**° arthralgia,**° musculoskeletal pain, night sweats,
dry eyes (Sicca syndrome), right upper quadrant pain or liver discomfort.***
Extrahepatic manifestations of chronic hepatitis C include: mixed
cryoglobulinaemia, glomerulonephritis, porphyria cutanea tarda, low-grade
malignant lymphoma, autoimmune thyroiditis, lichen planus, Sjogren’s syndrome,
aplastic anaemia, polyarteritis nodosa, erythema nodosum, idiopathic pulmonary

fibrosis,'*® and diabetes mellitus.*>*
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Factors Influencing the Natural History

Valuable contributions to an understanding of the natural history of CHC

.,%2153 \who identified a

have been made by many, but in particular by Poynard, et a
temporal progression relating to age of acquisition of HCV infection along with
Missiha, et al.,*® by identifying modifiable and nonmodifiable factors in liver-disease
progression.

Poynard, et al.,*** using both single (N=2235) and paired (N=170) liver
biopsy specimens, found the average estimated duration of HCV infection for
progression to cirrhosis was 30 years; this reduced to 13 years for men infected
with HCV after the age of 40. It increased to 42 years in women who were infected
with HCV before 40 years of age and were abstinent from alcohol.**?

The cirrhosis incidence after 20 years of HCV infection is dependent on the
person’s age at infection: 2% of those infected prior to the age of 20 years
developed cirrhosis compared to 6% of those infected between the age of 21-30
years, 10% (31-40 years), 37% (41-50 years) and 63% of those who contracted
HCYV infection over the age of 50 years.'*

1., concluded that the identified host factors were stronger

Poynard, et a
than the virological factors in promoting disease progression. A possible reason for
the faster progression of HCV infection in those who have acquired the infection at
an older age (>40 years) may be associated with host defence mechanisms
weakening in older people.'** Missiha, et al.,*® suggests changes in immune
function, decreased hepatic blood flow and declining mitochondrial capacity with
age may be mechanisms by which age influences fibrosis progression.

Uni- and multivariate analysis have shown the factors associated with the
progression to liver fibrosis are: age at infection****>>** duration of infection,**°

36,155

necroinflammatory score on initial biopsy, presence of fibrosis on the index

biopsy (P=0.014),"" HIV coinfection,**® consumption of more than 50 g alcohol per
day, male gender,*****®* CD4 count lower than 200/mL and body mass index (BMI)

>25"%0 230"°°*%° and/or diabetes, metabolic syndrome with insulin resistance

156,37,161

and/or worsening steatosis together with serum ALT levels 21.5 x**° and >5

155

x upper limit of normal (ULN).™ It is interesting to note that Massard (based in

37,162

Europe) did not include hepatitis B as a risk factor in fibrosis progression

which is an issue in the Asia-Pacific region.
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Modifiable and nonmodifable factors in fibrosis progression.

The modifiable and nonmodifiable factors which have been associated with
hepatic fibrosis progression in CHC patients are now summarised in Table 2.2 and
Table 2.3.

Table 2.2: Nonmodifiable factors in progression to hepatic fibrosis.

Factor Evidence

Age at acquisition of HCV infection SOI3 ST I g RETS

Age at acquisition >40 years 152,153

Age at biopsy Ind RF™’

Duration of infection %

Male gender 6152188105 | g RE™
Host genetic factors %

Key:

Ind RF = independent risk factor
RS retrospective study
ULN upper limit of normal reference range.

The non-modifiable factors in progression to hepatic fibrosis are: age
(acquisition of HCV infection, biopsy), gender (male), duration of infection and
genetics (immune, interferon sensitivity). The independent risk factors associated
with hepatic fibrosis are: age at acquisition of HCV infection, age and necrosis
stage at liver biopsy, male gender, ALT levels ranging from 21.5-5x ULN, ALT=
70IU/L, daily consumption of >50 g alcohol, and cannabis use. One area of
controversy is the role that ALT levels play in fibrosis progression. (This will be

discussed in the normal ALT and histology section.)
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Table 2.3: Modifiable factors in progression to hepatic fibrosis.

Factor Evidence
Necroinflammatory score (index biopsy) 56,155
Necrosis stage (index biopsy) Ind RF™
Fibrosis stage (index biopsy) 157,106
ALT levels > 1.5 x ULN Ind RF™
ALT levels = 5 x ULN Ind RF™
ALT levels >70I1U/L Ind RF™’
Co-infection: HIV, HBV HIV™®
HBV
BMI >25-30 >
Steatosis 36,106,168

Insulin resistance

36,169

High serum glucose

165

Alcohol

>60g alcohol daily (men)

>40g alcohol daily (women) for >5 years
Ind RF*"°

>50g alcohol daily

156,171,172

Ind RF™>
Tobacco smoking 1A
Daily cannabis use ST
Ind RF, RS'"®
Ind RF, PS*"
Key:
Ind RF = independent risk factor
PS = prospective study
RS = retrospective study
ULN = upper limit of normal reference range.

Overwhelmingly, the factors promoting hepatic fibrosis are modifiable:
necroinflammatory score and stage on biopsy, fibrosis stage on biopsy, ALT levels,
comorbidities (HIV, HBV, BMI >25-30), steatosis, insulin resistance, and lifestyle
issues of alcohol, tobacco and cannabis intake.

There is consensus in the literature on the non-modifiable factors associated
with progression to hepatic fibrosis, particularly age. The comorbidities that affect
resolution or progression such as hepatic steatosis, insulin resistance, diabetes and
BMI >25-30 are all inflammatory conditions caused by oxidative stress and
therefore, potentially modifiable with the use of antioxidants, weight loss and other

lifestyle interventions.
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Biological effects of reactive oxygen species (ROS)reactive nitrogen species (RNS) in hepatitis C.

_ Extrahepatic
Systemic .. > Manifestations
Oxidative Stress (diabetes, cardiomyopathy ,
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Figure 2.2: Biological effects of reactive oxygen species (ROS)/reactive
nitrogen species (RNS) in hepatitis C.
(Reprinted by permission from The American Physiological Society,"®® 2006.)

Figure 2.2 illustrates the complex interplay between ROS/RNS and liver
diease progression.

The most useful contribution to the natural history literature has been the
characterisation of modifiable risk factors that, if addressed, may slow the rate of
hepatic fibrosis progression in CHC patients. The reduction or avoidance of alcohol,
weight loss (if overweight), body weight and waist circumference, along with good
glycaemic control have all been shown to favourably modify disease progression.
This can be empowering for hepatitis C patients as it provides an opportunity to
take responsibility for their ongoing health maintenance and general well-being.
(This is strongly endorsed by naturopathic principles of treatment discussed
previously).

Hepatic steatosis, insulin resistance and liver injury.

Hepatic steatosis in varying degrees is present in about 70% of people with
CHC. A complex relationship exists between hepatic lipid turnover, insulin
resistance, hepatic inflammation, HCV viral replication, and most importantly, the

clinical outcomes of CHC (fibrosis progression and possibly liver cancer). Data
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indicate that, apart from adiposity, viral genotype-specific mechanisms exist for

181,182.183.184 and CHC is associated with insulin resistance, the

hepatic steatosis
precursor to Type 2 Diabetes.'® Research has estimated that 30% to 70% of
hepatitis C patients demonstrate some level of insulin resistance.*®

Genotype 3 has a direct cytopathic effect on the liver, brought about by the
induction of fatty changes. Although it is not yet fully understood; the mechanism of
hepatitis-C-induced hepatic steatosis by HCV genotype 3 may be interference with
triglyceride secretion.™®® There is strong evidence that the HCV RNA viral load
determines the severity of steatosis which can be resolved after HCV antiviral
treatment.*®’

Recent studies (including a meta-analysis of 3068 subjects) indicate
steatosis and insulin resistance are independently associated with hepatic fibrosis,
most likely through intermediates involving cellular oxidative stress and cytokine
release. %'

The development of steatosis has not been associated with either
autoimmune hepatitis or hepatitis B infection.™*® Steatosis is often referred to as the
first hit’ or substrate for HCV-related oxidative stress, with cytokine release
acknowledged as the ‘second hit’ to induce necroinflammation, apoptosis and
hepatic fibrosis.*™* Steatosis plays a role in the progression of liver injury in CHC by
regulating death receptors and activating NF-kB.**?

Insulin resistance is mostly associated with HCV genotype 1 infection.*®®

The HCV core protein has a direct effect on hepatocyte insulin signalling,*****

193

particularly the insulin receptor substrates,” that leads to the production of

cytokines such as TNF-a and IL-6, increasing both the inflammatory response and

oxidative stress.!9%1%

Diabetes.

Approximately one-third of CHC patients develop Type 2 diabetes

196,197

mellitus. Diabetes and elevated serum glucose are independent risk factors

for hepatic fibrosis.'*® Gopaul, et al., reported that F.isoprostanes were elevated
three-fold in Type 2 diabetes compared to healthy individuals, confirming that OS is

a factor in diabetes.*®®

Factors found to promote OS in diabetes included
antioxidant deficiencies, increased production of ROS and the process of glycation
and glycol oxidation. Insulin resistance and diabetes also reduce the effectiveness

193,195

of antiviral therapy and accelerate the histological and clinical progression of

chronic hepatitis C.**°
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Alcohol and chronic hepatitis C.
Regular daily alcohol consumption has been associated with liver injury

(elevated transaminases),?®**** liver fibrosis,?*?%**? |iver cirrhosis,?***% higher

209,210,211 immu ne

209,213,214,215

serum HCV RNA,2%%207:208 jncreased oxidative stress,

and
217,204,218

suppression,?*? reduced response to interferon monotherapy,

combination therapy in CHC patients®*°

and also to mortality in CHC.
Excess ethanol (40-80g/day)?*® can produce three different pathological
disorders in the liver: fatty liver (alcohol-associated hepatic steatosis), alcoholic

hepatitis and cirrhosis.”**

Both alcohol and HCV infection can replicate four
hallmarks of liver disease: steatosis, steatohepatitis, fibrosis and hepatocellular
carcinoma.?®°

While it is well established alcohol consumption causes liver injury and
cirrhosis; the daily alcohol intake and duration preceding these outcomes remains
controversial. Ostapowicz, et al.,*"* found patients with HCV cirrhosis had a
greater total alcohol consumption over their lifetime (P=0.018) and duration of HCV
infection (P=0.02) compared to those with non cirrhotic chronic hepatitis. Seeff, et
al.,”*® observed that two-thirds of CHC patients who died from end-stage liver

205
.,

disease were chronic consumers of alcohol. Corrao, et a also found alcohol

accelerated the progression to cirrhosis in the CHC patient. Vento, et al.,?**
summarised this research by reporting the relative risk of developing cirrhosis in
the HCV-negative drinkers >50g alcohol/day was 15, the risk in HCV-positive non
drinkers was 9 and the risk in HCV-positive drinkers was 147.

Poynard, et al.,**

showed regardless of age or duration of HCV infection,
patients who drank > 50g alcohol daily had a 34% increased rate of progression to
fibrosis over non-drinkers. Recently, even moderate alcohol consumption has been
implicated in disease progression in CHC. The proportion of hepatitis C patients
with moderate (F2), marked fibrosis (F3) or cirrhosis (F4) more than doubled
(67.6%) if they consumed 31-50 g alcohol per day compared to 29% in the
abstinent group (P<0.001). The daily amount of alcohol aggravating liver disease
progression was lower in women (21-50 g/day) compared to men (31-50 g/day).*
Alcohol influences response to pegylated interferon and ribavirin treatment
and a consumption of less than 30 g daily is a predictor.”*® The SVR in interferon
mono-therapy fell from 33% in non-drinkers to 20% in mild-drinkers (25-50 g

alcohol/day) to 9% in heavy drinkers (=75 g alcohol/day).?*®
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Six months abstinence from alcohol before treatment is insufficient to

counteract the negative effect of the lifetime intake of alcohol.?**

This may be due
to the severity of the liver damage caused by alcohol. An alcohol intake of 240 g
alcohol/day monitored over five years caused elevations in alanine
aminotransferase levels by 1.5 (Odds ratio:1.2-1.8) (P<0.05) and aspartate
aminotransferase levels by 2.5 (Odds ratio:1.9-3.5)(P<0.01) in chronic HCV liver
disease patients.*®® Serum alanine aminotransferase and aspartate
aminotransferase levels are well correlated with self-reported drinking.?*

The AUDIT-C questionnaire®**** an effective and validated screening tool
for alcohol consumption, was used to assess alcohol intake throughout the Study
duration.

P450 isoenzymes in ROS induction.

Metabolism of ethanol cytochrome CYP2E1 and alcohol dehydrogenase
generates acetalaldehyde and ROS. Ethanol also potentiates HCV-induced

oxidative stress and lipid peroxidation.**
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Figure 2.3: Sources of reactive species during HCV infection and possible
combined effects of alcohol.

(Reprinted from Free Radic Biol Me
Elsevier.)

d, ?*® Copyright (2012), with permission from
In Figure 2.3, HCV factors involved in the generation of OS are italicised.
Black dotted lines indicate events, that are probable but have not yet directly

demonstrated to have occurred in the presence of HCV.?*
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Antioxidant Systems

Antioxidant systems are an important modifiable factor in the natural history
of HCV infection and may attenuate the potential damaging effects of OS and
disease progression. Antioxidants work:

(1) directly in the body as part of redox reactions®”’;
(2) indirectly, by inhibiting the activity of free radical producing enzymes®’; or
(3) indirectly, by upregulating endogenous, antioxidant, enzyme systems.*’

Hepatocytes are armed with both nonenzymatic and enzymatic antioxidant
defences to maintain a balanced redox state inside the hepatocyte.?*® During the
inflammatory process, hepatocytes are exposed to large amounts of ROS but an
efficient antioxidant system to neutralise free radicals, protects liver function.?*

Nonenzymatic defences.

The nonenzymatic defence systems depend directly on antioxidant
nutrients, ascorbic acid'®***° alpha-tocopherol,?"*?® vitamin A,?*® flavonoids and
carotenoids.?*® Herbal medicines such as Silybum marianum?** and Camellia

23323 and tomatoes and carrots are a rich

235,236

sinensis are rich sources of flavonoids
source of carotenoids lycopene and betacarotene respectively.

Enzymatic defences.

The three main enzyme controlled intracellular antioxidants are superoxide
dismutase, glutathione and catalase.”*"*** Superoxide dismutase is found in the
cytosol and mitochondria of the liver and can reduce superoxide anion to hydrogen
peroxide and water.?*"#® Glutathione is located in the mitochondria and the
cytosol, and eliminates the bulk of the hydrogen peroxide; catalase, found in the
peroxisomes, removes any remaining hydrogen peroxide.?**?%

These antioxidants can also be categorised into sulphur-containing (thiol)
and non-sulphur-containing (non thiol) compounds. The two main thiol-containing
compounds, glutathione and thioredoxin®*® are particularly important to the redox
status of the liver.?**2%

Thiol. A thiol group is a sulphydryl group attached to a carbon atom group
(CH,-SH). Thiol groups are redox sensers through the sulphydryl (SH) side chain,

241.242 Thiol molecules can be either oxidised or

the active site for electron flow.
reduced to assist the body in maintaining oxidative homeostasis. In the body, the
main source of thiol is the amino acid cysteine and its disulphide cystine. This
ability to exist in a reduced or oxidised state and to convert between those two
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states forms three thiol-based, redox system couples: cysteine/cystine, GSH/GSSG
and TrxSH/TrxSS, discussed below.?*%?%

Glutathione. GSH is the major endogenous antioxidant in hepatocytes.**°
Glutathione is a water-soluble tripeptide comprised of the amino acids glutamine,
cysteine and glycine (gamma-L-glutamyl-L-cysteinylglycine).**
be: free (GSHt), reduced (GSH), oxidised (GSSG), or bound to proteins
(RSSG).?***** Oxidised glutathione (GSSG) can be converted to reduced

glutathione (GSH) and vice versa.”***® Glutathione is present in cells mainly in its

Glutathione may

reduced form.
Hepatic GSH is maintained at a relatively constant concentration, through de

240247 controlled by homeostatic mechanisms.?*® GSH can

novo synthesis and turnover,
be synthesised de novo from the precursor amino acids by a two-step process involving
two ATP-dependent cytosolic reactions.?**?* The first step is catalysed by the enzyme
y-glutamyl cysteine ligase (y-GCL) which adds glutamic acid, *****° the second step is

23,247

catalysed by glutathione synthase which adds glycine to a cysteine residue forming

a new glutathione molecule. In this process, (y-GCL) is a rate-limiting factor.?*°2°%2%®
Mitochondrial GSH, which comprises 10% of the hepatic glutathione, is
considered more important than the 90% present in the cytosol as it supports

mitochondrial function that is essential to physiological apoptosis.”*°
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Figure 2.4: The glutathione redox cycle.
(Reprinted by permission from Macmillan Publishers Ltd: Cell Death and
Differentiation,”*® Copyright (2005).)

Key:

GSH = reduced glutathione

GSSG = oxidised form of glutathione
GS-R = oxidised form of glutathione
GSSG-Red = GSSG reductase

Trx = thioredoxin

GSH-Px = glutathione peroxidise

Figure 2.4 illustrates the glutathione oxidation and reduction cycle. SS-R
and GSSG are reduced by either thioredoxin reductase or GSSG reductase to
glutathione. NADPH is an upstream supplier in both cases of reducing

238

equivalents.”™ The GSH/GSSG couple is the most commonly found redox couple

of the cell.”®* GSH/GSSG ratio is often used to determine the redox state of the
system 251,252,253

Nrf2/ARE Pathway. There is currently considerable focus on the nuclear
factor E2-related factor-2 (Nrf2) /antioxidant response element (ARE) pathway
which mediates phase Il detoxification and antioxidant defence systems (Figure

2.5).2* Nrf2 binds the ARE, activating detoxification and antioxidant defences.?*
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The Nrf2/ARE pathway is activated by pathways such as protein kinase C (PKC), c-
jun N-terminal kinase (JNK), p38, extracellular signal-regulated protein kinase
(ERK) and phosphatidylinositol-3-kinase (PI3K).>*

Model for activation of the Nrf2 — ARE pathway

JNK PKC ERK 'PIBK P38
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Figure 2.5: Model of activation of Nrf2-mediated ARE pathway by

phytochemicals.
(Reprinted with kind permission from Springer Science and Business Media:
NeuroMolecular Medicine,”* (2008).)

Figure 2.5 models the activation of Nrf2-ARE pathway by phytochemicals,
directly (red arrow) or indirectly (green arrow) via upstream kinases (PI3K, p38,
ERK, PKC, JNK). Activated Nrf2 translocates into the nucleus, interacts with the
antioxidant response element (ARE), causing the transcription of target genes to

synthesise antioxidant and phase Il enzymes.?**

PATHOGENESIS OF HCV INFECTION AND OXIDATIVE STRESS

The interaction of the virus with antioxidant systems and the generation of oxidative

stress are presented below.
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Virology

HCV is an enveloped®®

single-stranded RNA virus in the hepacivirus genus
of the Flaviviridae family.”*® The core-glycosylated HCV envelope membrane
proteins (E1 and E2) bind to the CD81 receptor. This allows the entry of HCV into

the hepatocyte. >’

There it undergoes an RNA-dependent replication cycle in the
cytoplasm.®® Transcription of the viral genome produces a large polyprotein that is
later processed into 10 viral proteins consisting of three structural proteins (core,
Envelope 1 (E1), Envelope 2 (E2), six nonstructural (NS) proteins (NS2, NS3,
NS4A, NS4B, NS5A, and NS5B) and an ion channel protein p7.2°%%*° The hepatitis
C virus can produce up to 10*?virions per day® in the infected host. HCV infection
is detected by ELISA which identifies immunoglobulin G (IgG) antibodies against
epitopes produced from the core, NS3, NS4 and NS5B antigens.”® Results are
verified by testing for HCV RNA, which has been available in Australia since 2002.
The HCV nonstructural proteins assist HCV replication in the following ways:
(1) NS2/3 protein is a protease that causes the cleavage of the viral peptide
between NS proteins NS2 and NS3%%:;
(2) NS3 contains three enzymes required in HCV viral replication: a protease,
an RNA helicase and a nucleotide triphosphatase (NTPase)?**;
(3) NS3 upregulates and induces tumour necrosis factor alpha (TNF-a, a pro-
inflammatory cytokine) production in the liver®*:;
(4) NS4A is a cofactor for protease activity>>;
(5) NS4B is an integral membrane protein and is part of the HCV RNA
replication complex®®*:
(6) NS5A is responsible for interferon sensitivity of HCV?®*; and
(7) NS5B is an error-prone RNA-dependent RNA polymerase that generates

146

minor viral variants which can evade immune recognition.”™ This poor proof-

reading capacity of the RNA polymerase leads to random base substitutions

into the HCV viral genome and the generation of viral variants or

‘quasispecies’.?*®?*%%*" This occurs in the hypervariable region of the E2

protein of the viral genome.*’

P7, a structural HCV protein operates as an ion channel,?*®?*° and is

necessary for the assembly and production of infectious viral particles.

270,271,272

HCV replicates mainly in the liver. Extrahepatic HCV replication

271

occurs in the dendritic cells, B cells,”"~ peripheral blood mononuclear cells

35



(PBMC)?***® lymph nodes, spleen, pancreas, adrenal glands, thyroid,*’*?"® bone
marrow, oral mucosa,’’* as well as epithelial cells of gut and the central nervous
system.?*®

The HCV life cycle involves receptor binding and endocytosis, entry into the
hepatocyte, fusion and uncoating, translation and polyprotein processing, followed
by RNA replication and virion assembly before transport and release from the

cell.®
Oxidative stress in HCV Infection

Oxidative stress (OS) is an imbalance between oxidants and antioxidants®

10.275.276217 yidative stress occurs when the metabolic generation®*’ of reactive

278

oxygen species (ROS) and reactive nitrogen species (RNS)“"* exceeds the

capacity of the homeostatic antioxidant defence systems to neutralise them.?*"?"®
OS is the underpinning cause of damage to cells in multiple diseases®”
including chronic hepatitis C,***0:20:128:180280-283 b5 amgchromatosis,>*** alcoholic

276,285

liver disease, autoimmune hepatitis,**® diabetes,”®’ and cancer,?® and it may

also influence healthy aging.**"?"

The HCYV infection is a direct cause of oxidative stress (OS). The immune
response to infection exacerbates oxidative stress, drives the inflammatory process
and correlates with the severity of the disease.?’11>128180.282283 Tha aycess and
persistent production of ROS/RNS becomes pathological, subsequently depleting
antioxidant defences.?”*?®° The consequence of this OS is damage to cellular
proteins, lipids and DNA causing mitochondrial dysfunction, endoplasmic reticulum
stress and modifications to signalling pathways resulting in an ineffective immune
response and driving inflammation (Figure 2.6) via necrosis and

fibrosis 238,279,289,283,290
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Figure 2.6: Flow chart showing the events leading to antioxidant mobilisation

in response to oxidative stress.
(Reprinted from Nutrition,***.Copyright (2001), with permission from Elsevier)

Figure 2.6 illustrates the physiological or pathological consequences of OS
in HCV infection. Oxidative stress is extremely pervasive in its downstream effects.
OS affects the messengers, receptors, signalling pathways and intermediary

proteins, directly affecting transcription factors which control gene expression,

279,282,238,250

protein synthesis and cell function. Therefore OS is acting at all levels:

intracellular and extracellular, as well as intrinsic and extrinsic pathways as

illustrated in cell proliferation, differentiation and cell survival.?%-2°0:247:250.240.238

That HCV infection leads to OS is supported by the results of clinical trials
demonstrating that the OS may be significantly reduced by the eradication of the

292,293

HCYV by interferon and ribavirin therapy. ROS levels in human hepatoma cells
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infected with HCV JFH-1 have been found to be 30 - 60-fold higher than uninfected
cells.®

Measures of plasma anti-oxidant capacity and markers of lipid peroxidation
have demonstrated utility in monitoring the progression of liver damage and the
response to antiviral therapy in CHC.**® Yadav, et al.,*, Duygy et al.,**° and

1.," all confirmed a correlation between OS and disease progression.

Chuma, et a
This was confirmed by a negative association between high whole blood
glutathione and vitamin C levels and reduced hepatic inflammation (P=0.02) and
fibrosis (P=0.02) in 247 CHC patients.*?® Further studies have correlated low

298,180,16,298,299

antioxidant levels with increased fibrosis, elevated

16,300,

malondialdehyde and elevated F.isoprostanes.'® Glutathione, in particular,

was reported to be significantly depleted in the liver, blood, and lymph in CHC
patients.>0+3%
Some of the direct and indirect causes and consequences of OS follow:
(1) direct HCV infection as described in immune response to HCV infection;
(2) increased cellular metabolism due to:
a. viral replication;
b. immune response; and
c. DNA repair.
(3) mitochondrial dysfunction;
(4) endoplasmic reticulum stress?®*#%°;
(5) iron overload®’; and

(6) modulation of antioxidant systems.?*
Immune Response to HCV Infection

The immune response is complex and multifactorial. The majority (75%) of
infected individuals are unable to completely eradicate the HCV virus, as the HCV
virus usually has found ways to circumvent the host’s immune response.
Successful viral clearance is associated with an immediate, persistent and strong
HCV-specific CD4+ T-cell***** and a vigorous multispecific cytotoxic T lymphocyte

305,306,146,304

(CTL) response against multiple HCV epitopes.®® If CD4+T-cell

responses do not occur or are not sustained, HCV persistence results, indicating
that an HCV-specific loss of T-cell help is essential for inmune evasion. %373
The failure of the cellular immune system to eradicate the HCV virus could

be explained by several different mechanisms, such as T-cell mutations,**
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abnormal T-cell differentiation and the suppression of virus-specific T-cell
responses.***3%

OS at the early stage of HCV infection may impair the immune-mediated
clearance of infected cells, as has been shown in HCV-infected individuals where
there is an association between depleted lymphocytic stores of reduced glutathione
and decreased peripheral mononuclear cytotoxicity.**°

Th1 helper cytokine profile in viral clearance.

Th1 and Th2 cells have different functions. Th1 cells enhance cellular
immune responses and secrete IFN-y, IL-2 and TNF-a. Th2 cells secrete IL-4, IL-5
and IL-10 amongst other cytokines, and promote humoral immune reactions.?*>'?
Viral clearance is more likely to occur in acute hepatitis C patients displaying a Thl
profile than a Th2 profile. 3331431

However, persistent Thl stimulation which fails to clear the virus results in
liver injury primarily induced by CTLs, natural killer (NK) cells and macrophages.
Research at RPA Hospital, Sydney, demonstrated that significant increases in
intra-hepatic macrophage numbers, inflammatory cytokines®® and intrahepatic Thi
phenotype correlated with portal inflammation and fibrosis.*'*> Mahrouf-Yorgov®"’
demonstrated that the main factor involved in susceptibility to fibrosis with aging
was an increased inflammatory reaction mainly comprised of CD4+ lymphocytes
and macrophages expressing Th2 cytokines rather than an acute Thl response.

In summary, a rapid Thl dominant response can clear acute HCV infection.
A Th2 response will not clear HCV infection and may promote fibrosis. However,
persistent Thl response without viral clearance is inflammatory. In essence,
ineffectual and delayed immune responses to chronic HCV infection will drive the
inflammatory process.

Host defences, how the host tries to combat HCV infection.

Demonstrated ways the host protects itself from viral attack are to:

(1) mount an effective CD4+ T cell and multispecific cytotoxic T lymphocyte
response146,304-306

(O3
(2) attempt to stop viral entry into the hepatocyte by activating the cytotoxic

T cells and natural killer cells®*#**?;

which is associated with resolution of acute hepatitis

(3) release IFN-y to suppress HCV replication®?’;
(4) enhance apoptotic (cell death) pathways to eliminate infected

hepatocytes®*%%;
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(5) ellicit a ‘wound healing’ response of the liver to injury caused by the
immune-mediated response to chronic hepatitis C infection**"**33%*: and
(6) activate antioxidant defence systems to counter the oxidative stress

caused by the virus.?®

Viral defences, how HCV proteins alter the host immune response.
Several HCV proteins have been found to alter the immune response as
follows:
(1) alter protein kinase cell signalling®*;
The activation of protein kinases, crucial for the initiation of type | interferon
signalling, is disrupted by HCV NS proteins at many levels: receptor,
adaptor protein, transcription and gene expression;
(2) disrupt interferon signalling via interferon regulatory factor 3 (IRF-3) and
nuclear factor kappa B (NF-kB)*®;
Two key pathogen-associated molecular pattern (PAMP) receptors are toll
like receptor 3 (TLR3) and retinoic acid inducible gene 1 (RIG-1). Both are
involved in the recognition of single and double-stranded RNA viruses. RIG-
1 is the dominant PAMP receptor involved in HCV RNA recognition. RIG-1
and TLRS3 are disrupted when NS3/4A protein blocks the activation of two
transcription factors, IRF-3 and NF-kB, which inhibits the expression of IFN-
a and interferon stimulated genes (ISGs)**’;
(3) disrupt interferon signalling via janus kinase (JAK)-signal transducer and
activator of transcription (STAT) pathway;
HCV core protein induces degradation of STAT 1, thereby blocking a
pathway leading to ISG expression and induces suppressors of cytokine
signalling (SOCS), which can further inhibit the JAK-STAT pathway.*?®
Inhibition of the JAK-STAT pathway, due to interferon suppression can
cause viral persistence and treatment resistance to occur®**%?°;
(4) modulate apoptotic pathways®*
HCV core protein may have a regulatory role in apoptosis by either

321

enhancing it or inhibiting it.>~ Inhibiting apoptosis may be advantageous for

HCYV infection because host hepatocytes can survive apoptosis, which

results in sustained infection.3?

It has been reported that HCV core protein
raised basal levels of ROS in Huh-7/191-20 cells by a factor of three

(P<0.001), increased lipid peroxidation products, raised antioxidant gene
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expression threefold to 65-fold, and increased cytosolic cytochrome ¢
(P<0.01) which may trigger the downstream effects of apoptosis’;

(5) increase oxygen radical production in phagocytes;
HCV NS3 protein causes an extended release of oxygen radicals from

mononuclear and polymorphnuclear phagocytes®*

through activation of
reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase.

NS3 activated phagocytes trigger oxygen radical formation which

contributes to dysfunction and apoptosis of the lymphocytes in HCV infected

liver tissue®*'3%;

(6) escape from T- and B-cell immune surveillance;
HCV NS4 protein changes the immature dendritic cell phenotype and
subsequently reduces the antigen-specific T-cell responses and Thl
cytokine concentrations®* and reduces the possibility of viral clearance.
E2/HCV core proteins also have an inhibitory effect on T cell function.
The absence of adequate CD4+ T-cell in impaired memory CD8+ T-cells

leads to mutations in Class | HLA restricted epitopes.®*®

Genetic profiles and HCV clearance.

334,335

The genetics of the host and the virus interact to influence pathogenesis and

viral clearance.

IL28B polymorphism and response to treatment. IL28B is very important

in treatment and spontaneous clearance in HCV infection. Six studies®"3*

an association with single nucleotide polymorphisms (SNPs) and spontaneous
treatment clearance. In HCV genotype 1 patients a significant association was
found between these polymorphic genetic variants upstream of IL28B on
chromosome 19, encoding interferon-A-3 (IFN-A-3) and improved viral clearance
rates (SVR) in treatment with pegylated interferon and ribavirin treatment.3*-3*3
Within the IL28B polymorphism, there is a doubling of the SVR rate in the C/C

compared with the T/T genotype.?*

As the C/C genotype is present in greater
numbers in those with European compared to African-American ancestry, this
offers an explanation for the differing response rates between these two
populations.®*

In addition to improved SVR rates, the IL28B polymorphism and the C/C
genotype were found in greater frequency in those who spontaneously cleared

HCYV infection (N=388) compared to those with persistent infection (N=620).>** The
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C allele frequency in the clearance group was 80.3% compared to 66.7% in the
persistent infection group (European ancestry) compared to 56.2% versus 37%
respectively (African ancestry) (This warrants further investigation.).>**

HLA Class Il alleles and viral clearance. Data on the role of HLA and
hepatitis C is highly controversial. Some studies indicate the HLA DRB1 class II
alleles are associated with viral clearance, but the best data on HLA have shown
that the HLA class | alleles and killer cell immunoglobulin-like receptors (KIR), such
as KIR2DL3, lead to spontaneous clearance and HLA C2C2 genotype is

associated with chronicity.>*®

Histological Damage

The types of liver cells involved in liver injury are summarised here, and the
inflammatory processes and stages of histological damage of apoptosis, necrosis,
fibrosis and cirrhosis are defined. Of special focus will be how these inflammatory
processes generate OS and are influenced by ROS.

Liver cells and liver injury.

The major biologically important liver cells governing liver function are the
hepatocytes, Kupffer cells (KC), liver sinusoidal endothelial lining cells (LSEC),

%% the liver-associated lymphocytes (LAL)**® and

hepatic stellate cells (HSC),
dendritic cells.*****" The hepatocyte is the cell primarily affected in HCV infection.
This process activates a variety of other hepatic cells to respond to the insult.
Kupffer cells play a central role in the liver's homeostatic response to injury
because they respond immediately to insult, releasing mediators that regulate
inflammation and repair.>*®

Liver sinusoidal endothelial lining cells (LSEC) have a ‘fenestrated
endothelium’, and are important in the clearance of waste products from the
blood,**® vascular tone, immunity,**® lipid homeostasis®**° and as barriers and
modulators of host defence responses.®*®

Hepatic stellate cells (HSC) synthesise, secrete and degrade components of
the perisinusoidal extracellular matrix (ECM). In normal liver, stellate cells exist in

their quiescent state and store fat**

351,352
A.

and approximately 80% of total body vitamin

Liver-associated lymphocytes (LALS) reside in the liver sinusoid and have a

superior level of natural killer cell activity compared to the peripheral blood
353

lymphocytes.™” Dendritic cells are now regarded as the primary antigen presenting

cells, however, their volume in the liver is exceptionally low.3**3*
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Kupffer cells, hepatocytes, HSCs, natural killer cells, lymphocytes, platelets
and dendritic cells in the liver all produce paracrine and autocrine, inflammatory
cytokines and growth factors in response to injury (infection and oxidative stress)
which activate HSCs,%>43°53°7:3%8

Cell death.

The recommendations from the Nomenclature Committee on Cell Death
(NCCD) in 2009’ have classified cell death according to a number of distinct
criteria: functional aspects (such as programmed accidental, physiological or
pathological); morphological appearance (such as apoptotic, necrotic, autophagic
or associated with mitosis); enzymological criteria; and immunological
characteristics.’

Apoptosis and necrosis are the focus of this discussion. They are the result
of a dynamic and complex interaction of ligands, receptors, signalling pathways,
proteins, enzymes and the environment rather than, as was previously believed,
two mutually exclusive pathways.**° Cells which at first undergo apoptosis can then
become necrotic in situations of increased oxidative stress due to disruption of
cellular respiration and also if the number of apoptotic bodies is greater than the
phagocytic ability.>*°

Apoptosis and necrosis. The expression ‘apoptosis’ was coined by Kerr,
et al.,** and defined by the NCCD as follows:

Apoptosis is accompanied by rounding up of the cell, retraction of the
pseudopodes, reduction of cellular and nuclear volume (pyknosis), nuclear
fragmentation (karyorrhexis), slight modification of cytoplasmic organelles,
plasma membrane blebbing (but the maintenance of its integrity until the
final s7tages of the process) and engulfment by resident phagocytes (in
Vivo).

The NCCD define necrotic cell death or necrosis as:

morphologically characterised by a gain in cell volume (oncosis), swelling of
the organelles, plasma membrane rupture and subsequent release of
cellular components (cytolysis)’ which elicits an inflammatory response in
the surrounding tissue.***

Necrosis is characterised by the failure of cellular respiration, loss of
membrane integrity and the rupture of cell contents. During apoptosis, ATP-
consuming processes are minimised, whereas in necrosis, ATP consuming-
processes, such as DNA repair continue, which with mitochondrial dysfunction,

leads to ATP depletion and respiratory failure. Respiratory failure with the loss of
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cell and mitochondrial membrane integrity leads to increased Ca®" levels, oncosis
and the rupture of cell contents which mediates an inflammatory,**%3* fibrotic
response>* rather than a silent response.®® In HCV the HCV NS5A protein directly
disturbs intracellular calcium levels.>*®

OS accelerates necrosis, and this process creates additional OS which
causes further damage to proteins, DNA, lipids and sensitises redox-regulated
necrotic cell signalling pathways, affecting gene expression®®* and causing
mitochondrial dysfunction.®®’

In apoptosis, the outer mitochondrial membrane (OMM) becomes
permeable and mitochondrial apoptogens, such as cytochrome c, which activate
the mitochondrial apoptotic pathway are released. In necrosis, a channel is opened
in the inner mitochondrial membrane (IMM) which is called the mitochondrial
permeability transition pore (MPTP). Water and solutes enter into the matrix
normalising the osmotic and electrical gradient between the two membranes
causing oncosis. This disrupts ATP production, as the energy gradient between the
IMM and the OMM is necessary for the conversion of ADP to ATP. Oncosis can
lead to the rupture of the mitochondria and release of apoptogens which may
contribute to cell death.*®’

ROS mediated DNA damage activates Poly (ADP-ribose) polymerase
(PARP-1) to repair DNA and regulate DNA transcription. Overreaction of PARP-1
depletes cellular NAD+, increases mitochondrial production of ROS and can trigger
the release of apoptosis-inducing factor (AIF) from the mitochondria. AlF, in
conjunction with an endonuclease, carries out large-scale DNA cleavage. NAD+ is
essential to the Krebs cycle and so the rate of glycolysis decreases, depleting ATP,
and ATP depletion is exacerbated by mitochondrial dysfunction.®®’

Pias, et al.,**®** consistently found that an imbalance in GSH/GSSG redox
status towards the oxidised state (GSSG) preceded the loss of mitochondrial

integrity.®”

Low glutathione inhibits the Caspase 8 deactivation of receptor-
interacting proteins RIP1 and RIP3.*"* RIP1 and RIP3 can increase catabolic
reactions, increasing ROS, reducing mitochondrial integrity.

Thioredoxin (Trx), binds to apoptosis signalling kinase 1 (ASK1), an
upstream activator of both JNK and p38 and under normal conditions inhibits its
activity. OS causes disassociation of Trx-ASK1 which promotes
autophosphorylation and activation of the downstream JNK pathway. Nuclear

translocation of activated JNK promotes expression of proapoptotic TNF-a, FasL
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and Bak, mitochondrial translocation of activated JNK promotes cytochrome ¢
release and mitochondrial mediated apoptosis.***

Apoptosis in the liver allows for the physiological turnover of cells and the
efficient removal of unwanted cells such as virus-infected cells and is not
associated with inflammation, whereas necrotic cell death, accelerated by
increased ROS and decreased antioxidants is pathological and
inflammatory.®*>3%7%37
Inflammation.

Inflammation is the result of a protective tissue response to injury, such as
infection which leads to the destruction of tissues and is characterised
macroscopically by redness (rubor), heat (calor), swelling (tumor/oncosis), pain
(dolor) and loss of function (functio laesa).*"

The inflammatory process in hepatitis C virus infection occurs as a result of
direct and indirect 0S®*”> which regulates the expression of both pro- and anti-
inflammatory mediators, affecting cell proliferation, differentiation and survival.®"®*"®

Hepatic necroinflammation is used to describe the inflammatory destruction
of the hepatocytes, described in the histological damage section. A high grade of
hepatic necroinflammation is commonly associated with a high stage of fibrosis in
CHC patients (N=290).%"" There is strong evidence that reducing OS-induced
hepatic necroinflammation may reduce hepatic fibrosis in many patients.*"®3%9-38

Hepatic fibrosis.

Hepatic fibrosis is a reversible, healing response to parenchymal
injury.®*"*®" It is characterised by the activation of HSCs**° leading to the
proliferation of contractile, migratory,®’ fibrogenic myofibroblasts (MFs), and the
subsequent accumulation of extracellular matrix (ECM) driven primarily by
inflammation.®*’

Friedman®">®? describes the activation of HSCs to MFs as consisting,
conceptually of two stages. The first, preinflammatory initiation stage, is due to
paracrine stimuli from damaged parenchymal cells. The second perpetuation stage,
is regulated by autocrine and paracrine stimuli and involves at least six changes in
HSC function. This includes proliferation, contraction, migration, retinoid loss, the
release of inflammatory, fiborogenic and mitogenic cytokines as well as the
increased deposition of ECM. %7382
Both the increase of ECM in the space of Disse and the changes in

structure and metabolic activity of the ECM, produced as a result of liver injury, lead
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to capillarisation of the sinusoids. This reduces metabolic exchange between
hepatocytes and the bloodstream leading to reduced function.

In fibrosis there is disequilibrium between fibrolytic and fibrogenic
processes.**"**® Some key cytokines and cell signalling pathways which inhibit
fibrogenesis are:

(1) STAT1 pathway which reduces fibrosis by inhibition of profibrogenic
signalling paths and is activated by IFN-y, IFN-a, IFN-B;%’

(2) IFN-y acts with NK cells to increase apoptosis and reduce fibrogenesis;**®

(3) Adiponectin, an adipokine, inhibits hepatic fibrosis by inhibiting the use of

ATP for non essential processes via the nuclear receptors (PPAR);**"%%®

(4) Adiponectin opposes the fibrogenic actions of leptin. The increase in leptin
and decrease in adiponectin in metabolic syndrome and obesity is linked to
the fibrosis of NAFLD.*® Leptin is secreted, due to translation of the obese
(ob) gene, by adipocytes and to some degree macrophages, fibroblasts and
monocytes. Leptin activates HSCs to MFs and stimulates Kupffer cells,
macrophages and endothelial cells to produce TGF-3; and

(5) Ghrelin may also reduce fibrosis.***

HCYV infection enhances hepatic fibrosis progression through generation of
ROS which activates redox-regulated signalling pathways to produce fibrogenic
cytokines.*®® Of the fibrogenic cytokines, platelet derived growth factor (PDGF) and
the induction of TGF-B are the most important.**” Strategies have merit which
minimise fibrogenesis by limiting the viral induction of OS.

Previously hepatic fibrosis was thought to be irreversible, but recent human
clinical trials in certain chronic liver diseases have shown that fibrosis can be
reversed if the injurious insult is removed, e.g., hepatitis C virus clearance by
pegylated interferon and ribavirin.**

Fibrosis resolution consists of degradation of the ECM and an increase in

357,386

MF apotosis. NF-kB, one of the transcription factors regulating inflammation,

immunity, healing and cell survival, is maintained at high levels during HSC

activation. NF-kB suppresses apoptopic pathways via Bcl-2 and induces

357

inflammatory cytokines.”™" Reduction in ROS will reduce levels of NF-kB, which in

385 An alternative

turn reduces profibrogenic cytokines and increases apoptosis.
pathway for resolution of fibrosis is MF senescence,®’ which is promoted by p21,

p16 and p53 proteins.®’
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Two new single nucleotide polymorphisms (SNPs), rs16851720 and
rs4374383 which regulate apoptosis and inflammatory responses respectively, may
predict fibrosis progression in CHC patients.*®’

Hepatic cirrhosis.

Cirrhosis is the result of ongoing necroinflammation and progressive
fibrosis. This is characterised by the development of regenerative nodules™*’
surrounded by fibrous bands which block the sinusoids. This stimulates
angiogenesis as well as the creation of vascular, fibrous portosystemic shunts

357

which further distort the liver architecture.”™" This can lead to raised intrahepatic

resistance (portal hypertension), synthetic dysfunction, ascites, impaired metabolic

357,382

capacity, end-stage liver disease®®® and hepatocellular carcinoma.®®

Measures of Oxidative Stress

Oxidative stress can be detected by the direct measurement of the
ROS/RNS; however, as these species are inherently unstable, such measurements
may be unreliable. OS may also be detected by measuring the resulting damage to
DNA, proteins and lipids.**® A number of compounds have been studied as markers
of OS; some of the most commonly used include:

(1) oxidative damage to DNA is 8-hydroxy-2 deoxyguanosine (8-OHdG), or the

390

corresponding base 8-hydroxyguanine (8-OH-G).”™ Another marker for

oxidative DNA damage is thymidine glycol that is produced when thymidine

is damaged by hydroxyl radicals;

(2) oxidation of amino acid residues on proteins forms protein carbonyls; "%

(3) lipid peroxidation include: malondialdehyde (MDA),**®

HNE) and F,.isoprostanes (1SO);***3**3% and

4-hydroxynonenal (4-

(4) antioxidants and other redox molecules, including catalase and superoxide

dismutase.

Lipid peroxidation.

Lipid peroxidation is a major characteristic of oxidant stress. Lipid
peroxidation usually arises from interactions between ROS or other free radicals
with polyunsaturated fatty acids and is catalysed by the presence of divalent metal

ions.?’®

Lipid peroxidation destroys polyunsaturated fatty acid components of
cellular membranes, which produce toxic and reactive aldehyde metabolites such

as malondialdehyde (MDA),*** 4-hydroxynonenal (4-HNE)*®* (alkoxyl radicals) and
394,394,396
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F..isoprostanes (peroxyl radical).



The HCV-core protein directly results in an increase in ROS as well as

20:395,397.398 |nqyction of

indirectly through interference with mitochondrial function.
HCV-core protein expression has been reported to result in a twofold increase (in
both in vitro and in vivo) in lipid peroxide products (4-HNE, MDA), in both Huh-
7/191-20 and HelLa 191-14 cells (P<0.05), as well as in total hepatic lipid
peroxidation products in transgenic mice.* In addition, HCV-core protein
expression caused a threefold increase in the basal ROS content of Huh-7 cells
(P<0.001).%°

Total cellular lipid peroxidation products provide a way to measure the
effects of 0S.?° Also fatty acid synthetase (FASN) which catalyses de novo
lipogenesis and is upregulated following HCV infection directly links viral infection
with lipid metabolic disorders.**® GSH depletion, morphological changes in the
mitochondria and the presence of lipid peroxide adducts have been found in liver
tissue sampled from HCV-infected patients.?’ Increased lipid peroxidation products
in plasma and raised superoxide dismutase activity in peripheral blood
mononuclear cells in CHC patients also indicate a response to increased oxidative
stress.”

Consistent with the literature that OS is implicated in lipid peroxidation and
disease progression in CHC patients, cirrhotic patients have significantly higher
levels of F,.isoprostanes, indicating OS damage of lipids, compared to controls
(P<0.0001).%°

Malondialdehyde.

Malondialdehyde (MDA) is commonly utilised in the literature as a marker of
lipid peroxidation in CHC patients, but arguably, it is no longer the best marker of

oxidative stress,389:394:401,393.402

The most commonly used method to analyse MDA
is the thiobarbituric acid (TBA) reaction expressed as TBA reactive substances
(TBARS). Concerns regarding the specificity of MDA using TBA reactants have
been expressed,®°3%44% a5 up to 98% of MDA that reacts with TBA is artefact

%3 |n vivo, MDA is rapidly metabolised and altered.**®

formed during the assay.
MDA forms a stable pink chromophore with TBA with an absorption
maximum at 535 nm. However, chromogens are formed with many aldehydes
other than MDA in the presence of carbohydrates, antibodies, antifungals and
DNA.%*
MDA is not specific to lipid peroxidation as it is also a byproduct of

394,403,389

thromboxane synthesis in the cyclo-oxygenase cascade. This presents a
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substantial problem in blood samples (serum or plasma) since there will be varying
degrees of platelet activation and thromboxane generation.
Increased MDA is a much less sensitive measure of lipid peroxidation

compared with measuring the increase in esterified F,.isoprostanes in the liver (2.7-

vs 80-fold increase respectively).*®

F.isoprostanes.

F..isoprostanes are prostaglandin-like compounds generated in vivo
independently of the cyclo-oxygenase enzyme by free-radical-driven peroxidation
of arachidonic acid.*** F,.isoprostanes are regarded as the gold standard to

determine oxidative injury in vivo generated by lipid peroxidation by a free radical

389,393,394,401,403,404

pathway and are a reliable marker to assess the efficacy of an

antioxidant intervention.***

F..isoprostanes are easily detected in free forms in all biological fluids and in

394

esterified forms in all tissues.”™" The measurement of F,.isoprostane levels is not

increased by the dietary lipid content®**4%°

389

or by freezing the samples
appropriately.

Recently, F,.isoprostanes levels have been found to correlate with collagen
deposition or fibrosis, making it a very valuable marker in hepatitis C patients. In an
animal model of CCl, hepatotoxicty, F,.isoprostanes were found to mediate hepatic
stellate cell proliferation and collagen production.*°®*°” These findings strengthen
the link between oxidative stress, lipid peroxidation and hepatic fibrosis.**®

Independent support for choice of F,isoprostanes.

The decision to measure F,.isoprostanes in this Study was supported by a
National Institute of Health (NIH) commissioned reviews of in vivo oxidative-stress
markers and their respective methodologies published in 2005.%°*%*% Kadiiska, et
al., evaluated various measures of OS in the CCl, induced hepatotoxicity model
(rats) and confirmed that plasma or urine samples of F,.isoprostanes (measured by
GC-MS, LC/MS/MS, radioimmunoassay and enzyme immunoassays),
malondialdehyde (MDA) (measured by GC-MS, not its common method) and 8-
OHdG in urine were the best general biomarkers to assess OS in vivo.***3%
The use of Fy.isoprostanes and the method (GC-MS) were both

393
d.

independently verified as the gold standar This is in contrast to MDA, where

the validated method for measurement of MDA (GC-MS) is not routinely used in

many hepatitis C studies.?%%391409410
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In summary, the F,.isoprostanes clearly have advantages over the other
widely available measures for testing oxidative stress such as TBARS, MDA, lipid

389,394

hydroperoxides, exhaled alkanes (ethane, pentane) or conjugated dienes as

artefaction is rare if there is strict adherence to sample preparation guidelines.

MEASURES OF LIVER INFLAMMATION

The main serum measures of liver inflammation are alanine aminotransferase,
aspartate aminotransferase (routine laboratory measures), cytokines and

apoptosis/caspases (laboratory/research tests).
Alanine Aminotransferase

Alanine aminotransferase (ALT) is a hepatic enzyme, found primarily in the

1 and released from damaged hepatocytes into the blood

cytosol of the hepatocyte
after hepatocellular injury or death.*? Given its predominant hepatic origin, ALT is
regarded as a specific marker of liver injury,**® and serum elevations are
considered the hallmark of hepatocyte necrosis.****® In addition, ALT is
inexpensive, accessible, widely used and to date, the most reliable and sensitive

411,412,414

serum marker available for screening******'” diagnosis and evaluation of

inflammatory liver disease.*****?

All tests have advantages and disadvantages. Aspartate aminotransferase
(AST) is found in a range of metabolically active cells and is used in some clinical
settings. It has similar benefits to ALT but is a less specific marker than ALT in liver
injury. Liver biopsy is considered the standard test for liver fibrosis; however, a
biopsy is invasive, costly and can have serious complications with poor patient

compliance which makes it ill-suited to frequent sampling.*'¢2%®

Liver biopsies can
also be inaccurate due to sampling variations.**®
ALT levels fluctuate during the day with ALT activity 45% higher in the

afternoon compared to the early morning.**

In the Hep573 Study, participant tests
were taken at the same time of day for consistency where possible. It is recognised
that men and women have differing ALT levels, with higher values in men than

compared to women.*!*

Also, ALT levels vary according to age; age produces an
inverted-U pattern that shows the significant impact on ALT levels.** Studies also
show that ALT levels can be influenced by alcohol consumption, BMI and non-

alcoholic fatty liver.**®
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Debate about the upper limit of normal (ULN) for ALT levels started in
earnest after this Study had commenced. In the Hep573 Study, the abnormal ALT
cut-offs of the reference laboratories at each of the three participating hospitals
were used, a practice employed in most multicentre and internationally conducted
clinical trials.

Kariv, et al., in 2006, suggested that the new ULN for ALT represented by
the 95" percentile of the healthy population was 37.5 U/L in contrast to the

manufacturer guidelines of 52 U/L**°

in one branded assay. In 2007, van der
Poorten, et al., studied juvenile male offenders (12-19 years) with chronic HCV
infection (N=439) and calculated the ULN (95" percentile) for ALT as 28 IU/L.**
Their study revealed that different ranges of ULN values are required for
adolescents compared to adults.**® In 2009, Ruhl, et al., employed the reference
laboratory levels that define abnormal ALT as >40 U/L for men and > 31 U/L for
women in their study. They investigated possible links between elevated ALT and
GGT levels and increased risk of mortality (all-cause and disease-specific).
However in their conclusion, they used lower ALT reference levels, i.e., >30 UJ/L for
men or >19 U/L in women to define ALT levels as abnormal.*® Puoti, et al., in
2002, divided PNAL patients with HCV into two groups based on ALT at
baseline.””* ULN ALT value was defined as 40 U/L.*** Patients with ALT less than
50% of ULN were classified as ‘low normal ALT’: mean 16 U/L, range 12-20 U/L
(N=405) and patients with ALT greater than 50% of ULN ‘high normal ALT’: mean
34 UJL, range 23-40 U/L (N=475).*** They also found no difference in the
histological activity across these two groups and concluded that the present
definition of ULN is sufficient in chronic hepatitis C to identify a homologous group
that does not require modification.***

Normal ALT and liver histology.

A discussion around normal ALT and liver histology usually involves the
term ‘persistently normal ALT (now defined in this section). Serum ALT
concentrations within the normal range on three separate occasions over a Six-
h422 d423

mont
(PNAL).*** Puoti describes two types of HCV patients with PNAL, one type with

to 12 month perio are now coined: ‘persistently normal’ ALT levels
wide fluctuations of ALT over time but for extended periods still within normal range
and true carriers with biochemistry that persistently yields normal ALT values;
however, Puoti states it is not known if disease progression is different between

418

these two groups.™ He also states that due to these potential flare-ups, the testing
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period should be extended to 18 months with ALT tested every two-three months to
establish PNAL.**® The percentage of the HCV infected population with PNAL
varies from 8-33%. %2

There is debate as to whether ALT is a true measure and predictor of
disease progression. Evidence suggests that disease progression is less likely in

425,426,153,166,414,421,423,427 than in those

patients with persistently normal ALT levels
with persistently elevated ALT levels. Puoti reveals that progression of liver disease
in patients with normal ALT still advances, but at about half the rate of patients with
elevated ALT.**®

A small (N=49) paired biopsy study of chronic hepatitis B and C patients
compared ALT levels with the annual rate of fibrosis progression.'®” The study
concluded ALT was an independent variable that correlated with liver fibrosis.*’
Fibrosis progression occurred mainly in patients with persistently elevated ALT
levels even over a relatively short period. The study also found that patients whose
median ALT levels was 270 IU/L might experience progression of liver fibrosis by
one stage within an average of four to five years of follow-up.*®’

An Italian prospective study of HCV patients with PNAL (N=691), found that
while 17% had no liver damage, 34% had minimal chronic hepatitis, 44% had mild
hepatitis, 4% had moderate to severe hepatitis, and 1% had cirrhosis.*** The
majority were females (72%) with a genotype 2 infection (52%). The predominance
of females in this cohort may account for the observed mild disease progression.***

In a comparison of data from three randomised phase Il trials of

peginterferon alfa-2a with CHC patients, Shiffman, et al.,**°

concluded patients
with PNAL had less liver disease compared to those with persistently elevated ALT.
ALT levels alone were not sufficient basis on which to decide treatment as there

426 Definitions of

was still risk of some patients developing significant liver disease.
PNAL varied slightly across the three studies. Necroinflammatory activity scores
less than five for 65% of the patients with normal ALT levels compared with 11% of
patients with raised ALT levels (P=0.01).%?® In the patients with PNAL, while 27%
had no fibrosis (FO), 64% had portal fibrosis (F1) and 10% had bridging fibrosis
(F3), while none had cirrhosis (F4). In the patients with elevated ALT, 5% had no
fibrosis (FO), 71% had portal fibrosis (F1), 24% had bridging fibrosis (F3) and none
had cirrhosis (F4).*%°

Pradat, et al., found in CHC patients with PNAL, 35% (23/66) had no fibrosis

(FO), 52% (34/66) had mild fibrosis (F1), 12% (8/66) had moderate fibrosis (F2) and
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1.5% (1/66) had cirrhosis (F4). In comparison, those with elevated ALT levels, 1%
(6/798) had no fibrosis, 24% (189/798) had mild liver disease (F1), whilst 51%
(403/798) had moderate fibrosis (F2) ,17% (136/798) had advanced fibrosis (F3)
and 8% (64/798) had cirrhosis (METAVIR).** PNAL was defined according to the
reference standard at each European laboratory participating in this study. The
above correlations between PNAL and fibrosis staging are summarised in Table 2.4
and Table 2.5 as percentages followed by elevated ALT and fibrosis staging.

Table 2.4: PNAL and fibrosis staging represented as percentages.

Study Fibrosis 0 | F1 F2 F3 F4
Pradat, et al., *** 35% 52% 12% 1.5%
N=66

Puoti, etal., ** 17% 34% 44% 4% 1%
N=691

Shiffman, etal.,, ** | 27% 64% 10% 0%
N=475

Ranges 17-35% 34-64% 12-44% 4-10% 1-1.5%

Table 2.5: Elevated ALT and fibrosis staging represented as percentages.

Study Fibrosis 0 | F1 F2 F3 F4
Pradat, et al.,”™ 1% 24% 51% 17% 8%
N=98

Shiffman, etal., *° | 5% 71% 24% 0%
N=419

Ranges 1-5% 24-71% 0-51% 17-24% 0-8%

The above Tables demonstrate those with PNAL have less hepatic fibrosis
and milder disease progression than those with persistent ALT elevation.

Ortiz, et al.,**®

recruited 114 CHC patients into a prospective study (N=97,
single biopsy, N=17 paired liver biopsies, five-year interval between liver biopsies)
to examine how obesity may affect fibrosis progression in patients with raised and

normal ALT levels.'®

The study concluded that the severity of disease and the rate
of fibrosis progression was highly related to levels of ALT, 14/53 (26.5%) patients
with significantly raised ALT levels were rapid progressors (>0.2 FU/year),
compared to 5/30 (17%) with minimally elevated ALT levels and 3/31 (10%) with
normal ALT levels (P=0.05)."° The study also concluded that obesity in HCV
infection may speed up disease progression and that weight loss may reduce
fibrosis progression.**

Ghany, et al.,**°

examined fibrosis progression in a retrospective-
prospective analysis of 123 CHC patients who opted for no treatment with two liver
biopsy specimens taken at a mean interval of about 4 years.”> Ghany, et al.,
concluded that the two independent risk factors for fibrosis progression were ALT
levels =5xULN and the degree of periportal necrosis on the initial biopsy.™ The
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upper limit of normal for ALT in their study was 42 U/L.**® The Trent HCV Study
157

Group™’ did not confirm the Ghany, et al., conclusion that ALT or several other
factors (gender, alcohol consumption, HCV genotype, steatosis and siderosis on
index-biopsy) predicted progression but confirmed that age at first biopsy and
fibrosis on first biopsy did.**’ The Trent HCV Study Group is the largest prospective
study undertaken to date with paired liver biopsies and a well characterised study

157

population.”™" The discrepancies between Ghany, et al., and the Trent study may

be related to the biopsy interval Ghany, et al., (~4 years) and Trent study (2.5
years).155'157
Ghany, et al.,**® build on their early work with analysis of the data collected
in the Hepatitis C, Antiviral, Long-term, Treatment against Cirrhosis (HALT-C)
study, a randomised, controlled trial designed to evaluate the safety and efficacy of
pegylated interferon in the treatment of chronic hepatitis patients with advanced
fibrosis or compensated cirrhosis (N=1050).**® Ghany, et al., conclude that
compared to others, the best model to predict clinical outcomes and
decompensation in severe liver disease consists of four variables: log,, AST/ALT
ratio, platelet count, total bilirubin and albumin. The model to predict histological
severity included baseline BMI, platelet count and hepatic steatosis.*?®

In a study to assess clinical predictors of fibrosis in patients with chronic
liver disease, sequential liver biopsies in 96 patients approximately four years
apart, showed that significant fibrosis at the baseline liver biopsy (Metavir 22) and
elevated liver enzymes (ALT, 111.67 £83.38, P=0.028) were independently
associated with fibrosis progression in CLD (N=72, HCV; N=12, HBV; N=12,
NAFLD).**

In a prospective study by Collier, et al., to assess and identify factors
predictive of change in CHC patients, 105 patients with paired liver-biopsy
specimens (mean interval, 41 months, range 5-183) were selected. Fourteen per
cent had persistently normal ALT levels and no fibrosis progression (P=0.038).'%°
The remaining patients had elevated ALT. 5% of the total developed worsening
fibrosis by more than two stages, compared to 43%, where no change in fibrosis
stage was found.'®® Current excessive alcohol intake (112 g per week in women
and 168 g per week in men) (P=0.037), baseline fibrosis and fibrosis at second
biopsy (P=0.01) also predicted rate of progressive fibrosis (P=0.0002); this agrees

with Ghany**® and Trent.*"%
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In the literature, there is much evidence to show that ALT is a reasonable
and convenient indicator of liver disease. Definitions of PNAL vary, as do opinions
of what the most appropriate ULN level should be. Even if patients have PNAL,
they need to be monitored; decisions about treatment should not be based on ALT
levels alone although the literature consistently shows PNAL is indicative of
reduced liver disease severity.

Fas ligand.

In chronic hepatitis-C patients, the Fas-ligand induced-death pathway
appears to be gathering momentum as an important marker of liver injury. In liver
injury that is Fas-receptor ligation-dependent there firstly occurs mitochondrial
cytochrome c release, activation of the caspase cascade, DNA fragmentation and
morphological changes that are characteristic of apoptosis followed by secondary
necrosis, with release of hepatocellular enzymes as well as inflammatory
changes.”®

There is a positive correlation between caspase activation and levels of Fas
ligand in inflammatory liver damage>** and chronic hepatitis C progression.®**
However, Fas ligand is not routinely measured as yet and additional studies are
required to confirm this association and the value of this measure in comparison to

ALT measurement.
Fibrosis and Cirrhosis Measures

The current fibrosis markers (serum and tissue) are fraught with limitations.
The histological scoring systems that include Knodell, Scheuer, Ishak and
Metavir**! are also based on inflammatory activity (grade) and fibrosis (stage).
There are a range of validated serum fibrosis measures with the Fibrotest and
Hepascore consistently scoring well in both sensitivity and specificity. Hyaluronic
acid has also achieved recognition as a worthwhile serum marker of the ECM. This
Hep573 Study chose the latter three measures of fibrosis.

A liver biopsy was not included as an outcome measure in the Hep573
Study as Ethics Committee approval would not have been granted for such a
procedure in a CM study. In addition, this requirement would have adversely
affected participation rates.

Fibrotest is the most validated marker of hepatic fibrosis and combines

serum concentrations of a2 macroglobulin, apolipoprotein A1, bilirubin, y-glutamyl
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transferase, haptoglobin,*** age and gender.**

85% and a specificity of 74% “**

A score of > 0.5 had a sensitivity of
in measuring advanced fibrosis.

Hepascore is a validated serum-fibrosis marker model comprising the
following: age, a, macroglobulin, bilirubin, y-glutamyl transferase, hyaluronic acid
and gender.****% A score of 0.5 yielded a specificity and sensitivity for significant
fibrosis of 89% and 63% respectively, whereas scores <0.5 had a 74% specificity
and 88% sensitivity for excluding advanced fibrosis.** A cut-off score of 0.84 was
was used to detect cirrhosis (F4) as it provided 71% (63.2%-79.6%) sensitivity and
84% (76.9-90.3%) specificity.**

Bourliere®® found that a cut-off point of 0.5 for 2F2 diagnosis provided a
specificity of 86% (81-90%) and a sensitivity of 63%, whereas a cut-off point of 0.84
for F4 prediction provided 88% specificity (85-91%) and 71% (57-83%) sensitivity.
He compared Hepascore with other non-invasive hepatic fibrosis markers and
found that Fibrotest and Hepascore displayed similar accuracy in the diagnosis of
significant hepatic fibrosis and fibrosis staging concordance with liver biopsy. He
also independently validated Hepascore as a fibrosis marker and concluded
additional studies on blood donor and larger populations were required before
Hepascore could routinely be used in practice. However, legitimacy was given to
the use of APRI in addition to either Hepascore or Fibrotest as, in conjunction with
APRI, as both offered more diagnostic accuracy in determining 2F2 than APRI
alone, and may minimise the need for liver biopsy.**

Schuppan suggested a correlation with fibrosis stage could be shown for
some serum markers derived from components of the extracellular matrix. A
correlation with fibrosis stage on histology was demonstrated for hyaluronic acid,
TIMP-1, the amino terminal propeptide of pro-collagen Il (PIlIP), collagen, laminin

and their combinations.®’

Hyaluronic acid (HA) is produced by the stellate cells
(HSC) within the liver and serum levels are found to be low in the normal liver.>*’
Hyaluranon also reflects a compromised sinusoidal-endothelial function.
Schuppan®’ reported that the serum marker hyaluronic acid on its own
demonstrated 80% specificity>'’ for excluding significant fibrosis.

McHutchinson, et al.,”*® found that a serum hyaluronic acid concentration of
<60 ug/L was an accurate measure to exclude the presence of cirrhosis or
significant fibrosis in chronic hepatitis C patients, having a predictive value of 99%
and 93% respectively. Significantly higher serum HA values (382+31) were found in

CHC patients with cirrhosis compared with non-cirrhotic patients (110+9 ug/L)
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(P<0.001). Similarly, significantly higher mean serum HA values (179+11ug/L) were
found in patients with fibrosis compared to patients without fibrosis (62+20 ug/L)
(P<0.001).

SILYMARIN IN LIVER DISEASE INCLUDING CHRONIC HEPATITIS C

The medicinal plant, Silybum marianum (milk thistle, also known as St Mary’s
thistle) has been used for centuries for the treatment of a long list of liver
diseases,*” and recently in chronic hepatitis C populations to suppress HCV RNA
replication.*3%43%44°

A typical milk thistle extract made from the crushed seeds, contains
silymarin and fatty acids, e.g., linoleic acid. Silymarin is a complex of at least seven

#41.442 and a bioflavonoid quercetin.*** In both

flavonolignans, one flavonoid taxifolin
the European Pharmacopoeia and the World Health Organization International
Non-Proprietary Names of Pharmaceutical Substances, these flavonolignans are
called silibinin A, silibinin B, isosilibinin A, isosilibinin B, silichristin, isosilichristin
and silidianin.*******% The US Pharmacopoeia uses the following terms
respectively: silybin A, silybin B, isosilybin A, isosilybin B, silychristin, isosilychristin

and silydianin.***

(Silibinin rather than silybin will be the preferred term used here.)

The most biologically active of the above flavonolignans are silibinin A and
B, which are 1:1 diastereoisomers of silibinin.****** The current literature is mainly
based on milk-thistle products which have been standardised to contain 65-80% of
the flavonolignans and 20-35% fatty acids.***

Purified silibinin has been used historically to treat death-cap mushroom
(Amanita phalloides) poisoning. According to a study by Hruby (at the poison
information centre, in Vienna, Austria), if silibinin is administered within 48 hours of
poisoning, only mild to moderate liver injury would be expected (N=18).**> Severe
liver damage, coagulation disorders and coma are likely to occur after 48 hours if
left untreated. Four divided doses of silibinin were administered intravenously, each
dose consisting of 20-50 mg/kg body weight/day; the dose varied on the severity of
intoxication.**°

Silymarin protects against the Amanita phalloides toxins, a-amanita and
phalloidin, by inhibiting the toxins binding to cell receptors as well as their uptake
and interaction with cell components. Silymarin prevents a-amanita binding with

nuclear receptors which can inhibit protein synthesis and therefore prevent cell
57



446,446

repair. As silymarin reduces the uptake of toxins into cells, the earlier it is

administered after exposure, the better the outcome for liver injury and death.

Pharmacological Actions of Silymarin

447,448,449,450,437, 451,19,452,

Silymarin has confirmed antioxidant antifibrotic anti-

454,455,446

inflammatory,**"#424%3°! hepatoprotective, anti-hypercholesterolaemic,*®

anti-hyperglycaemic**®, immunomodulatory*® and antiviral***4>"4384%3

pharmacological actions in vitro, in vivo and in human studies.
Silymarin Has Direct Anti-HCV Activity (in vitro)

Studies discussed below have confirmed the antiviral action of silymarin in
vitro.****°%%%% Ty main hypotheses explored to explain this effect are: (1) improved
cellular response and (2) inhibition of viral function.

In 2007 Polyak, et al., demonstrated a dose-dependent, improved cellular
response to HCV infection with silymarin (proprietary extract MK-001) through
antiviral, immunomodulatory and anti-inflammatory actions.**® MK-001 has a high
concentration of standardised silymarin at 92%.**

The study with MK-001 demonstrated inhibition of an established JFH-1
(genotype 2a) infection in Huh7.5.1 cells in vitro over 72-hours (MK-001, 10-20
pHg/mL), as well as prophylactic protection over 48 hours (MK-001, 20 pg/mL). MK-
001 at concentrations of 20 pg/mL had a similar antiviral potency to IFN-a (100
U/mL) in Huh7 and Huh7.5.1 cells.**

Polyak, et al., investigated the possible antiviral mechanisms of MK-001 and
demonstrated enhanced JAK-STAT signalling and the induction of IFN-a in Huh7
and Huh7.5.1 cells infected with JFH-1 (MK-001, 20 pg/mL).*® They investigated
further, and demonstrated that silymarin (MK-001, 20 pg/mL) and IFN-a (500 U/mL)
together had a greater effect on the phosphorylation of STAT1 and STATZ2 than
IFN-a alone.**
(MK-001, 20 pg/mL) and IFN-a (0,1,10,100 U/mL) together had a greater effect on

the inhibition of HCV replication than alone.***

This synergism was confirmed in an experiment where silymarin

Polyak, et al., discuss the possible mechanisms for the up regulation of IFN-
a, including changes to cell membranes, changes to IFN-a receptors, or

interference with the negative regulation of the JAK-STAT pathway.**®

Experiments
with fractions of MK-001 identified that only one fraction directly induced STATZ;
therefore, Polyak, et al., suggest that the effect of MK-001 on IFN-a is more likely

due to other antiviral mechanisms than silymarin’s ability to directly affect the JAK-
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STAT pathways.*® HCV core protein is a negative regulator of IFN-a pathway. It is
possible the synergistic action observed in vitro and in vivo when IFN is combined
with silymarin is due to the ability of silymarin to reduce viral replication and
therefore reduce the negative regulators of the IFN pathway. **°

Bonifaz, et al.,**® investigated this further than Polyak, et al.,*** and
demonstrated that silymarin does not directly affect the JAK-STAT pathway by
comparing STAT1 levels in non infected, CNS3 and 9-13 cell lines, with silymarin,
IFN and a control.******Bonifaz, et al., interestingly achieved different antiviral effect
with different cell lines, which may also explain the different STAT1 result to those
of Polyak et al.*®®. In CNS3 cells, silymarin significantly down regulated HCV core
MRNA (20%-36%) and protein (30%-60%). However in 9-13 cells, silymarin did not
reduce the expression of HCV NS5A mRNA or protein.**®

Polyak, et al., also demonstrated silymarin’s anti-inflammatory effects via
the inhibition of TNF-a induced NF-kB and CXCL-8 in Huh7 cells and the inhibition
of TNF-a in peripheral blood mononuclear cells (PBMC). They suggest because
NF-kB is redox sensitive, silymarin achieves this anti-inflammatory effect via its
antioxidant activity.**

Bonifaz, et al., demonstrated potential, dose-dependent, antioxidant effects
via increases in haem oxygenase-1 mRNA (HO-1), (60%-400%, at 100 um and 200
pm) in Huh-7, CNS3 and 9-13 cells. HO-1 is an endogenous anti-oxidant and HCV
infection is linked with increased OS. Possible mechanisms for the up regulation of
HO-1 are via nuclear factor erythroid-2-related factor2 (Nrf2) and BTB and CNC
homology 1 (BACH1), DNA binding proteins which activate Antioxidant Response
Elements (ARE). However, they found that Nrf2 and BACH1 mRNA levels did not
correlate with increased HO-1 mRNA.*?

Polyak, et al., in a later study, demonstrated OS post infection and showed
that different proprietary extracts of silymarin (MK-001, USP and Legalon), eight
silymarin pure compounds and IFN all reduced OS in a Huh7.5.1 and JFH-1
replicon model. They suggest the antioxidant affects are achieved via antiviral as
well as by direct antioxidant function.”*?

Wagoner, et al., demonstrated improved cellular response in various
hepatitis C virus cultures (HCVcc) and pseudo particle assays (HCVpp). This
showed that although silymarin did not prevent virus binding (40 uM), it inhibited
virus entry (40 uM), fusion with liposomes (IC50 5 pM), HCV RNA and protein

synthesis (40 uM), and reduced virus transmission (40 pM).**®
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Their study also investigated the inhibition of viral function and although
some inhibition of viral function was shown, it was at levels five to 10 times higher
than those required for anti-HCVcc effects.”® Silymarin inhibited JFH-1, NS5B
RNA-dependent RNA polymerase (RdRp) activity in vitro (IC50 300 uM) though
silibinin had minimal effects (IC50>400 pM).**° Silymarin tested on the RdRp from
genotype 1b BK and four patient-derived 1b genotypes were poorly inhibited (IC50
27.7 uM to 162 pM). **°

Silymarin did not inhibit viral activity of replicon lines which did not produce
infectious virus.*® This lack of antiviral activity and the weak interference with viral
function suggests the main antiviral activity of silymarin in the HCVcc system was
through improved cellular response rather than inhibition of viral function. Possible
mechanisms include the inhibition of virus entry due to the stabilisation of cell
membranes and the inhibition of virus transmission because of alterations to lipid
metabolism and transport mechanisms.**°

In cells, HCV accumulates at lipid droplets and the virus may use
apolipoprotein assembly and secretion to ‘hitch a ride’ out of the cell. *>%*®°
Wagoner, et al., demonstrated that silymarin inhibited microsomal triglyceride
transfer protein (MTP) dependent production of apolipoprotein B (apoB) in a dose-
dependent manner with a corresponding decrease in all virus transmission,
including direct cell to cell.***

Ahmed-Belkacem, et al., conducted experiments in vitro, to demonstrate
which of the principal isomers of silymarin inhibit HCV replication and to explore the
mechanisms of inhibition. This is particularly relevant work in light of new drugs
which target HCV enzyme function, particularly inhibitors of NS3/4A serine
protease and HCV RdRp polymerase.**

Their study showed that silibinin A and silibinin B inhibited JFH1 (genotype
2a) replication in Huh7 cells (EC50s 20-40 um), HCV genotype 1b Replicon
replication in Huh7 cells (EC50s, 1um) and HCV RdRp (IC50s 75-100 um) in a
dose-dependent manner. Isosilibinin A and isosilibinin B were effective in inhibiting
HCV genotype 1b Replicon replication in Huh7 cells but two to three times less
potent in inhibiting HCV RdRp than silibinin. Silichristin and silidianin had no effect
in any of the models. Silymarin isomers had no effect on HCV NS3/4A protease.***

These four studies confirmed the antiviral effects of silymarin in vitro. The
reduction in cell replication was achieved at much lower doses of silymarin than the

inhibition of viral function. This suggests silymarin acts by improving the host
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response to infection rather than interfering with viral function, through antioxidant,
anti inflammatory and immunomodulatory actions, affecting membrane stability,

lipid metabolism and cell signalling pathways.****>34>?

Silymarin Has Direct Anti-HCV Activity (Intravenously)

Ferenci, et al., treated patients who had failed to respond to pegylated
interferon and ribavirin with increasing doses of intravenous silibinin
(Legalon,SIL;Madaus).”® A dose-dependent reduction of HCV RNA was achieved.
Patients were given 15 or 20 mg/kg/day IV silibinin for 14 days, and 280 mg oral
silymarin three times per day combined with pegylated interferon and ribavirin
therapy from Day eight. At Week 12, 7/14 patients who had been previously
classed as non responders, had undetectable HCV RNA.**®

Although there was no control group and the numbers were small, this was
the first time in the literature that silibinin (intravenously) had shown a direct anti-
HCV activity in chronic hepatitis C patients.**® It identifies a new pharmacological
action for silibinin in humans and provides useful information about effective doses
of intravenous silibinin and oral silymarin. Clinically, it is significant because adding
pegylated interferon and ribavirin to intravenous silibinin showed greater efficacy
than silibinin or pegylated interferon and ribavirin alone. Patients with both
genotypes were involved in the trial but no information was provided on the
genotype of those with undetectable HCV RNA at Week 12.

The recent use of intravenous silibinin at a dose of 1400 mg daily for 14
days prevented HCV RNA reinfection after orthotopic liver transplantation.*’

Neumann and colleagues®’

started silibinin infusions eight hours after orthotopic
liver transplantation, when HCV RNA levels measured 182 IU/mL and after three
days HCV RNA became undetectable (<15 IU/mL) and remained so 168 days later.
No data were provided past 168 days. This 1400 mg intravenous silibinin dose
equated to 20 mg/kg and was based on the original study by Ferenci, et al.,**® who
used intravenous silibinin in chronic hepatitis C patients. This clinical case supports

the use of silymarin as an antiviral in the treatment of hepatitis C.
Previous Silymarin Dosing Regimens in Alcoholic Liver Disease

Bunout used oral silymarin at varying doses from 280 mg/day for 15 months
in a randomised, controlled study of 70 patients with alcoholic liver disease.*®*
Trinchet used 420 mg/day for three months in a randomised double-blind trial of 58

462

patients with histologically proven alcoholic hepatitis. ™ Pares used 450 mg/day
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(sourced by Madaus) for two years in a randomised, double-blind study of 200

463

alcoholic patients with liver cirrhosis. ™ Results for these studies showed no

clinically relevant effect.

461

The studies had several limitations, the dose used by Bunout™" was low

and the duration of the Trinchet*®?

study was short. In the study by Pares,*®®
although other aetiologies for liver cirrhosis were excluded, the patients were not
tested for HCV until after the trial. After the trial, 75 patients were tested for HCV
and 39% tested positive. According to Hawke, et al.,*** liver damage, especially in
chronic inflammation may affect the bioavailability of the different components of
silymarin and therefore the efficacy. A reduction in the absorption of silymarin
correlated with increased plasma levels of caspase indicative of increased
inflammation.*®*44®

Silymarin achieved clinically relevant and significant results in the following
studies. Ferenci, in a randomised, controlled study used 420 mg/day for two years
and significantly reduced mortality in those with alcoholic cirrhosis (P=0.01).**°
Feher used 420 mg/day for six months in a double blind, clinical trial and showed it
to be effective in alcoholic liver disease (normalisation of bilirubin, ALT, AST,

histological improvement).*®

Velussi used 600 mg/day for 12 months in a
randomised, open, controlled study with diabetic patients with cirrhosis and
significantly reduced malondiadehyde, ALT, AST, fasting and mean glucose levels
(HbA1c) (P<0.01).*° These last three studies successfully demonstrated the
effectiveness of silymarin in cirrhosis and alcoholic liver disease and used silymarin
marketed under the brand name Legalon (provided by Madaus).

In the randomised, controlled trial in patients with cirrhosis by Ferenci and
colleagues (mentioned above), 87 patients with cirrhosis (alcoholic, N=46, non-

446

alcoholic, N=41) took 420 mg silymarin daily for two years.”™ Unlike Pares, Ferenci

identified the aetiology of the liver cirrhosis.*®*44°

A similar group of 83 patients with
cirrhosis (alcoholic, N=45, non-alcoholic, N=38), were given a placebo preparation
for the same period. The four-year survival rate in the silymarin-treated group was
58% compared to 39% in the control group (P=0.036).*

The analysis showed silymarin was more effective among alcoholic
cirrhotics (P=0.01) than non alcoholic cirrhotics and particularly in alcoholic
cirrhotics with Child’s Class A (P= 0.03). This suggested silymarin is particularly

protective against the toxic effects of alcohol on the liver and that early treatment is
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effective.**

The research by Ferenci was methodologically sound and one of the
early reports of the efficacy of silymarin in chronic alcohol induced liver disease.**®

Saller reviewed 36 papers and concluded the available evidence suggested
that silymarin may have a role in the treatment of liver cirrhosis, especially alcoholic
cirrhosis. In five trials with a total of 602 patients with liver cirrhosis a significant but
modest (7%) reduction of liver-related mortality (not corrected for study duration)
was achieved on silymarin.*®® These findings were confirmed in a recent meta-
analysis by him.*®’

446,450,461,462,463,465

All these studies provide mixed results. However, they

indicate that the higher the dose, the sooner administered and the longer the study,

the more likely a protective effect is found. This, and the reviews by Saller,*®4%

are
of significance to individuals with heavy alcohol use, as high levels of long-term
dosing of silymarin may prolong survival in cirrhotics.

Cytochrome P450 2E1 (CYP2EL) is a phase | enzyme in the liver and is the
major hepatic alcohol metabolising enzyme. There are differences of opinion as to
whether silymarin inhibits phase | detoxification or not. Inhibiting phase | could
protect against alcohol and toxins such as A. Phalloides as phase | activates
certain toxins. Alternatively, silymarin may protect against these bioactivated toxins

468
L.,

through its broad antioxidant capabilities. Dixit, et a suggests that silymarin

enhances liver detoxification via the inhibition of phase | detoxification.

Song, et al.,*®*

investigated the effects and mechanisms of action of
silymarin in rats with ethanol-induced liver disease. Silymarin demonstrated a wide
range of hepatoprotective actions. It also reduced inflammation via the inhibition of
TNF-q, reduced oxidative stress by maintaining glutathione levels, prevented an
increase in ALT levels, reduced the level of microvesicular steatosis, prevented
necrosis and reduced triglyceride accumulation in the liver. They also demonstrated

this effect was not due to modulation of enzyme CYP2E1 and phase 1.**°

Miguez,
et al.,*’® agree that silymarin reduces alcohol toxicity, associated lipid peroxidation

and GSH depletion (0.01-0.5 mM), but not via cytochrome CYP2EL.
Oral Silymarin in Chronic Hepatitis C

Huber performed a retrospective, observational study using a standardised

silymarin extract (Legalon) in 40 hepatitis C patients with HCV genotype 1 who

were ineligible for antiviral therapy.**

The patients were dosed in three groups,
group 1 at the recommended dose of 420 mg silymarin day (N=13), group 2 at 840

mg/day (N=20) and group 3 at 1260 mg/day (N=7). The mean duration of silymarin
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treatment was 12578 days. If there was no reduction of ALT level after three
months, the treatment was stopped. The silymarin doses had no significant impact
on any of the biochemical markers of liver inflammation compared to baseline.
While this study is valuable in terms of providing information about dosage and
adverse events, the robustness of any conclusion based on the results is
weakened because of the limitations of the study design (no randomisation, no
control group, no double-blinding of patients, short duration and small numbers)
and by the fact that biochemical markers of liver inflammation were the only
outcome measures used in this study.*"*

Huber’s study used doses that were two and three times higher than the
recommended daily dose of silymarin in order to discount inadequate dosing as an

471

explanation for the lack of efficacy of silymarin in viral hepatitis.”"~ Hawke has since

demonstrated that even at 700 mg three times per day, oral dosing may not be
sufficient to exert an antiviral effect.*®

A further randomised, double-blind, placebo-controlled, crossover pilot study
using a different standardised extract of silymarin (Indena, 80% silymarin
flavonolignans) found that Silybum marianum at similar doses as the Huber study
(600 mg and 1200 mg silymarin per day for 12 weeks) had no effect on ALT levels,
quality of life, or HCV RNA amongst 24 individuals with chronic HCV infection.*"
While this was a well-designed study, the short duration of therapy of 12 weeks and
small population (only 17 completed) may explain the failure to observe a benefit in
chronic HCV infection. The conclusion of the pilot study was the suggestion that in
the future, clinical studies of S. marianum in CHC should combine S.marianum with
other herbal therapies in order to identify clinical and laboratory indicators that are
appropriate and reliable in this condition.

The Hepatitis C, Antiviral, Long-term, Treatment against Cirrhosis (HALT-C)
trial was a randomised, controlled trial designed to evaluate the safety and efficacy
of pegylated interferon in the treatment of chronic hepatitis patients. Of the 1145
patients enrolled, 1050 patients were randomised, all of whom had failed to
respond to previous interferon therapy.*”***® The aim of the HALT-C Trial was to
determine if prolonged interferon therapy changed histological and clinical
outcomes for patients who had failed to clear the hepatitis C virus after previous
interferon treatment.*’®**°
Seeff reported that among 1145 HALT-C study participants, 56% had never

taken herbal medicines, 21% admitted past use and 23% were using herbs at
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enrolment.**°

Silymarin constituted 72% of the 60 herbal medicines used at
enrolment. Sixty-seven per cent of the participants had never used silymarin, 16%
had used it previously and 17% used it at the beginning of the study.’*® He did not
find any statistical difference in the biochemical markers (liver inflammation) and
virological markers (HCV RNA) between those using silymarin or not (non silymarin
users). However silymarin users reported fewer symptoms and slightly better
guality-of-life scores. Use and dosing of silymarin in HALT-C was self-directed and
not controlled by the researchers. Seeff reported that the low efficacy of silymarin in
viral hepatitis studies may be due to the lack of standardisation, inadequate dosing
and patients who were non responders to standard therapy, consequently difficult
to cure.™*?

Freedman reported on the HALT-C trial that the continuous use of silymarin
for about 3.5 years was associated with less disease progression from fibrosis to
cirrhosis but had no statistically significant impact on clinical outcomes.*”® The
silymarin users had significantly less collagen in their baseline liver biopsies. He
hypothesised that silymarin efficacy is increased if used early in the disease
progression process.*”®

In a randomised study by El-Zayadi, et al.,”* designed to find cost-effective
alternatives to IFN treatment, 170 chronic hepatitis patients were randomly
assigned to receive 600-800 mg ribavirin, amantadine 200 mg and ursodeoxycholic
acid (UDCA) 500 mg daily or silymarin 450 mg/day for 24 weeks.>* ALT
normalisation at the end of treatment was 58.5% for the ribavirin-based therapy
compared to 15.3% in the silymarin group (P<0.001).>* Although silymarin was less
effective than a novel combination of oral agents for HCV treatment, silymarin
achieved ALT normalisation of 15% and is an affordable alternative to IFN with
limited side effects. The randomised trial design and study duration of 24 weeks are
strengths of this study.* The study was limited by failing to document the process
of random allocation and did not include an intention-to-treat analysis.>*

In essence, the study by Huber was of short duration and poor design,*"*
while Gordon’s study was a good quality study but of short duration and involved

472

only a small population.”"“ The primary purpose of the HALT-C study was to

evaluate the efficacy and safety of long-term pegylated interferon, not the efficacy

of silymarin.*"3!*°

The HALT-C study produced some interesting results which
highlight the need for long-term, standardised dosing. All these studies were of

short duration and in some, non-standardised silymarin or low doses were used.
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These were issues the Hep573 Study sought to address with a RDBPCT, a
standardised high oral dose of silibinin and longer study duration (24 weeks rather
than four to 12 weeks). El Zayadi explored alternatives to interferon and assessed
the cost effectiveness of silymarin and these drug alternatives on SVR and ALT
normalisation.”* The Hep573 Study also explored silymarin as an alternative
treatment in some chronic hepatitis C patients and used ALT normalisation as an
outcome measure. Freedman’s suggestion that silymarin used early on in the
disease process, increases efficacy is interesting since studies on
pharmacokinetics suggest the bioavailability of silymarin is significantly reduced in
chronic inflammatory disease.****”® This information could inform future treatment

protocols.
Silymarin and Pharmacokinetics

The optimal dosage of silymarin has been controversial and
pharmacokinetic studies are an attempt to provide clarity on this issue. Two recent

studies have sought to define optimal dosing regimens. **%*

Hawke, et al.,***

clearly demonstrated through their oral silymarin dose
acceleration and pharmacokinetic study, that the low bioavailability associated with
usual doses of silymarin may be remedied with silymarin doses above 700 mg
three times per day. In 32 CHC patients, all previous non responders to interferon-
based therapies, the only flavonolignans detected in the plasma at silymarin doses
from 140 mg to 560 mg were silibinin A and silibinin B. In contrast, six silymarin
flavonolignans were detected in the plasma when a 700 mg silymarin dose was
administered.

Hawke, et al., also showed that oral doses up to 2100 mg oral silymarin

were non toxic.*%*

However at the oral dose of 700 mg silymarin three times per
day, a steady-state peak plasma concentration of silibinin A and silibinin B was still
one to two orders of magnitude lower than the concentrations demonstrated to
inhibit HCV viral replication in vitro; the trough concentrations of silymarin were
approximately 25 times below the peak concentrations.***

A reduction in bioavailabilty with oral silymarin was correlated with caspase

levels as a measure of liver inflammation.*®*

Loguercio, et al., suggests that liver
damage, especially chronic inflammation may affect the bioavailability of silymarin,
explaining low efficacy in patients with chronic hepatitis C.**® This supports the

results and comments from the HALT-C trial,*”® Ferenci’s study**® and A.
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Phalloides poisoning;**® that early administration of silymarin will improve efficacy

through hepatoprotection and greater bioavailability.
The reported clinical case by Neumann, et al., describing the effective use
of intravenous silibinin in post orthotopic liver transplantation helps confirm that

silibinin can achieve remarkable antiviral results in patients.*’

Silymarin Summary

Research prior to Ferenci, et al.,”*® consistently showed Silybum marianum
had no effect on HCV RNA in chronic hepatitis C patients. However, in vitro and
intravenous studies on silymarin and/or purified silibinin showed a direct anti-HCV
activity. Oral dosages of 420 mg/day demonstrated therapeutic benefit with good
tolerance if used to treat alcoholic cirrhosis and to reduce liver inflammation
(ALT).*”* Oral dosages of 700 mg are required for six flavonolignans to be detected
in plasma as opposed to only two flavolignans at doses of less than 560 mg in CHC
patients.***

In the literature, the studies show the dose, preparation of silymarin
administered, duration of treatment, patient’s diagnosed condition and any
comorbidities, the stage in the disease process as indicated by inflammation,**® the
genotype of the virus,*”* and the in vitro replicon model ****°*%%%4%8 g]| influence the
effectiveness of silymarin as a treatment in liver disease. In summary:

(1) to impact hepatic necroinflammation: 450 mg/day silymarin for 12 months
achieved ALT normalisation in 15% of the CHC patients in a randomised
study®";

(2) to improve liver histology: 420 mg/day silymarin for 41 months (mean) is
effective in alcoholic cirrhosis (Child-Pugh A, 5-7)*¢4°>;

(3) to elicit antioxidant effects: 600 mg/day silymarin for 12 months reduced
malondialdehyde in diabetic cirrhotics**°; and

(4) to elicit direct anti-HCV activity: 1400 mg/day intravenous silibinin for 14

days is required.*3343%4%"-

Therefore, the 720 mg/day silymarin (calculated as silibinin) administered in
the Hep573 Study to examine the effects of antioxidants on hepatic
necroinflammation, OS and hepatic fibrosis in CHC patients was sufficient to
examine the testing hypothesis. The Hep573 Study silymarin dose was applied at
the upper end of the dose range shown to have some effect on ALT levels (240-

800 mg silymarin, circa 2003) and confirmed by the data reported above.
67



The emerging application of intravenous silibinin (1400 mg/day) to
significantly reduce HCV replication**® means that the dose used in the Hep573
Study was unlikely to be sufficient for a direct anti-HCV effect.

CLINICAL TRIALS USING ANTIOXIDANTS

In this Study the implication of OS in hepatitis C disease progression
provided the rationale for the use of antioxidants in CHC patients. Firstly, it is
necessary to address some of the controversies that have arisen from the use of
antioxidants in diseases other than hepatitis C before reviewing the literature on

hepatitis C specifically.
Antioxidant Therapy in Conditions Other than HCV

There is controversy over the use of antioxidants and whether they are
beneficial or harmful to health. It is known the creation of free radicals is a normal
physiological process; however, excess free radicals can drive pathological
processes, and it is this delicate homeostasis that is the key to the controversy.

Some of the major studies that have contributed to this controversy will now
be examined placing particular emphasis on the type of antioxidant and dose
administered and health status of the individual, which are considered key
components in this debate.

Pro-oxidative stress can happen when antioxidants involved in a redox

227 475,476

reaction become unstable oxidants themselves.”" Antioxidant-induced stress
is the suppression of physiological levels of oxidative stress that are essential to
certain biochemical pathways.

The effects of OS and antioxidants are dose dependent. H,O, on Jurkat T-
cells, 0.7 uM resulted in cell proliferation, 1.0-1.3 uM resulted in apoptosis and >3

UM resulted in necrosis.*’’

Beta-carotene protected DNA from damage at 1-3 uM
but oxidised DNA at 4-10 pM.*’ Poljsak. et al.,*’® also state the body maintains
antioxidant homoeostasis and that exogenous antioxidants may suppress
endogenous antioxidant systems and a change in one antioxidant will result in a
compensatory change in another resulting in no change in the cells antioxidant
potential.*®4®

A synergistic network of interacting antioxidants is required to prevent the

477,475,479

creation of pro-oxidants (Figure 2.7). The higher the redox potential of the
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antioxidant, the more reactive the antioxidant may become. The redox potentials in
volts (V) of some antioxidants are: 0.65 V for beta-carotene, 0.50 V for Vitamin E,
0.25-0.50 V for flavonoids, 0.25 V for uric acid and 0.01 V for Vitamin C. *"’

Also some antioxidants become pro-oxidants in the presence of transition

284

metals.”" Ascorbic acid becomes an ascorbyl radical, and retinals and carotenoids

become radicals in the presence of oxygen and ferrous iron.*’"18%47
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Fig. 2. The antioxidant network showing the interaction among vitamin E, vitamin C and thiol redox cycles.
PUFA, polyunsaturated fatty acids; GSH, glutathione; TRX, thioredoxin; TRX°%, TRXd, oxidised and
reduced forms of TRX respectively. * Thiol transferase (glutaredoxin), GSH-dependent dehydroascorbate
reductase, protein disulfide isomerase, TRX reductase. (From Packet et al. 2001.)

Figure 2.7: The antioxidant network.
(Reprinted by permission Am J Clin Nutr*”® (2001;131:369S-373S),
American Society for Nutrition.)

There is agreement that dietary levels of natural antioxidants are beneficial
to health. 8081482483484 Ehiqemiological studies have specifically identified that
plasma levels of beta-carotene and a diet containing foods rich in beta-carotene are

485 This led to a series

linked with a reduced risk of lung and certain types of cancer.
of studies to evaluate supplementing the diet with beta-carotene which showed that
more is not necessarily better, and highlighted the need to supplement at the
appropriate dose with multiple synergistic natural antioxidants.

One of the largest systematic reviews and meta-analyses of the use of
antioxidants concludes that: ‘“Treatment with beta-carotene, vitamin A, and vitamin
E may increase mortality’.*** The findings of that particular review are not

particularly relevant to the use of a broad range of natural, phytochemical-based,
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antioxidants in the Hep573 Study because all the antioxidants in the studies were
synthetic, and in 38 of the 68 trials, antioxidants were given singly.*®
Vitamin E consists of multiple natural isoforms which are R,R,R

stereoisomers, whereas synthetic tocopherols are R or S racemic stereoisomers.*®

487 Tests in

These sterioisomers are not bioequivalent, or therapeutically equivalent.
rats showed highly different biological activities for different steriosomers.*® It is
suggested that synthetic antioxidants behave differently from natural ones, in that
they do not interact with other antioxidants and endogenous antioxidant systems in
the same way, becoming pro-oxidants and forming toxic metabolites.**’

The Alpha-Tocopherol, Beta-carotene Cancer Prevention Study (ATBC),**
assessed the effect of supplements on the incidence of lung and other cancers.
Participants were randomly assigned to four groups: (1) alpha-tocopherol 50 mg;
(2) beta-carotene 20 mg; (3) alpha-tocopherol 50 mg plus beta-carotene 20 mg; or
(4) placebo. The study agents were synthetic dl-a-tocopheryl acetate and synthetic
beta-carotene.*® Participants who received beta-carotene had an 18% (95% Cl,
3%-36%) higher incidence of lung cancer and 8% (95% ClI, 1%-16%) and higher
total mortality. There was no increase among the group receiving alpha tocopherol
alone, or alpha tocopherol combined with beta-carotene. Further analyses showed
the adverse effects of supplemental beta-carotene in the ATBC study may be
associated with heavy smoking and high alcohol intake.*?****

Similar results were obtained in the Beta-carotene and Retinol Efficacy Trial
(CARET).**%%%3 The group receiving beta-carotene and high dose retinol
supplementation had a 28% (95% CI, 4%-57%) higher lung cancer incidence and
17% (95% ClI, 3%-33%) higher total mortality compared with those who received

9 Again, there were associations of the increased lung cancer

the placebo.

incidence with the highest quartile of alcohol intake and with large-cell histology.*®
The results of the ATBC Study and CARET suggest that beta-carotene

hastens the progression of lung cancer in a highly oxidative environment when

494

abnormal cells and/or latent tumors are already present.”™" Poljsak, et al., suggest

antioxidants may increase the survival of altered cells and their proliferation as
seen in the CARET, ATBC trials and studies with epithelial cell malignancy.*’®4%°
Smoking decreases plasma levels of beta-carotene, ascorbic acid *'"*°® and
alpha tocopherol,** which is important for the recycling of antioxidants and
preventing the formation of pro-oxidants. Beta-carotene can produce highly

reactive, pro-oxidant, carotenoid cleavage or breakdown products (CCPs or CBPS)
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in the lungs of smokers, 494497.498

A series of experiments on ferrets’ lung tissue
exposed to cigarette smoke, demonstrated low dose beta-carotene was more
protective than single high dose beta-carotene*® and that beta-carotene should be
given with other antioxidants. Alpha tocopherol and ascorbic acid improved the
retinoic acid content in the lungs,’® and were synergistic in preventing oxidative
cleavage of beta-carotene.**

Studies on rats between 2002*** and 2009**® showed that in highly oxidative
environments such as in the lungs of smokers, in people with asbestosis and in
tissue proximal to active white blood cells, beta-carotene is oxidised into CBPs.*%®
These CBPs were found to inhibit mitochondrial respiration in the rat lung, brain
and liver,”’ to stimulate apoptosis in neutrophils,**” oxidise DNA**® and upregulate

501

advanced glycation endproducts.”™ CBPs also decreased glutathione and elevated

malondialdehyde (MDA).**® The 2009 study concluded complementary antioxidants
could reduce mitochondrion toxicity.**®

In contrast to the adverse results experienced in the CARET and the ATBC
studies, the Nutrition Intervention Trial conducted in Linxian, China,*** found a 21%
(95% confidence interval [Cl], 1%-36%) drop in stomach cancer mortality and a
13% (95% ClI, 0%-25%) reduction in total cancer mortality after receiving a
combination of vitamin E, beta-carotene and selenium over five years.>* The major
differences in this trial were that a combination of antioxidants was given to
participants suspected of having chronic nutrient deficiencies.>*

There is significant evidence from published studies that dietary

480-482

antioxidants are not only beneficial to health but also show conclusively that

large doses of single synthetic antioxidants are damaging to health especially in

conditions of high oxidative stress,*’0477:490:491:493:494,497.498,503

The literature also found that certain levels of OS are necessary for

475

physiological processes but excess OS drives pathology.™ > Therefore in chronic

pathology with high oxidative stress, a broad range of natural antioxidants is

recommended.477'495'504'505

Poljsak, et al.,*"®

suggest that effective antioxidant treatment reduces the
damage caused by OS because it prevents free radicals forming in the first place
without disrupting the integrated antioxidant systems.’® One of the main targets for
this action is the stabilisation of mitochondria.

Although some phytochemicals at high concentrations can scavenge free

radicals, in lower, dietary amounts phytochemicals may activate adaptive cellular
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stress response pathways which can improve stress tolerance and life
expectancy.?*

In 1956, Harman hypothesised that the metabolic rate was related to the
production of ROS, and consequently calorie restriction (CR) resulted in reduced
metabolism and reduced ROS and therefore reduced cellular damage. This theory

04 However, it has

became known as the Free Radical Theory of Aging (FRTA).
been found CR increases the metabolic rate as measured by oxygen consumption
and heat generation. Only glucose can be metabolised anaerobically, by glycolysis
outside the mitochondria without the production of ROS. Therefore in CR, as
mitochondrial respiration increases so does the production of ROS. Increased ROS
is the mechanism which upregulates adaptive responses in CR, exercise and
impaired glucose metabolism. This results in a net reduction in ROS due to the
stimulation of antioxidant defences and detoxification.”® This adaptation or
preconditioning of the mitochondria has been named mitochondrial hormesis or
mitohormesis.>*>****’" Mitochondrial hormesis may delay aging and age-related
diseases.”® In studies with nematodes, restricting dietary glucose resulted in
increased life span.>®” Supplemental antioxidants reduced the OS and negated the
extension of life span.®®’

Similar to the preconditioning effect of exercise and glucose restriction, Son,
et al., postulate low doses of phytochemicals act as toxins which increase the cells
adaptive response to stress.”* These hormetic pathways, activated by
phytochemicals, include the sirtuin-FOXO pathway, the NF-kappaB pathway and
the Nrf-2/ARE pathway.”** Surh>® terms this exogenous form of hormesis,
xenohormesis.*>*>%

The literature suggests that antioxidants are only beneficial when the body’s
antioxidant systems are depleted.’**°°® In healthy people with adequate nutrition,
supplemental antioxidants may reduce the benefit of preconditioning in exercise,
and CR may not increase cellular levels of antioxidants as the body’s antioxidant
homeostatic mechanisms will merely compensate. Phytochemical-based
antioxidants may provide a preconditioning, protective effect by being mildly toxic.
The generation of reactive oxygen and nitrogen species and antioxidants are
hormetic and in small doses they promote health and longevity but in larger doses
may be damaging. **

The relevance of this section goes to the heart of the Hep573 antioxidant

interventions, which are a broad range of non-synthetic, predominantly
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phytochemical antioxidants, in doses that support adaptive antioxidant defences
rather than generating a pro-oxidant effect. It shows the importance of monitoring
both tobacco and alcohol use in the Hep573 Study as both lifestyle factors
exacerbate oxidative stress, and can be counterproductive in single synthetic
antioxidant therapy. Chronic hepatitis C patients are deficient in a range of

310

antioxidants including glutathione,* trace elements and minerals.**° The

480-482

literature indicates that in cases of nutritional deficiency, antioxidants are

more efficacious than in those who are well nourished.
Summary of Antioxidant Research in CHC

By reducing OS in CHC, antioxidants can alleviate hepatic damage, protect
vital immune cell function as well as promote apoptosis and therefore improve the
chances of eliminating the virus.**

Evidence for antioxidants and herbal medicines inhibiting inflammation,>**>*?

147,233,382,513,514

hepatic fibrosis and carcinogenesis®** is expanding.

382,357

Friedman and others identify that the administration of antioxidants in

147,382,515,516,51,511,512,517,518
and

CHC patients, reduces hepatic necroinflammation
inhibits HSC activation,?3%3%2°14°19-21 tharepy reducing progression to hepatic
fibrosis. OS in CHC patients is associated with non response to treatment®** and
those with high serum thioredoxin levels exhibit resistance to antiviral therapy.?*®
Antioxidants increase SVR in those treated with pegylated interferon and

293438 and also reduce recurrence of HCV reinfection after liver

ribavirin
transplantation.*’

HCYV infected patients have been found to have an imbalance of toxic and
essential trace metals. A small study of patients who were anti-HCV antibody-
positive found significantly lower concentrations of plasma zinc (Zn), higher copper
(Cu), iron (Fe), lead (Pb), cadmium (Cd), and aluminum (Al), lower activities of
erythrocyte antioxidant enzymes glutathione peroxidase and catalase, and raised

superoxide dismutase activity.>*

The patients were also found to have significantly
increased levels of lipid peroxidation malondialdehyde (MDA), and inflammatory
markers including alanine aminotransferase (ALT), high sensitivity C-reactive
protein (hs-CRP), ferritin, and Cu/Zn ratios, as well as decreased albumin and high
density lipoprotein (HDL). The increase in lipid peroxidation malondialdehyde could
be correlated with the interactions between toxic (e.g., Pb, Cd, and Al) and

essential metals (e.g., Zn, Cu, Fe).’* Such trace element imbalance may
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exacerbate oxidative stress, inflammation and hepatic damage in individuals with
HCV infection.

Clinical trials using antioxidants in CHC.

Antioxidants were tested in chronic hepatitis C patients who were non
responders to interferon monotherapy. N-acetylcysteine (NAC) was used on its

. 523,524

own; in combination with vitamin E,** and in combination with selenium and

E.3>* In each of these studies, the listed antioxidants were found to increase

vitamin
the efficacy of interferon monotherapy and led to further research in the efficacy
and mechanism of action of antioxidants in CHC.

Prior to the commencement of the Hep573 Study, a small randomised
controlled trial examined the impact of vitamin E and antioxidants on IFN response

in chronic HCV infection.**?

Twenty-four study participants were randomised to
three groups receiving IFN-a. (4.5 million units thrice weekly subcutaneously), IFN
only, IFN plus NAC (1,800 mg/day) plus sodium selenite (400 mcg/day), or IFN, N-
acetyl cysteine, sodium selenite and vitamin E (544 IU/day). The study group
receiving vitamin E had a greater reduction in HCV RNA (viral load) (P=0.028) than
the control group. However, the sustained virological response was similar in all
groups.®* The authors suggested the trends towards greater virological response
warranted further evaluation of the role of vitamin E as a supplement to IFN-based
therapy. However, the weaknesses of this study are the small numbers and the fact
that SVR was not affected.

A randomised double-blind, placebo-controlled, clinical trial using the
Chinese herbal medicine preparation CH100 was conducted in people with chronic
HCYV infection at John Hunter Hospital, Newcastle, Australia. There was a
significant reduction in ALT levels at the end of the six-month study period
(P<0.03).°?® The CH100 consisted of 18 phytochemical based ingredients, 12 of

which had antioxidant effects.>?">¢

The study did not have a follow-up period and
this is a limitation. In a CH100 follow-up study (N=100), there were no significant
differences in either ALT levels or HCV RNA over a six-month treatment period
(intention-to-treat analysis). However in per protocol analysis, a significant decline
in mean ALT (as measured at Weeks 4 and 24) was demonstrated. These changes
reverted to baseline scores in the post-treatment follow-up period of 24 weeks.>*’
This study informed the choice of the Hep573 Study Coordinator to select a number
of phytochemical-based interventions with antioxidant pharmacological actions.

Further animal studies identified anti-inflammatory and antifibrotic effects of the
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CH100 interventions on liver pathology.>**°*

These findings may be due to the
antioxidant nature of many of the CH100 ingredients reducing OS and
inflammation.

In an open labelled, one centre, non-randomised clinical trial, 50 people with
chronic HCV infection were treated orally for 20 weeks with glycyrrhizin (1000 mg),
schisandra (1500 mg), silymarin (750 mg), ascorbic acid (6000 mg), lipoic acid (300

1 |ntravenous

mg), L-glutathione (300 mg) and d-a-tocopherol (800 IU) daily.
preparations of glycyrrhizin (120 mg), ascorbic acid (10,000 mg), L-glutathione (750
mg) and vitamin B complex (1 mL) were also administered daily for the first 10

weeks. After treatment, participants then entered a follow-up period of 20 weeks.”"*

In this trial, ALT normalisation (defined as a single normal result by testing
laboratory standards) was reported in 32.3% (11/34) of the participants with
elevated ALT, while HCV viral load (=1 log) decreased in 25% of participants and
QOL improved in 58%.°** However, the study design was weak (non-randomised)
> and would need to be reproduced in a randomised controlled trial.

In a double-blind, placebo-controlled study of 100 interferon non
responders, 50 were assigned to intravenous and oral antioxidants (N=25) or
placebo (N=25) and 50 were given oral antioxidants only (N=25) or placebo (N=25)
for 24 weeks.”"? The interventions were identical to the study®** listed above. In the
intravenous and oral antioxidant group, ALT levels reduced in 52% (13/25) of
participants on active treatment compared to 20% (5/25) in the placebo group
(P=0.05).>*? The oral antioxidant group did not achieve any significant changes in
the designated outcome measures. The study was well designed with appropriate
outcome measures of liver inflammation, histology activity index and HCV RNA
levels. The daily dose of silymarin was 750 mg. This is similar to the 720 mg
silibinin daily dose used in the Hep573 Study. These two studies showed that
combined oral and intravenous, broad spectrum antioxidants formulations may
prove effective in CHC patients.>*">"?

Groenbaek, et al., followed 23 CHC patients in a randomised, controlled trial
for 24 weeks. There were 12 patients in the antioxidant group and 11 in the placebo
group. The daily dose of the antioxidants was: ascorbic acid (500 mg), d-alpha
tocopherol (945 1U) and selenium (200 pg). They found no effect on oxidative-
stress markers, lipid peroxidation (MDA) or protein oxidation (2-amino-adipic
semialdehyde (2-AAS)) or ALT and HCV RNA.>*® However, it is hard to draw a

conclusion of no benefit from these three antioxidants in CHC patients when there
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was no published sample size calculation on the primary-outcome measure,**° and
the study was not able to deliver a result.

Thirty HCV patients who were non-responders to, or ineligible for IFN/RBV
treatment took mitoquinone (co-enzyme Q10) at either 40 mg or 80 mg per day or
placebo in a randomised, double-blind parallel design study for 28 days. Both
doses of mitoquinone led to significant reductions in absolute and total/mean
percentage changes in ALT from baseline to Day 28 (P<0.05). The primary
endpoint was a percentage change in ALT at Day 28 compared to baseline on the
two treatment arms compared to the placebo.”*®

Choi, et al.,**® identified some antioxidant formulations used without
concurrent IFN therapy that had favorable effects on ALT whereas other antioxidant
formulations such as NAC, vitamin E, or vitamin E plus NAC, ascorbic acid and/or
selenite, were disappointing when used in combination with IFN. Choi, et al., list
possible reasons for such varied outcomes as: possible low bioavailability and
other nonspecific effects of antioxidants, disturbance of healthy (i.e., ‘good’)
functions of ROS/RNS, presence of high oxidative/nitrosative stress, and problems
in study design (e.g., small sample size).**®

The aim of the Hep573 Study was to test the hypothesis that antioxidants
could influence disease progression in CHC patients by reducing oxidative stress
(OS). In a review of 17 clinical trials from 1997-2010°*° using antioxidants in HCV
infection alone or with interferon therapy, the majority (12/17) had less than 50
participants. This lack of quality studies and inconsistent results informed the
design of the Hep573 Study. Some of the ways the Hep573 Study sought to
redress a gap in current antioxidant research in CHC patients are: the randomised
placebo-controlled study design in the Hep573 Study, the enrolment of 118
participants, a 24-week treatment period and a 24-week follow-up period, the
utilisation of the well respected outcome measures of ALT, HCV RNA, F..
isoprostanes and the use of Fibrotest in the examination of an oral ‘antioxidant

intervention’.

HEP573 STUDY INTERVENTIONS

The Study design (detailed in the methodology section) included a targeted
oral ‘antioxidant intervention’. The rationale, research and link to pathology of the

Hep573 interventions are examined here.
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Silymarin

Silymarin was chosen as the comparison arm in this Study as it has a
proven track record in ameliorating liver disease. In addition, silymarin attenuates
liver injury provoked by alcohol, insulin resistance, hepatic steatosis and OS; all of

which are implicated in hepatitis C disease progression,'9:%:437:438:446.447,452,453.455

Antioxidant Intervention

Oxidative stress occurs as a direct and indirect response to the virus and
the immune response. OS damages lipids, proteins and DNA, affecting cell

proliferation, differentiation and cell survival**%#°0247:2°0:240

resulting in necrosis,
inflammation and fibrosis. Antioxidants reduce OS by scavenging free radicals,
enhancing the synthesis of adaptive endogenous antioxdants and also by inhibiting
the activity of oxidant producing enzymes.?*’

The interventions in the Hep573 Study include a broad range of non-

synthetic, predominantly phytochemical antioxidants.
Hep573 Study Pharmacology

The pathogenesis of HCV infection has been previously outlined in detail.
The pharmacology and specific mechanisms of action of the interventions on liver
disease will now be reviewed.

The next section reviews the evidence supporting the selection of the
Hep573 ingredients (Table 2.6), and is divided into two parts. The first part, reviews
the evidence at the time the Study commenced, pre-2003 (Table 2.7). The second
part examines the evidence, post-2003 (Table 2.8) to the present. At the end of the
pre- and post-2003 Tables the salient points are summarised.

The evidence in Table 2.7 and Table 2.8 is reported in terms of the
pharmacology and mechanism of action as follows:

(1) antioxidant: scavenging and upregulating enzymatic defences®*>4°41-542

and inhibiting free radical producing enzymes?*8%230-231.228.
(2) anti-inflammatory: affecting cell signalling in redox sensitive pathways such

as NF-kB***:

546 547

(3) apoptotic>” and antinecrotic™" stabilisation of mitochondria, cell membranes
and redox regulated pathways;
(4) antifibrotic: inhibiting profibrogenic gene expression,>****° HSC activation>>°

and ECM deposition®?;
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(5) immune-modulator: modulation of gene expression and endogenous

production of IFN-y and other cytokines®;

(6) antiviral: improved host response to viral infection

441,459,552-556.

: and

(7) hepatoprotective: maintaining liver function, e.g., protecting the liver

mitochondria and microsomes from lipid peroxidation through ‘membrane

stabilising action’.

» 546

EVIDENCE OF PHARMACOLOGY AND MECHANISMS OF ACTION

Table 2.6: Hep573 trial interventions, evidence pre- and post-2003

Hep573 SOX Trial
Ingredients

Standardised
to specified
daily amount

Studies Pre-2003

Studies Post-2003

Alpha lipoic acid

Han, et al., 1997°*

Castro, et al., 2012>°/

200 mg/d Min, et al., 2010°*
Hultberg, et al., 2006
Petersen Shay, et al.,
2008
Andrographis Andrographolide | Chiou, et al., 2000°® Chang, et al., 2008°%
paniculata 34.8 mg Shen, et al., 2002°* Chen, et al., 2011°%
3g/d Hidalgo, et al., 2005°*
Lee, et al., 2012°%
Verma, et al., 2008°*
Ye, etal., 2011°%°
Astragalus Zhang, et al., 1990’ Gui, et al., 2006°*
membranaceus Jia, et al., 2012 °*®
3g/d Li, etal.,2012°%

Camellia sinensis
4g/d

Skrzydlewska, et al.,
2002°*

Calland, et al.,2012 >**
Chen, et al.,2012°>°
Ciesek, et al.,2011%%
Fukazawa, et
al.,2012%*°

Inami, et al., 2007%3*
Park, et al., 2012°"°
Yumei, et al., 2006°*
Zhen, et al., 2007°"*

Curcuma longa
8g/d

Curcuminoids
280 mg

Naito, et al., 2002°*
Deeb, et al., 2003 °"

Ak, et al., 2008°"*
Bruck, et al., 2007>*
Chen, et al., 2008°*°
Zheng, et al., 2007°"

Eleutherococcus

syringaresinol

Glatthaar-Saalmuller, et

Chen, et al., 2008°"°

senticosus diglucosides al., 2001°" Park, et al.,2004°"
3g/d 1.2 mg

Hypericum Hypericin Hunt, et al., 2001°" Orcic et al., 2011°"
perforatum 0.8 mg

1.5g/d

Lycopene Porrini, et al., 2000°* Bahcecioglu, et al.,
80 mg/d 2010°%

Kim, et al., 2004°%2
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Table 2.6: Hep573 trial interventions, evidence pre- and post-2003

Hep573 SOX Trial
Ingredients

Standardised
to specified
daily amount

Studies Pre-2003

Studies Post-2003

Phyllanthus
amarus
3g/d

Kiemer, et al., 2003°*

Harikumar, et al.,
2004°%
Ravikumar, et al.,
2011°%

Selenomethionine
40 mg/d

elemental
selenium
200 mcg

Navarro-Alarcon, et al.,
2002°%

Aboul-Soud et al.,
2011°%

Clarke, et al., 2010°®
Himoto, et al., 2011°%
Teodor, et al., 2011°%
Viezeliene et al., 2011°%*
Youn, et al., 2008°%

Silybum marianum
60 grams/day (g/d)

silibinin
720 mg

Bindoli, et al., 1977>*
Jia, et al., 2001>*
Schumann, et al.,
2003°%

Tager, et al., 2001>*®
Valenzuela, et al.,
1989°%

Ahmed-Belkacem, et al.,
2010*"*

Alidoost, et al., 2006°%°
Das, et al., 2012°%°
Ferenci, et al.,2008"%®
Fried, et al, 2012>%’
Gued; et al., 2012°>
Kim et al., 2012°%
Polyak, et al., 2010°*
Trappoliere, et al.,
2009"

Tzeng, et al.,2012°%
Wagoner,et al.,2010"*°
Wallace, et al., 2008°%°

Vitamin C
400 mg/d

calcium
ascorbate
400 mg

Bowie et el 2000°"*
Maellaro, et al., 1994°%

Abhilash, et
al.,2012a°%

Abhilash, et
al.,2012p%%

Hong, etal.,2012°%
Weyers, et al., 2008°%°

Vitis vinifera
12g/d

procyanidins
80 mg

Maffei Facino, et al.,
1994°"

Nair, et al., 2002°%*
Vigna, et al.,2003°%®

Dulundu, et al., 2007°%

Zinc amino acid
chelate 20%
250 mg/d

elemental zinc
50 mg

Camps, et al., 1992°*

Farias et al.2012°"*
Somi, et al., 2012°*
von Bulow, et al.,
2007°"
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Key to Table 2.6: Pre- and post-2003 Tables:

AA = ascorbic acid, ALA=alpha lipoic acid, BDL=bile duct ligation, BDO=bile duct occlusion,
BHT = butylated hydroxytoluene, BID=pro-apoptotic protein,

CAF = crude astragaloside fraction, CAPD=continuous ambulatory peritoneal dialysis,

CCly = carbon tetrachloride, COX-2=cycloxygenase-2,

CTGF = connective tissue growth factor, DC=dendritic cell, EC=epicatechin,

EGC = epigallocatechin, EGCG=epigallocatechin gallate, ECM=extracellular collagen matrix,
ERK = extracellular signal-regulated kinase, fMLP=N-formyl-methionyl-leucyl-phenyalanine,
FRAP = ferric reducing antioxidant potential, GPx=glutathione peroxidase

GSE = grape seed extract, GSH=glutathione, GSSG reductase =glutathione reductase,

4-HNE = 4-hydroxynonenal, HCVcc=HCV cell culture, HSC=hepatic stellate cell,

Huh = human hepatoma cells, IC= inhibitory concentration,

ICAM-1 = intracellular adhesion molecule-1, IFN-y=interferon-y, IL-10=interleukin-10, IL-1B=interleukin-1beta,
I-kB = inhibitory kappa B, iINOS=inducible nitric oxide synthase, IRF=interferon regulatory factor,

JFH-1 = Japanese fulminant hepatitis-1, JINK=Jun N-terminal kinase, LDL=low density lipoproteins,
LNCaP =a cell line established from a metastatic lesion of human prostatic adenocarcinoma,

LOOH =lipid hydroperoxides, LPS=lipopolysaccharide (LPS), Mac-1=macrophage adhesion molecule-1,
MAPK = mitogen activated protein kinase, MDA=malondialdehyde, MEK=MAP kinase kinase,

MIP = macrophage inflammatory protein, mMRNA=messenger RNA,
MyD88 = myeloid differential factor 88, NF-kB=nuclear factor kappa B,
OxLDL = oxidised low density lipoproteins,

PAF = platelet activating factor, PCL=phosphatidylcholine liposomes,
PDGF = platelet derived growth factor,

PKC = protein kinase C, PMBC=polymorphonuclear cells,

PPAR = peroxisome proliferator-activated receptor

ROS = reactive oxygen species, TAS=total antioxidant status,

TBARS = thiobarbituric acid reactive substances, TB-R1=T beta receptor 1, TCR=T cell receptor,
TGFB1 = transforming growth factor betal, TIMP-1=tissue inhibitor of metalloproteinase-1,

TLR3  =toll like receptor 3, TNF-a=tumour necrosis factor alpha,
TRAIL = tumour necrosis factor realted apoptosis inducing ligand,
TRIF = toll interleukin-1 receptor domain containing adaptor inducing interferon,

VCAM = vascular cell adhesion molecule-1.
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Evidence of Mechanisms of Action Pre-2003

Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Alphalipoic acid

Han, et al., 1997
Effect of ALA on total
cellular thiols and uptake

of cystine541

Alpha lipoic acid
(ALA) (100 pM)

Flow cytometric assay of
human peripheral blood
lymphocytes incubated
with ALA for 48 hours

ALA increased glutathione in peripheral blood
lymphocytes by 48% compared to controls (P<0.05).
Enhanced de novo synthesis of GSH.

ALA helped maintain redox regulation, restore cellular
glutathione and improve immune and antioxidant
response.

Antioxidant
(endogenous)
Immune-
modulator

Andrographis paniculata

Chiou, et al., 2000
Effect of andrographolide
on inducible NO synthase

. 560
MRNA expression

Andrographis
paniculata

LPS/IFN-y stimulated
raw 264.7 macrophages

Suppression of pro-inflammatory gene expression
TNF-q, IL-6, macrophage inflammatory protein 2
(MIP-2).

Anti-inflammatory
Immune-
modulator

Shen, et al., 2002
Mechanisms involved in
anti-inflammatory effect of

andrographolide561

Andrographolide
(0.1-10 uM)

Adhesion &
transmigration of
isolated peripheral
human neutrophils

Andrographolide decreased ROS production
(hydrogen peroxide and superoxide anion radicals)
(P<0.05) by modulation of protein kinase C (PKC)
dependent pathway & down-regulation of Mac-
1(CD11b/CD18) expression critical for neutrophil
adhesion and transmigration.

Anti-inflammatory
Antioxidant
Immune-
modulator

Astragalus membranaceus

Zhang et al., 1990
Effect of Astragalus
membranaceus on
stilbenemidine (SBM) -

. . .. 567
induced liver injury

A. membranaceus
root extract (ARE)
3 g/kg for 7 days

Adult male and female

mice

ALT was significantly reduced in the SBM and ARE
group compared to the SBM group (P<0.01).

Anti-inflammatory
Hepatoprotective
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Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Camellia sinensis

Skrzydlewska, et al., Camellia sinensis Rats (5-10 weeks ad Increased glutathione peroxidase (GPx) by 33%, and | Antioxidant
2002 (Green tea) libitum) GSSG reductase by 38% in rat liver, (P<0.001) (endogenous)
Effect of green tea on EGCG (337 mg/L) compared to controls. Lipid peroxidation products
antioxidant enzymes and | EGC (268 mg/L) were reduced as follows: LOOH by 13%,(P<0.05), 4-
lipid peroxidation EC(90 mg/L) HNE by 10% (P<0.05) and MDA by 33% (P<0.001) in
products®* ECG(60 mg/L) liver tissue and by 10%, 16% and 22% (all, P<0.001)
in serum in green tea drinking rats compared to
controls.
Curcumalonga
Naito, et al., 2002 Tetrahydrocurcumin | In vitro, human LDL Inhibition of oxidation of human LDL in vitro. Antioxidant
Evaluate the antioxidative | (THC) Curcuma In Vivo, rabbits In diets containing 1% cholesterol with or without
activity of THC®"2 longa 0.5% THC. THC inhibited TBARS formation.
Deeb, et al., 2003 10 uM curcumin In vitro LNCaP cell lines | Combined TRAIL and curcumin activated both the Apoptotic
Effect of curcumin and and 20 ng/ml TRAIL extrinsic (receptor-mediated) and intrinsic (chemical-
TRAIL on LNCaP cell induced) pathways of apoptosis through
death®” induced cleavage of procaspase-3, procaspase-8,
and procaspase-9, truncation of Bid, and release of
cytochrome c from the mitochondria.
Eleutherococcus senticosus
Glatthaar-Saalmuller et E. senticosus liquid | Plaque reduction assays | E. senticosus in various dilutions led to: Antiviral

al., 2001
Effect of Eleutheroccus
senticosus on virus

. 575
replication

extract, 33% (v/v)
ethanol

in cell cultures infected
with DNA and RNA
viruses

1:80, 62% and 64% reduction in human rhinovirus
(HRV) and influenza A virus respectively. At this
dilution it had a comparable effect to 5 pg/mL
amantadine

1:640, ~100% reduction in respiratory syncytial virus
(RSV)

1:2240, showed similar antiviral activity to 5 pg/mL
ribavirin on RSV

No activity against DNA viruses.

82




Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Hypericum perforatum

Hunt, et al., 2001 Hypericum Cell-free system Standardised plant extracts of 1:2.5 & 1.5 Antioxidant
Evaluation of the perforatum Human vascular tissue concentrations of H. perforatum markedly reduced (scavenger)
antioxidant properties of standardised superoxide production vs controls (P<0.05)
H. perforatum®’® extracts demonstrating significant free radical scavenging
Nature Plus® properties.
Movana® 1:20 standardised hypericin extract had greater
antioxidant properties (P<0.0001) than a standardised
hyperforin extract (P<0.001) indicating hypericin is the
main ingredient required for free radical scavenging.
Lycopene
Porrini et al., 2000 25 g tomato puree Open study design Plasma and lymphocyte lycopene concentrations Antioxidant

The effect of lycopene on
plasma and lymphocyte
carotenoid

. 580
concentration

(7 mg carotene, 0.3
mg B-carotene)
given to 11 healthy
female patients for
14 days

significantly increased (P<0.001, P<0.005)
respectively

50% reduction in lymphocyte DNA damage (P<0.001)
Inverse relationships were found between plasma
lycopene concentration and oxidative DNA damage
(r=-0.82, P<0.0001) and between lymphocyte
lycopene concentration and oxidative DNA damage
(r=-0.62, P<0.01).

Phyllanthus amarus

Kiemer, et al., 2003
Galactosamine/LPS
model for acute toxic

hepatitis583

Phyllanthus amarus

Rat kupffer cells,
RAW 264.7
macrophages,
Human whole blood,
Mice

Inhibition of LPS-induced TNF-a in RAW 264.7
macrophages & human whole blood via NF-kB.

P. amarus inhibited IL-18, IFN-y & IL-10 (P<0.05) in
human whole blood.

Inhibited induction of INOS and COX-2.

Anti-inflammatory
Antioxidant
Immune-
modulator
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Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study Formulation Study design Mechanism Pharmacological
Action

Selenium

Navarro-Alarcon et al., Total serum Open study (N=50 liver In hepatic patients serum total cholesterol was Antioxidant

2001 selenium disease patients) positively correlated with serum selenium Hepatoprotective

The influence of type of measurements compared to healthy and | concentrations (r=0.912, P<0.05)

liver disease, sex and age
on serum selenium

. 586
concentrations

elderly controls
Cirrhosis (N=12)
Hepatitis (N=38)

There was an inverse relationship between GGT
levels and serum selenium levels (r=-0.083, P<0.05),
e.g., as hepatic injury increased, serum selenium
levels decreased significantly.

Silybum marianum

Bindoli, et al., 1977

Silymatrin (10-50

Rat liver mitochondria &

Silymarin protected liver mitochondria & microsomes

Anti-inflammatory

Evaluating the uM) microsomes from lipid peroxide formation. Antioxidant
hepatoprotective In the liver mitochondria, silymarin inhibited Fe*'- Apoptotic
‘membrane stabilising ascorbate induced swelling, oxygen uptake and MDA
action’ of silymarin in lipid formation (all expressions of lipid peroxide formation)
peroxidation546 Antiperoxide action of silymarin was superior to a-

tocopherol by 10 fold.
Jia, et al., 2001 Silymarin 50 Bile duct occlusion Silymarin downregulated procollagen a1(l), TIMP-I, Antifibrotic
To examine antifibrotic mg/kg/day (BDO) (rats) TGFB1 mRNA levels by 40-60% (P<0.01) compared
mechanism of 6 weeks to BDO alone (controls)

. . 548
silymarin

Silymarin downregulates profibrogenic mRNAs and
reduces total and relative collagen accumulation.

Schumann, et al., 2003
Immune-response in T
cell-dependent

hepatitis593

Silibinin 25 mg/Kg

Mouse model of
concanavalin A (ConA)

Inhibited intrahepatic expression of TNF-a, NF-kB,
IFN-y, IL-2, IL-4, INOS and augmented synthesis of
IL-10 (P<0.05).

Silibinin significantly inhibited ConA-induced liver
disease through immune-response modification.

Anti-inflammatory
Immune-
modulator
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Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Silybum marianum

Tager, et al., 2001 70 pg/mL silibinin Peritoneal macrophages | Intracellular thiol content increased 3.5 fold (P<0.01) | Antioxidant
Antioxidant effects of 84 pg/mL silymarin | from dialysis fluid of in silibinin and silymarin groups compared to controls | (endogenous)
silymarin and silibinin on CAPD patients (N=30) after 20 days of culture. Silibinin and silymarin
cellular thiol status®*® reduced protein oxidation and ROS induced cell

signalling.>*®
Valenzuela, et al., 1989 Silymarin (200 Male Wistar rats Silymarin increased total glutathione content Antioxidant
Effect of silymarin on mg/kg) (GSHT=GSH+2GSSG) by >50% in rat liver and (endogenous)
GSH content in rat Intraperitoneal intestine compared to controls (P<0.05).
tissue®™ injection
Vitamin C
Bowie, et al., 2000 Vitamin C Endothelial cell line Dose dependently (20 mM) blocked IL-1 & TNF Anti-inflammatory
To examine the effect of (ECV 304) mediated degradation & phosphorylation of IkBa due | Antioxidant
vitamin C on NF-«kB to inhibition of I-kB kinase.
activation®* This effect was mediated by p38 MAPK

Vitamin C inhibited TNF-mediated NF-kB activation.
Maellaro, et al., 1994 Vitamin C as Rat hepatocytes Ascorbic acid was able to protect hepatocytes from Antioxidant
The ability of Vitamin C to | ascorbic acid (AA) Allyl alcohol lipid peroxidation induced by allyl alcohol & diethyl (scavenger)
protect rat hepatocytes 0.6 mM-4.8 mM Diethyl maleate maleate. Hepatoprotective
from prooxidant-induced ascorbate CCl, AA has a direct ability to scavenge ROS.
liver injury®® menadione
Vitis vinifera
Maffei Facino, et al., 1994 | Procyanidins from Ultrasound irradiation Procyanindins prevented both the induction Antioxidant

Effect of procyanidins on
lipid peroxidation607

Vitis vinifera (seed)

induced lipid
peroxidation of
phosphatidylcholine
liposomes (PCL)
membrane

(IC50=0.1pmol/L) by 52% and propagation

(IC=0.5pumol/L) phases by 55% of conjugated dienes.
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Table 2.7: Evidence of mechanisms of action of Hep573 interventions pre-2003.

Study Formulation Study design Mechanism Pharmacological
Action

Vitis vinifera
Nair, et al., 2002 Vitis vinifera Humans Upregulated: Antiviral
Effect of GSE on Thl GSE 0.1 and 0.5 Peripheral blood - IFN-y gene expression (P<0.001, 0.1 mg/mL and Immune-
(IFN-y) & Th2 (IL-6) mg/mL mononuclear cells P<0.02, 0.5 mg/mL) by PBMC compared to untreated | modulator
derived cytokine controls
production”>* - number of IFN-y positive cells (P<0.001, 0.1 mg/mL

and P<0.007, 0.5 mg/mL)

- endogenous production of IFN-y (P<0.001, 0.1

mg/mL and P<0.0001, 0.5 mg/mL).
Vigna, et al., 2003 Vitis vinifera Randomised double The FRAP test showed a significant difference from Antioxidant
Effect of GSE & 75 mg procyanindin | blind crossover study of | baseline in the GSE group compared to placebo at
phosphatidylcholine on male cigarette smokers | week 4 (N=12, P<0.001)
lipoproteins and (N=24) TBARS concentration significantly reduced in GSE
antioxidant defense®® group compared to placebo (P<0.01) over the study

duration of 14 weeks.
Zinc
Camps et al., 1992 227 mg of ZnSOy/I Male Wistar rats Zinc significantly reduced lipid peroxidation by 51% Antifibrotic
Effect of zinc on lipid CCls-induced hepatic (P<0.05), collagen deposition by 32% (P<0.01) and Antioxidant

peroxidation and hepatic
fibrosis®™

fibrosis

proline hydroxylase activity by 30% (P<0.05) at week
18 in the CCl,-treated rats.
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Evidence of Mechanisms of Action Post-2003

Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Alpha lipoic acid

Castro, et al, 2012
Evaluated co-
administration of R/S-
alpha-lipoic acid in the
prevention oxidative
stress and metabolic
changes induced by a

fructose-rich diet>’

Standard diet
(control) and
fructose without
or with R/S-alpha-
lipoic acid

In vivo, mice

(1) Prevention of hyperinsulinemia, hypertriglyceridemia
and insulin resistance

(2) Improved hepatic insulin sensitivity and glucose
tolerance

(3) Decreased liver oxidative stress and increased
antioxidant capacity and expression of antioxidant
enzymes

(4) Decreased expression of uncoupling protein 2 and
PPARS protein and increased PPARY levels,

(5) Restored basal gene expression of PPARS, SREBP-
1c and the lipogenic genes fatty acid synthase and
glycerol-3-phosphate acyltransferase

(6) Decreased fructose-mediated enhancement of
glucokinase activity.

Antioxidant

Hultberg, et al., 2006
Effect of ALA on GSH
turnover against different
IS%\éels of H,0, (24 hours)

Alpha lipoic acid
100 pM & 500 pM

HelLa cell culture

(cancer cell line) and
hepatoma cell culture

Increased total glutathione (P<0.05) in both cell cultures.

Antioxidant
(endogenous)

Min, et al., 2010
Determine whether ALA
prevents hepatic
fibrosis>*°

Alpha lipoic acid
100 mg/kg/d
intravenous

In vivo, mice, bile
duct ligation
in vitro

Inhibits hepatic PAI-1 expression through inhibition of
TGF-B induced molecular mediators, Smad3, AP1, and
Spl.

Antifibrotic
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Alpha lipoic acid

Petersen Shay, et al., Alpha lipoic acid In vitro, in vivo (rats) | In vitro direct scavenger of ROS Anti-diabetic
2008 In vivo-induces transcription of genes via Nrf2/ARE that Anti-inflammatory
Oxidant scavenger in vivo synthesise glutathione. Antioxidant
or induction of stress- Reduction of cystine to cysteine (scavenger and
activated signalling Increases cysteine uptake for glutathione synthesis. endogenous)
mechanisms>>® Affects thiol redox sensitive pathways — Inhibits TNF-a Apoptotic

induced NF-kB inflammation.

Stabilise the cysteine residues in the insulin signalling

pathway

Modification of B/Akt, induction of P13K.

Reduction of diabetic polyneuropathies, improves glucose

uptake via upregulation of GLUT4 receptors.
Andrographis paniculata
Chang, et al., 2008 Andrographolide Primary hepatocytes | Both the whole plant extract and andrographolide Antioxidant
Effect of andrographolide | (10-20 uM), active | (rat) significantly increased glutathione-S-transferase activity Chemo-
on glutathione-S- constituent in compared to controls (P<0.05) preventive

transferase expression®°? | Andrographis Andrographolide increased GST activity implying that it
paniculata has chemopreventive potential.
Chen, et al., 2011 Isolated Expression of HL-60 | Inhibition of PI3SK/Akt pathway and NF-kB activation: Anti-inflammatory

Effect of down-regulation
of the PI3K/Akt signaling
pathway on
TNF-alpha-induced

. 563
Inflammation

andrographolide

cells and adhesion

onto human umbilical
vein endothelial cells

(HUVEC)

(1) Decreased TNF-a-induced intercellular adhesion
molecule-1 (ICAM-1) expression and adhesion of HL-
60 cells

(2) Inhibition of TNF-a-induced Akt phosphorylation
(3) Blockade of TNF-a-induced IkappaB-alpha.
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Andrographis paniculata

Hidalgo, et al.,2005 Andrographis HL-60 derived Inhibited NF-kB luciferase activity induced by PAF Anti-inflammatory
Effect of andrographolide | paniculata neutrophils Reduced DNA binding to NF-kB.

on activation of NF-kB 5 and 50 pM

induced by PAF &

MLP°*

Lee, et al., 2012 Isolated Human monocytic (1) Inhibition of MMP-9 activation, induced by either TNF- | Antifibrotic

Suppression of matrix
metalloproteinase-9
expression by

andrographolide565

andrographolide

THP-1 cells

a, or lipopolysaccharide

(2) Suppression of expression of MMP-9 messenger
RNA.

(3) Inhibition of the degradation of inhibitor-kappaB-a.
induced by TNF-a..

(4) Inhibition of NF-xB signaling, anti-translocation and
anti-activation.

Anti-inflammatory

Verma, et al., 2008
Effect of Andrographis on
antioxidant defense
system in liver**

Andrographis
paniculata extract

Lymphoma bearing
AKR mice

Increased levels of glutathione S transferase, catalase
and superoxide dismutase enzymes.

Antioxidant
(endogenous)

Ye, etal., 2011

Effect of andrographolide
against carbon
tetrachloride-induced
acute liver injury in
mice®®®

Isolated
andrographolide

CCl,-induced acute
liver injury in mice.

Pretreatment with andrographolide significantly reduced
CCl-induced hepatotoxicity by :

significant reduction of serum ALT, AST levels and
hepatic MDA activity,

increase in hepatic GSH content.

Anti-inflammatory
Antioxidant
(endogenous)
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study Formulation Study design Mechanism Pharmacological
Action

Astragalus membranaceus
Gui, et al., 2006 Crude CCl, induced hepatic | CAF increased liver total antioxidant capacity (superoxide | Antifibrotic
The effect of crude astragaloside fibrosis (rats) dismutase (SOD), (P<0.01) glutathione peroxidase (GPx), | Anti-inflammatory
astragaloside fractions fraction) (CAF)(I- (P<0.05) Antioxidant
from Astragalus IV) (10, 20 & 40 CAF markedly reduced TGF-B1 in Kupffer cells (P<0.05, (endogenous &
membranaceus on rat mg/kg), 20 mg/kg, (P<0.01, 40 mg/kg). scavenger)
fibrosis and possible CAF significantly decreased hydroxyproline content in Hepatoprotective
mechanisms.>*® liver tissue & serum hyaluronic acid P<0.05, 20 mg/kg,

P<0.01, 40 mg/kg, & procollagen 11l P<0.01, both doses

The inhibitory effect of CAF may be related to its free

radical scavenging activity and its ability to inhibit

production of TNF-a & TGF-B from activated Kupffer cells

CAF significantly reduced plasma ALT & AST levels at 20

and 40 mg/kg compared to the control group (P<0.01).
Jia, et al., 2012 Astragalus In vitro and in vivo In vitro Antioxidant
Hepatoprotective and polysaccharides hepatocyte damage Significantly improved cell viability and inhibition of the Hepatoprotective
antioxidant effects of (200, 400 and 800 | induced by carbon elevation of SGPT, SGOT, LDH, MDA, and increased
Astragalus®® pg/ml) tetrachloride in SOD

common carp. In vivo

The elevated activities of SGPT, SGOT and LDH were

significantly reduced, and the reduced levels of total

protein and albumin in the serum were increased after

pre-treatment.
Li, et al., 2012 Astragalus Tumor Inhibition of the growth and proliferation of Immune-
Inhibiting effect on the polysaccharides microenvironment of | CD4+CD25+Treg cells in vitro modulator
functions of CD4+CD25 human Restoration of the cytokine imbalance and reducing the
cells™®® hepatocellular expression of FOXp3 in local hepatocellular carcinoma

carcinoma microenvironments.

90




Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Camellia sinensis

Calland, et al., 2012 (-)- HCYV cell culture Inhibition of hepatitis C virus entry. Antiviral
Effect on hepatitis C virus | Epigallocatechin- HCYV infectivity was inhibited by more than 90% when
entry554 3-gallate administered at a concentration of 50 uM of EGCG in an

early step of the viral life cycle (most likely the entry step).

Viral replication and virion secretion were not affected by

EGCG.
Chen, et al., 2012a (-)- HCV cell culture and | Inhibition of replication cycle of HCV by suppressing HCV | Antiviral
Effect on the the Epigallocatechin- | JFH1-GFP chimeric entry and RNA replication.
replication cycle of 3-gallate virus (50 % effective | Insignificant effect by EGCG on translation directed by the
hepatitis C virus>>> concentration viral internal ribosome entry site.

(EC(50)) of 17.9 uM).

Ciesek, et al., 2011 (-)- Cell-culture-derived Inhibition of entry into hepatoma cell lines and primary Antiviral
Effect on hepatitis C virus | Epigallocatechin- | HCV human hepatocytes by HCV derived by cell culture..
entry>>? 3-gallate Effect not due to differences in HCV genotype , and

inhibition effects observed in cells infected by extracellular

virions and in cell-to-cell spread.

No effect on HCV RNA replication, assembly, or release

of progeny virions.
Fukazawa, et al., 2012 Green tea In vitro, 7,8-benzoflavone and green tea gallate catechins inhibit Antiviral
Effect on inhibition of constituents HCV-JFH1, the hepatitis C virus.
HCV>® Huh7.5.1 cells EGCG apparently acted mainly on HCV entry, although it

may also block other steps. In contrast, 7,8-benzoflavone
was presumed to inhibit the HCV life cycle at later stages.

91




Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study Formulation Study design Mechanism Pharmacological
Action

Camellia sinensis

Inami, et al., 2007 Catechin Randomised Catechin reduced plasma oxidized LDL by 19% (reduced | Antioxidant

Effect of catechin intake (500 mg) controlled study from 9.56+9.2 to 7.76x7.7 U/mL, P=0.005) and may be

on lipid profile and plasma

oxidised LDL
cholesterol®**

~6/7 cups green
tea daily for 4
weeks

using anti-oxidised
phosphatidylcholine
monoclonal antibody
N=29 catechin group
N=11 control group

useful in hypercholesterolemia and coronary artery
disease.

Park, et al., 2012
Effect on diet-induced
nonalcoholic

steatohepatitis570

Low fat or high fat
diet with or
without green tea
extract.

Model of diet-
induced obesity

NF«B activation and inflammatory responses suppressed
by green tea in diet-induced obese rats with nonalcoholic
steatohepatitis

ALT and hepatic lipid levels lowered by green tea.

Anti-inflammatory

Yumei, et al., 2006
Examines inhibition by
EGCG on

ECM gene expression233

EGCG
(purity>95%)
Sigma

Passaged hepatic
stellate cells (rat)

EGCG attenuates oxidative stress by promoting the de
novo synthesis of intracellular GSH. This interrupts CTGF
mediated production of TGF-$ induced ECM in activated
HSC

Increased de novo synthesis of GSH and interrupted pro-
fibrogenic TGF-B signalling by suppressing gene
expression of TR-RI and TB-RII (P<0.05) versus no
treatment

Interruption of TGF-P signalling by EGCG suppressed
gene expression of CTGF and ECM and inactivated HSC,
thereby exerting an antifibrotic effect.

Antifibrotic
Antioxidant
(endogenous)
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Camellia sinensis

Zhen, et al., 2007 Green tea CCl-induced hepatic | Hepatic GSH levels were significantly increased by 51% Antifibrotic
Examine the effects of polyphenol EGCG | fibrosis from 3.5+£0.1umol/g to 5.3+0.2pumol/g following treatment Anti-inflammatory
EGCG on CCly-induced Epigallocatechin (rats) with EGCG (P<0.05) Antioxidant
hepatic fibrogenesis and gallate EGCG attenuates oxidative stress and restores the redox | (endogenous)
mechanisms involved®’* state in the hepatocyte by raisingGSH levels in cultured

HSCs

Fibrotic area was significantly reduced compared to

controls (Knodell) as were hepatic hydroxyproline content

& activity of MMP2 in liver (P<0.05)

EGCG prevents the development of hepatic fibrosis in a

rat model of CCl, induced hepatic fibrosis and suppressed

a-SMA-positive cells, indicating EGCG might attenuate

HSC activation

Serum ALT levels were significantly reduced after EGCG

treatment (P<0.05).
Curcuma longa
Ak, et al., 2008 Curcumin Various in vitro Curcumin had a hydrogen-peroxide scavenging-activity of | Antioxidant
To elucidate the role of (15 pg/mL or 20 antioxidant assays 28% (P<0.0031) and superoxide scavenging-activity of (scavenger)
curcumin in antioxidant, mM) Linoleic acid 43% (P<0.013) compared to a-tocopherol and BHT.
radical scavenging and emulsion Curcumin (15ug/mL concentration) inhibited 97.3% lipid
metal chelating574 peroxidation of linoleic acid emulsion.
Bruck, et al., 2007 Curcumin Thioacetamide Less nodule formation, fibrotic septa (P<0.001), Antifibrotic

To examine ability of
curcumin to prevent
thioacetamide-induced
cirrhosis, and mechanism
of its effect on hepatic

. . 547
fibrosis

300 mg/kg/day

induced cirrhosis
(rats)

inflammatory infiltration & hepatocyte apoptosis &
necrosis (P<0.01)

Curcumin reduced liver injury through down-regulation of
inflammatory processes.

Anti-inflammatory
Anti-necrotic
Apoptotic
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Curcuma longa

Chen, et al., 2008 Curcumin 20 pm HSC in vitro CTGF gene suppression resulted in activated HSC Antifibrotic
To evaluate signal (purity>949%), male Sprague— (P<0.05), because of interruption to NF-kB (via TLR4) and
transduction pathways Sigma Dawley rats. ERK signalling.
during curcumin Transfection assays
suppression of CTGF
expression in HsC>*
Zheng, et al., 2007 Curcumin (20 puM) | Activated hepatic In vitro, curcumin dose and time dependently increased Antifibrotic
To elucidate the Incubated for 24 stellate cells de novo synthesis of GSH by stimulating gene expression | Antioxidant
underlying mechanisms hours of glutamatcysteine ligase (GCL) in activated HSC. (endogenous)
whereby curcumin inhibits Curcumin requires de novo synthesis of GSH to inhibit
HSC activation®™* HSC activation, as it impedes cell proliferation, induces

apoptosis and suppresses the production of al (I)

collagen.
Eleutherococcus senticosus
Chen, et al., 2008 E. senticosus Chemiluminescent E senticosus displayed antioxidant activity against singlet | Antioxidant

Investigate antioxidant
properties of three

adaptogens576

analysis

oxygen, hypochlorite and hydrogen peroxide.
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Eleutherococcus senticosus

Park, et al, 2004 70% ethanol In vivo, injection of IP and oral water extract and polysaccharide significantly | Hepatoprotective
Effect hepatic failure extract, water trial medications in lowered serum levels of TNF-a, AST, ALT; improved the
induced by D- extract, or purified | mice 12 hrs and 1 hr | histologic changes in liver, inhibited hepatocyte apoptosis
galactosamine and polysaccharides, before injection with | and suppressed the lethality induced by D-
lipopolysaccharide®”” IP (300 mg/kg D-galactosamine/ galactosamine/lipopolysaccharide.
and 50 mg/kg) or | lipopolysaccharide No protective effect by ethanol extract (70%) and ethanol-
oral (300 mg/kg) soluble part of the water extract when treated either
intraperitoneally or orally.
Hypericum perforatum
Orcic et al., 2011 Phenolic LC-MS separated & Confirmed significant antioxidant activity by DPPH assay Antioxidant
Antioxidant activity of the | compound identified flavonoids, | (lowest ICsq of 0.52 pg/mL ) NO scavenging (6.11 pg/mL),
phenolic compounds in fractions from napthodiathrones superoxide scavenging (1.86 pug/mL), lipid peroxidation
Hypericum perforatum®’® | Hypericum and phloroglucinols | (0.0079 pg/mL) and FRAP (highest reduction capacity of
perforatum 104 mg Fe equivalents/g) assays.
Majority of the fractions had higher antioxidant activity
than the synthetic antioxidants.
Lycopene
Bahcecioglu, et al., 2010 Lycopene, 2 or 4 | High fat diet with our | Serum MDA and TNF-a levels reduced and liver GSH Antioxidant

Effect on nonalcoholic mg/kg body without lycopene, level raised (P<0.001) by lycopene.

steatohepatitis-induced by | weight Sprague-Dawley Lycopene supplements appear to reduce high-fat diet-

high-fat diet®® rats, 6 weeks induced oxidative stress in cells.

Kim, et al., 2004 Lycopene Murine bone marrow | Downregulated CD80 & CD86 & major histocompatibility Anti-inflammatory
Mechanism of action of 10 uM derived (DC) (LPS complex (MHC) molecules. Immune-

lycopene in murine bone
marrow derived dendritic

cells (DC)>*

induced DC
maturation)

Inhibition of MAPK such as ERK1/2, p38 &JNK & NF-kB
inhibited DC production of pro-inflammatory cytokine 1L-12

modulator
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study Formulation Study design Mechanism Pharmacological
Action
Phyllanthus amarus
Harikumar, et al., 2004 Phyllanthus BALB mice Increased white blood cell count, increased endogenous Antioxidant
Radioprotective effect™ | amarus antioxidant activity with a significant increase in (endogenous)
740 mg/kg & 250 glutathione. Immune-
mg/kg Reduced lipid peroxidation modulator
oral
Ravikumar, et al.,2011 P. amarus leaf Screening for In vitro, NS5B was observed to be inhibited. Antiviral
Effect on inhibiton of extract inhibitory effect of In HCV cell culture, HCV monocistronic replicon RNA and
hepatitis C virus different plant HCV H77S viral RNA were observed.
replication”> extracts against the
NS3 and NS5B
enzymes of hepatitis
C virus.
Selenium
Aboul-Soud, et al., 2011 Selenium (0.1 mg | Malathion (MTN)- Selenium with alpha-tocopherol partially protected against | Antioxidant
Effect of selenium on OS- | kg(-1) b.w) with induced oxidative MTN-induced hepatic oxidative stress and injuries. Hepatoprotective

. . - 587
induced liver injury

alpha-tocopherol
(100 mg kg(-1)
body weight, b.w.)

stress and hepatic
injuries in
experimental rats

Clarke, et al., 2010
Oleate-treated human
hepatoblastoma (C3A)
cells were used in the cell
culture method of fat

. 588
loading

Selenium
Selenite (50 nM)

Human
hepatoblastoma
(C3A) cells

Induced GPx activity (70 fold) and thioredoxin reductase
activity (2 fold)

Fat loading and severe selenium deficiency in cultured
human hepatocytes induced TGF-1 gene expression and
increased procollagen synthesis

Selenium reduced the expression of pro-inflammatory and
pro-fibrogenic cytokines.

Anti-inflammatory
Anti-fibrotic
Antioxidant
(endogenous)
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study Formulation Study design Mechanism Pharmacological
Action
Selenium
Himoto, et al., 2011 HCV-related CLD Serum Se levels: Antifibrotic
To examine selenium patients (N=52) (1) reduced significantly, and proportionately to the
deficiency associated with Some patients had severity of hepatic fibrosis. Serum albumin and zinc
insulin resistance in chronic hepatitis and concentrations were positively correlated.
hepatitis C virus-related liver cirrhosis (2) linked to serum glutathione peroxidase activities.
chronic liver disease’®® (3) inversely correlated with the homeostasis model for
assessing insulin resistance
(4) independent of HCV genotype and HCV-RNA load.

Teodor, et al., 2011 Sodium selenite Selenium effects in Selenium significantly increased GSH and GPx levels and | Antioxidant
590 protecting rat liver decreased MDA compared to group which received only Hepatoprotective

from acrylamide acrylamide.

toxicity, and on

oxidative stress.
Viezeliene, et al., 2011 1.25 mg Selenium | In vivo, protective No protective effect observed on aluminium-linked liver Antioxidant
591 per kg of body effect of selenium on | toxicity, but selenium improved glutathione-mediated Hepatoprotective

mass

mouse liver from
aluminium-induced
oxidative stress.

process of intracellular oxidative stress.

Youn, et al., 2008

To identify the molecular
target of selenium in
TRIF-dependent
signalling pathways of

TLRs>>?

Selenium
Sodium selenite
20 pM, 50 pM

RAW 264.7
macrophages &
293T human
embryonic kidney
cells

Modulated MyD88 & TRIF pathways of TLR3 & 4 (P<0.01)
Inhibited IRF3 activation (P<0.05)
Reduced inflammatory cytokine gene expression.

Anti-inflammatory
Apoptotic
Immune-
modulator
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Silybum marianum

Ahmed-Belkacem, et Silybin 75-100 uM | In vitro, Silibinin inhibits HCV genotype 1b and 2a strain JFH1 Antiviral

al.,2010™* hepatocarcinoma cell | replication in cell culture system by inhibiting polymerase | (inhibition of
line Huh7 activity. replication)

Alidoost, et al., 2006 Silymarin B-thalassemia major | Increased intracellular GSH levels of PBMC (P<0.001). Antioxidant

Effect of silymarin on 5,10,20 pg/mL patients (N=28) (endogenous)

GSH level & proliferation Controls (N=28)

of PBMC™®

Das, et al., 2012 Silibinin Ethanol induced In whole blood hemolyzate, silymarin normalised Antioxidant

The effect of Silymarin on
ethanol-induced 0S°%®

(250 mg/kg body
weight)

oxidative damage in
8- to 10-week-old
male BALB/c mice

increases in thiobarbituric acid reactive substance
(TBARS) and nitrite levels in addition to glutathione-S-
transferase (GST) activity. It also normalized decreases in
reduced glutathione (GSH) levels and activitiy of
superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR), and glutathione peroxidase (GPx).
Silymarin significantly inhibited the ability of ethanol to
raise, activity of interleukin (IL)-10, tumor necrosis factor
(TNF)-qa, y interferon (IFN-y), vascular endothelial growth
factor (VEGF)-A, and transforming growth factor (TGF)-
B1, as well as to lower IL-4 activity.

Anti-inflammatory

Ferenci, et al.,2008
Silibinin dose and
administration in non-

438
responders

5-20 mg/kg/day
IV silibinin

Dose comparison
study (N=20) in non-
responders to Peg-
IFN plus ribavirin

15 or 20 mg/kg/day IV silibinin for 14 days and 280 mg
oral silymarin three times a day combined with pegylated
interferon and ribavirin therapy from day eight. At Week
12, 7/14 patients, who had been previously classed as
non-responders, had undetectable HCV RNA.

Antiviral
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Silybum marianum

Fried, et al., 2012

Effect of silymarin on liver
disease activity in CHC

patients597

420 mg or 700 mg
of silymarin or
placebo 3 times
daily

Multicentre, double-
blind, randomised,
placebo-controlled
trial with IFN non-
responders with
chronic HCV
infection (N=154)

Higher than the usual doses of Silymarin produced no
significant reduction in serum ALT levels compared with
placebo.

Negative result

Guedj, et al., 2012

To investigate mode of

: S .. 553
action of silibinin

10, 15 or 20
mg/kg/daily
Legalon Sil (1V)

Viral kinetic modeling
in 25 patients with
HCYV infection, IFN-
non-responders

Silibinin prevented viral infection and viral production
and/or release, and dose effects were mainly on
prevention of viral production and or release.

Antiviral
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study Formulation Study design Mechanism Pharmacological
Action
Kim et al., 2012 Oral silymarin Non-alcoholic Silymarin reduced steatohepatitis, raised nuclear Anti-inflammatory

The effect of Silymarin on
hepatic stellate cells and
fibrosis in experimentially

induced-NASH>%

steatohepatitis
induced by
methionine- and
choline-deficient diet
fed to insulin-
resistant rats

translocation of nuclear factor erythroid 2-related factor 2
(Nrf2), & reduced tumor necrosis factor (TNF)-a mRNA
expression in the liver.

Antioxidant
Hepatoprotective

Polyak, et al., 2010
Identification of
hepatoprotective actions
of flavonolignans

) . 232
from silymarin 3

Silymarin
(MK-001, USP,
and Legalon)

HCVcc (Huh7,JFH-1)
T cells
Assays

Dose dependent effects:

Antiviral - prevented virus entry, fusion, and production. In
vitro and at high concentrations, prevented HCV NS5B
polymerase activity.

Antioxidant - prevented oxidative strees induced by JFH-1
virus, including compounds that lacked antiviral activity.
Immunomodulatory —in T cells, Inhibited TCR-mediated
proliferation and cytokine production.

Anti-inflammatory - Reduced TNF-a, NF-kB and
inflammatory cytokines in Huh7 and PBMC via antioxidant
stabilisation of redox pathways.

Anti-inflammatory
Antioxidant
Antiviral
Hepatoprotective
Immune-
modulator
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Table 2.8: Evidence of mechanisms of action of Hep573 interventions post-2003.

Study

Formulation

Study design

Mechanism

Pharmacological
Action

Silybum marianum

Trappoliere, et al., 2009 Silibin 25-50 yM Human hepatic Dose dependently inhibited: Antifibrotic
To examine mechanisms stellate cells (HSC) Cell proliferation induced by growth factor (P < 0.001), cell |Anti-inflammatory
that regulate silybin’s anti- motility (P < 0.001), extracellular matrix components (P < | Antioxidant
fibrogenic and anti- 0.05), IL-1-induced synthesis of MCP-1 (P < 0.01) and IL-
inflammatory action™® 8 (P'< 0.01), ERK, MEK and Raf phosphorylation, with
reduction inNHEL1 activation (Na+/H+ exchanger, P <
0.05) and IkBa phosphorylation.
Silibinin inhibited TGF-B induced de novo synthesis of
pro-collagen | (P<0.05) directly, by reducing PDGF-
induced cell proliferation, and indirectly, by de novo
reduction of TGF-8 induced synthesis of collagen type 1.
Tzeng, et al.,2012 Oral Rat model of hepatic | Decrease in plasma SGOT and SGPT, reduced fibrosis, Antifibrotic
599 administration of fibrosis induced by hepatic hydroxyproline and connective tissue growth
silymarin carbon tetrachloride | factor.
(200 mg/kg, three
times daily)
Wagoner, et al.,2010 Silymarin 40 uM In vitro, Inhibition of virus entry, fusion with liposomes, HCV RNA | Antiviral

Antiviral activity of
silym arin®®

hepatocarcinoma cell
line Huh7

and protein synthesis and reduced virus transmission.

Wallace, et al., 2008

To examine inhibitory
effect of silymarin on
oxidised low-density
lipoprotein (OxLDL), & on
monocyte adherence to
OxLDL mediated by

600
scavenger receptor

Silymarin
38,75,150, 300
uM

TBARS assay
LDL treated with
DSMO

Silibinin (300 uM) reduced OxLDL by 60%. Whole milk
thistle extract inhibited OxLDL generation by 93%
Silibinin (38-150 pM) inhibited monocyte adhesion by 77-
95%

Silymarin reduces TNF-a induced production ICAM-1 &
VCAM-1 involved in cell adhesion, and blocks the
interaction between endothelial cells and monocytes
thereby preventing the inflammatory cascade.

Anti-inflammatory
Antioxidant
Immune-
modulator
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Study Formulation Study design Mechanism Pharmacological
Action

Vitamin C
Abhilash, et al, 2012a Ascorbic acid (25 | Alcoholic guniea pigs | Ascorbic acid causes faster improvement in reduced Hepatoprotective
Effect on reduced mg/100 g glutathione content during reduction of alcohol-induced
glutathione content in the | bodyweight daily). hepatotoxicity in male guinea pigs.
regression of alcohol-
induced hepatotoxicity603
Abhilash, et al., 2012b Ascorbic acid Alcohol-induced Reduces: activity of toxicity markers and levels of Antioxidant
Effect on alcohol-induced hepatic fibrosis in products from lipid and protein peroxidation; alpha-SMA Antifibrotic
oxidative stress®®* male guinea pigs production; caspase-3 activity; and mRNA levels of

(N = 36). CYP2E1, TGF-beta(1), TNF-alpha and alpha(1)(l)

collagen in liver.

Hong, et al., 2012 Ascorbic acid Age-related Aging of hepatic stellate cells with up-regulation of PPARy | Hepatoprotective
Effect on aging of hepatic histological changes | is hastened by ascorbic acid deficiency.
stellate cells®®® in the liver, using a

senescence marker

in protein knockout

mice. These mice

are more sensitive to

apoptotic reagents

and have a shorter

life span.
Weyers, et al., 2008 Vitamin C Mice liver Pre-treatment with vitamin C reduced nmol of LOOH in Antioxidant
Examine antioxidant Roche, 200 Ciprofloxacin- liver tissue from 145415 g to 45+11 g (P<0.01)
capacity of vitamin C in mg/mL induced lipid Pre-treatment with vitamin C may promote oxidative

. . 606
mouse liver tissue

peroxidation after 15
days on vitamin C

balance in the liver.
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Study

Formulation

Study design

Mechanism

Pharmacological
Action

Vitis vinifera

Dulundu, et al., 2007

To examine ability of
grape seed extract (GSE)
to protect against
oxidative liver injury and

fibrosis®®®

Vitis vinifera
(seed) GSE

50 mg/kg for 28
days

Bile duct ligated rats

GSE reduced luminol (hydrogen peroxide, hydroxyl
radicals, lipid peroxyl radicals) (P<0.001) and lucigenin
(superoxide radical) (P<0.01), MDA (P<0.05), MPO
activity (P<0.05) and hepatic collagen content (P<0.01)
and increased hepatic GSH levels (P<0.01).

GSE protects liver (in rats) from oxidative damage after
BDL.

Antifibrotic
Antioxidant
(endogenous and
scavenging)

Zinc
Farias, et al., 2012 Daily antioxidant Evaluate the Both untreated patients and patients treated with antivirals | Antioxidant
The effect of antioxidant supplementation antioxidant status in have oxidative stress. Antioxidant supplementation may
supplementation on (vitamin E 800 the blood of HCV- reduce oxidative stress in both groups.
oxidative stress in chronic | mg, C 500 mg infected patients
hepatitis C patients®™* and zinc 40 mg) | treated or not with
for 6 months standard therapy

before and after

supplementation of

vitamins E, C and

zinc
Somi, et al., 2012 50 mg elemental Double-blind, Zn supplementation in non-alcoholic cirrhotic patients was | Hepatoprotective

To examine effects of low
dose zinc on biochemical
markers in non-alcoholic

cirrhosis®*?

Zn sulfate daily

placebo-controlled,
randomised clinical
trial (N=60 cirrhotic
patients)

able to clinically prevent deterioration of cirrhosis and
excess Cu accumulation.

Zn has metabolic effects and indicates some ability to
improve liver function, hepatic encephalopathy, and
nutritional status.

von Bulow, et al., 2007
Molecular mechanism by
which zinc affects TNF-a
production in LPS

. 613
stimulated monocytes

Zinc
45 uM

LPS activated
stimulated
monocytes

Inhibited Raf-1/IKKB/NF-kB pathway
Zinc inhibited NF-kB translocation and TNF-a production.

Anti-inflammatory
Immune-
modulator
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Summary of Evidence of Mechanisms of Action

The majority of studies pre-2003 were in vitro, as pharmacological actions
were confirmed and interest grew there was an increase in vivo (animal studies)
work post-2003.

Pre-2003 evidence (Table 2.7) illustrated the selection of interventions and
the specific mechanisms by which disease progresssion can be ameliorated in
HCV. Post-2003 evidence (Table 2.8) confirmed the original selection of
interventions.

The evidence pre-2003 showed that herbal interventions increased
glutathione. This was confirmed four-fold post-2003. Research showed the majority
of trial ingredients were antioxidants and specifically enhanced glutathione®*°: alpha
lipoic acid,>**>°*>*° Andrographis paniculata (andrographolide),>**°%***®Astragalus

membranaceus,’* Camellia sinensis (green tea, epicatechin, epigallocatechin

233,571 581

Curcuma longa (turmeric, curcumin),”** lycopene,
588,590

gallate), Phyllanthus

amarus,®* selenium
594,595,596

and Silybum marianum (milk thistle, silymarin,

silibinin), vitamin C** as well as Vitis vinifera (grape seed extract).*®

Antioxidants also prevent damage to lipids, proteins and DNA, affecting cell

proliferation, differentiation and cell survival with wide ranging anti-inflammatory

effects. 240,247,250

Post-2003 evidence now attributes antiviral activity to three phytochemical

based antioxidants (all polyphenolic compounds) used in Hep573 Study:

Phyllanthus amarus,®® Camellia sinensis, >>*°°2:2%>:>%

232,459

and Silybum marianum.
The latter two have shown inhibition of HCV entry at the fusion stage. Each of
these phytochemicals also influence lipid metabolism®**?**°% |eading to
speculation that interference with lipids may affect viral entry.**

Therefore, most interventions had multiple overlapping pharmacological
actions; the most common presentations consisted of antioxidant, antiviral, anti-

459,233,542,574,614,615,519.616 T information informed both

inflammatory and antifibrotic.
the testing hypothesis and the selection of the trial interventions.

These multiple overlapping pharmacological actions show the complexity of
phytochemical-based interventions making them particularly suitable to address the
multifactorial aspects of the pathobiology of HCV infection. (This wholism is
congruent with the naturopathic treatment protocol previously outlined (page 20).

The emerging data on intravenous antioxidants would inform future research
in terms of effective administration and dosage.
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The next chapter outlines the methods employed to test oral silymarin and
oral antioxidants in CHC patients in a randomised, double-blind, placebo-controlled

clinical trial.
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CHAPTER 3

METHODOLOGY

STUDY DESIGN

The Hep573 Study was a randomised double-blind, placebo-controlled clinical trial
testing the safety and efficacy of two different herbal medicines and/or vitamin

formulations in the treatment of patients with chronic hepatitis C.

ETHICS COMMITTEE APPROVAL

The Hep573 Study was approved by four Human Research Ethics Committees (the
three participating hospitals and the University Human Research Ethic
Committees). The corresponding approval numbers were:
(1) Hunter New England Area Research Ethics Committee: 01/02/14/3.07;
(2) University of Newcastle Human Research Ethics Committee: H-342-0602;
(3) Central Sydney Area Health Service Ethics Review Committee (RPAH
zone): X02-0071; and
(4) Sydney West Area Health Service Human Research Ethics Committee:
2003/2/4.4 (1583).

THERAPEUTIC GOODS ADMINISTRATION (TGA)

In accordance with Australian regulatory requirements for the conduct of clinical
trials, a clinical trial notification was submitted to the Therapeutic Goods
Administration, Commonwealth Department of Health, Housing, Local Government
and Community Services, Canberra, from the individual hospital sites (sponsors) as

they received Human Research Ethics Committee approval (TGA 2002/319).
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PARTICIPANT RECRUITMENT

The three participating hospital trial centres were: John Hunter, Newcastle, Royal
Prince Alfred and Westmead Hospitals, Sydney, New South Wales, Australia.
Participants in the trial were recruited from these hospital outpatient liver clinics
from July, 2003 to March, 2006 using the following series of media campaigns.
Media releases were distributed to local radio stations, local newspapers and
television stations in the hospital catchment areas. Advertisements were placed in
the Medical Observer, Australian Doctor, Sunday Telegraph (Body and Soul
Supplement), The Australian, Sydney Morning Herald, Newcastle Sun, Newcastle
Herald, Cumberland Newspaper and the Hepatitis C Council of NSW Quarterly
Magazine (Hepatitis C Review). Radio and local television interviews were
conducted on request. All advertising material was cleared for publication and
distribution by the human research ethics committees. (Appendix C includes a copy

of the approved advertising material.)
Participant Selection

The following inclusion and exclusion criteria were applied to participant
recruitment.

Inclusion criteria:

(1) able to give informed consent;

(2) aged between 18 and 75 years;

(3) hepatitis C antibody and HCV RNA positive;

(4) abnormal liver tests on at least three occasions in the past two years;

(5) prepared to stop Western and Chinese herbs, vitamins and nutritional
supplements used in the Study for the study duration and for a wash out
period of 12 weeks prior to trial entry;

(6) prepared to visit the hospital site monthly for blood tests and to complete
guestionnaires;

(7) stable on their methadone dose and less than 100 mg daily dose; and

(8) women were prepared to practice two methods of contraception during
the Study period.

Exclusion criteria:

(1) Alcohol-related liver disease;

(2) alpha 1-antitrypsin deficiency;

(3) autoimmune hepatitis;
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(4) drug-induced liver disease;

(5) haemochromatosis;

(6) hepatitis B and D;

(7) decompensated cirrhosis (Child-Pugh Score > 7);

(8) human immunodeficiency virus (HIV);

(9) non-alcoholic steatohepatitis;

(10) antiviral therapy (pegylated interferon and ribavirin) in the past six
months;

(11) platelet count <50 x 10°%/L;

(12) alcohol intake >70 grams per week;

(13) methadone >100 mg/day or unstable on methadone dose;

(14) non prescription or recreational drugs >3-4 times per week;

(15) pregnant or lactating females;

(16) potential drug-herb interactions, i.e., cyclosporin, warfarin, digoxin,
selective serotonin reuptake inhibitor (SSRI), theophylline; and

(17) normal alanine aminotransferase (ALT) levels.

The inclusion and exclusion criteria applied to the Hep573 Study were
consistent with the standard applied to pegylated interferon and ribavirin trials in
chronic hepatitis C populations® with the exception of the extended wash-out
period from herbal medicines.

Complementary medicines (apart from the trial interventions) could be taken
during the course of the Study if the participant had taken that medicine for a
condition other than liver disease continuously for the previous 12 months, for
example, glucosamine for osteoarthritis. (See Appendix D, Complementary

medicine exclusions during the Study.)

PARTICIPANT SCREENING PROCEDURES

Screening procedures of potential participants included informed consent, medical
history, a physical examination performed by a gastroenterologist/hepatologist,
general observations (height, weight, blood pressure and pulse rate) and laboratory
investigations. Screening information obtained from participants included: history of
HCYV infection, source of exposure to HCV infection, country of birth, ethnicity, past

medical treatment and complementary treatment for hepatitis C, symptoms,
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concurrent medications, caffeine intake, diet, symptoms, alcohol and other drug
intake.

The Alcohol Use Disorders Identification Test for alcohol consumption
(AUDIT-C) questionnaire®**?** was used as a screening tool to ensure that
participants were not consuming more than 70 g alcohol per week. A full drug
history including substance used, route of administration, dose and frequency,
years of using and the date the substance was last used was recorded at the
screening visit.

At this screening visit, the gastroenterologist/hepatologist specialists
assessed the severity of the hepatitis-C-related liver disease and determined
whether the potential participant should be referred for screening for pegylated
interferon and ribavirin, or whether they were suitable for the herbal Study
(Hep573).

Once entered into the Study, the participants were committed to 13 monthly
visits to the hospital. Blood (20-30ml) was collected at these appointments (Refer to
Table 3.3 which identifies the laboratory investigations taken at the screen visit,
subsequent visits and the personnel involved in the Study conduct.) The trial
participants were required to fast for 12 hours prior to all research-blood collections
on four occasions (Weeks 0, 12, 24 and 48).

A gastroenterologist/hepatologist also reviewed the participants and
conducted physical examination at Weeks 12 and 24 of treatment.

The Hep573 Study questionnaires were handed to the participants on arrival
at the hospital liver-clinic outpatient reception desk. Monthly questionnaires were
on the subject of alcohol and other drugs, caffeine intake, diet and symptoms,
lifestyle practices and concurrent medications. The HQLQ ™v1 was administered
guarterly. (Questionnaires not in the public domain, or have been amended will

appear in Appendix E, Alcohol, Drugs, Diet and Symptoms Questionnaires.)

Initial Characteristics of the Participants at Baseline

The following baseline parameters were measured on all participants: age,
gender, HCV genotype, years of infection, ALT, AST, GGT, ALP, albumin, bilirubin,
globulins, F.isoprostanes (ISO), HCV RNA viral copies, Hepascore, hyaluronic
acid (HA), FibroTest (FT), alpha-2 macroglobulin, haptoglobin, lipid profile including
cholesterol, triglycerides and apolipoprotein A1 (ApoAl); BMI, ferritin, platelets

(PIt), coagulation studies including prothrombin time (PT) and international
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normalised ratio (INR); and thyroid stimulating hormone (TSH) and white cell count

(WCC).

Interventions Administered to the Participants

Participants were randomised to the three treatment arms: 1. silymarin and

antioxidant (SOX), 2. silymarin (S) and 3. placebo (P). The full list of interventions

used in the SOX arm appear in Table 3.1 following.
Table 3.1: Full List of Hep573 silymarin and antioxidant (SOX) trial

interventions.

Hep573 SOX Trial interventions

Standardised to specified daily amount

Silybum marianum 60 grams/day (g/d)

720 mg silybin

Astragalus membranaceus 3 g/d

Andrographis paniculata 3 g/d

34.8 mg andrographolide

Camellia sinensis 4 g/d

Curcuma longa 8 g/d

280 mg curcuminoids

Eleutherococcus senticosus 3 g/d

1.2 mg syringaresinol diglucosides

Hypericum perforatum 1.5 g/d

0.8 mg hypericin

Vitis vinifera 12 g/d

80 mg procyanidins

Vitamin C 400 mg/d

calcium ascorbate 400 mg

Zinc amino acid chelate 20% 250 mg/d

elemental zinc 50 mg

Selenomethionine 40 mg/d

elemental selenium 200 mcg

Alpha lipoic acid 200 mg/d

Lycopene 80 mg/d

The silymarin was equivalent to 60 grams of Silybum marianum,
standardised to contain 720 mg silybin per day as outlined in Table 3.1. The full list
of ingredients seen in Table 3.1 was dispensed to the participants in three separate
bottles (120 tablets in each) labelled ‘Immuhep’, ‘Hepavir’ and ‘Antioxidant
compound’ from the hospital outpatient pharmacy. They were distributed across the

three formulations in the following manner.
Hepavir

e Silybum marianum (milk thistle) 70:1 seed extract (standardised) 14,000 mg;
e Andrographis paniculata (andrographis) 19:1 herb extract (standardised) 750
mg;

e Phyllanthus amarus (phyllanthus) 5:1 herb extract 750 mg; and
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e Hypericum perforatum (Saint John’s wort) 6:1 herb extract (standardised) 375

mg.

Immuhep

e Astragalus membranaceus (astragalus) 5:1 extract 750 mg;

e Eleutherococcus senticosus (Siberian ginseng) 10:1 root extract (standardised)
750 mg;

e Vitamin C as calcium ascorbate 100 mg;

e Zinc amino acid chelate 20% 62.5 mg equivalent to elemental zinc 12.5 mg;

and

e Alpha lipoic acid 50 mg.

Antioxidant Compound

e Vitis vinifera (grape) 120:1 seed extract (standardised) 3000 mg;

e Silybum marianum (milk thistle) seed 70:1 extract (standardised) 1000 mg;

e Camellia sinensis (green tea) 5.5:1 leaf extract 1000 mg;

e Curcuma longa (turmeric) 25:1 rhizome extract (standardised) 2000 mg;

e Lycopene 5% 100 mg equivalent to 20 mg (tablet grade); and

e Selenomethionine 10 mg equivalent to elemental selenium 50 mcg.

Table 3.2 following shows how the participants’ dose was titrated over the

first week of administration so that by Day 7, the participants in the SOX arm were

receiving the specified total daily amount of the ingredients outlined in Table 3.1.

Table 3.2: Titration of the Hep573 Study dose over first Week of
administration.

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Morning Morning Morning Morning Morning Morning Morning

1 x Hepavir | 1 x Hepavir | 1 x Hepavir | 2 X Hepavir | 2 x Hepavir | 2 x Hepavir | 2 x Hepavir
1x 1x 1x 2 X 2 X 2Xx 2 X
Immuhep Immuhep Immuhep Immuhep Immuhep Immuhep Immnhep
1x 1x 1x 2 X 2 X 2Xx 2 X
Antioxid Antioxid Antioxid Antioxid Antioxid Antioxid Antioxid
Night Night Night Night Night Night Night

1 x Hepavir | 1 x Hepavir | 1 x Hepavir | 1 x Hepavir | 1 x Hepavir | 1 x Hepavir | 2 x Hepavir
1x 1x 1x 1x 1x 1x 2 X
Immuhep Immuhep Immuhep Immuhep Immuhep Immuhep Immuhep
1x 1x 1x 1x 1x 1x 2 X
Antioxid Antioxid Antioxid Antioxid Antioxid Antioxid Antioxid

By the end of Week 1, participants were taking two tablets twice daily with

meals from each of the three containers, i.e., a total of 12 tablets daily.
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STUDY DURATION

The Study duration was 48 weeks, comprised of a 24-week treatment-period and a 24-week, follow-up period post-treatment. A 12-week
wash-out period from specified herbs and vitamins (see Appendix D) was required prior to trial entry. The schedule of participant
procedures required at each hospital visit, identified personnel and timeframes are outlined in Table 3.3.

Table 3.3: Hep573 timeline and events schedule.

Study Personnel Screen | WKk | Wk | Wk | Wk | Wk | Wk | Wk | Wk |Wk | Wk | Wk | Wk | Wk
GP, N, PH, SC, SS 0 4 8 12 |16 |20 |24 |28 |32 |36 |40 |44 |48
Rx1 | Rx2 | Rx3 | Rx4 | Rx5 | Rx6 | FU1 | FU2 | FU3 | FU4 | FU5 | FU6

Informed consent (N, SC, SS)

Medical History (N,GP,SS)

Physical examination (SS)

General Observations — BP, PR, Wt (N,SC,SS)

HIV/HBV/HCV Serology

PCR HCV RNA genotype

PCR HCV RNA Qualitative Test

PCR HCV RNA Quantitative Test

Pregnancy Test (B-HCG)

Haematology, including full blood count (FBC)

Liver function test (LFT)

Urea, creatinine and electrolytes

Prothrombin time/INR

Haematinics/ ferritin

Thyroid function (TSH,T4)

Serum lipids:HDL, LDL & total cholesterol,
Triglycerides & Apolipoprotein Al

Oxidative stress marker: F,.isoprostanes (ISO),
malondialdehyde (MDA
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Table 3.3: Hep573 timeline and events schedule.

Study Personnel
GP, N, PH, SC, SS

Antioxidant activity: glutathione (GSH),
total lipid soluble antioxidant assay

Rx2 | Rx3 | Rx4

Rx5 | Rx6 | FU1

Fibrosis markers: haptoglobin, alpha 2
macroglobulin, hyaluranon

Dispense study medications (PH)

Record study medication compliance (N, PH, SC)

Record adverse events (GP, N, SC, SS)

Record concurrent medications (GP, N, SC, SS)

Record alcohol intake (N, SC, SS)

Diet and Symptom questionnaire

Caffeine intake questionnaire

HQLQTM

Key:

Wk = Study week,

Rx = active treatment or placebo treatment,
FU = follow-up period,

GP = general practitioner,

N = hepatitis C nurse consultant,

P = Clinical trials pharmacist,

SC = Study Coordinator,

SS = Staff specialist,

HQLQ™ = QualityMetric™ Hepatitis Quality of Life Questionnaire

= activity performed
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METHODS USED TO VERIFY AND QUANTIFY THE TRIAL INTERVENTIONS

The ingredients were verified and authenticated at input by thin layer
chromatography (TLC) and high performance liquid chromatography (HPLC), which
was the TGA standard at the commencement of the Hep573 Study. In addition
ultra-violet and visible spectroscopy (UV/VIS) was utilised. All three techniques
were important in the quality control of the Hep573 trial interventions.

TLC, a chromatographic technique used for separating organic compounds

and checking the purity of products,®”®'®

was used for plant identification. HPLC
was used to determine the authenticity of raw material supplied against a reference
sample (herbarium specimen or Pharmacopoeiac standard) and to quantify the
standardised ingredients. UV/VIS was used to determine the presence of certain
compounds by their colour (light absorption), wavelength and frequency.

The results from these chemical analyses are recorded on a certificate of
analysis (C of A) that is supplied by the manufacturer to confirm authenticity and
the quantity of the known standardised ingredient with specified lower and upper
limits of the listed substance. The source of the raw material and the certificate of
analysis from the manufacturer for all the Hep573 trial interventions were as
follows:

Alpha lipoic acid was sourced by Trans Chem Pty Ltd (Sydney, Australia)
and manufactured by Newsmart (Shanghai) International Trading (China) (Batch
Number 020428). The content of alpha lipoic acid was confirmed by HPLC to be
99.9%.

Andrographis paniculata (andrographis) (Powdered extract, P.E. 19:1).
The dried leaf, plant extract was supplied by Pathway International Pty Ltd
(Sydney, Australia) and manufactured by Natural Remedies (Bangalore, India)
(Batch number AP/02007). Phytochemical analysis confirmed the presence of
andrographolide (20.8% w/w) and total andrographolides (27.8% w/w) respectively.
The autoscaled chromatogram documented andrographolide (RT 25.299, Area
2404933, Height 169532, Amount 0.205, 20.53%). The lower limit for
andrographolide is 20% w/w and the upper limit is 24% wi/w.

Astragalus membranaceus (astragalus) (P.E. 5:1). The plant extract was
sourced from R & T Australia Pty Ltd (Sydney, Australia) and manufactured by CZ.
Medipro Botanical Laboratories Pty (Changzhou, China) (Batch number CZI-
0909AME). While the active ingredient is recorded as polysaccharides, this was not
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guantified. The solvent used for the extraction of the plant material was 75% (v/v)
ethanol and the excipient was 20% maltodextrin.

Camellia sinensis (green tea) (P.E. 5.5:1). The dried leaf of the powdered
plant extract was supplied by Trans Chem Pty Ltd (Sydney, Australia) and
manufactured by Flachsmann (Wadenswill, Switzerland) in two batches (Batch
number 3028871, 3003556). The extraction medium was 80% (m/m) ethanol and
0.0025% (m/m) ascorbic acid in a carrier of 0-20% maltodextrin USP. The
polyphenol content calculated as epicatechin by HPLC (lower limit 47.5, upper limit
52.5) was 51.3% w/w in the first batch (3028871) and 48.4% wi/w in the second
batch (3003556). The polyphenol content calculated as caffeine by HPLC (lower
limit 5 and upper limit 10) was 7.7% w/w in the first batch (3028871) and 7.37%
w/w in the second batch (3003556).

Curcuma longa (turmeric) (P.E. 25:1). The rhizome extract was supplied by
Pathway International Pty Ltd (Sydney, Australia) and manufactured by Natural
Remedies (Bangalore, India) (Batch number CL/02001). The HPLC testing
revealed that the turmeric rhizome extract contained 93.7% w/w total curcuminoids.
The specific curcuminoids tested were curcumin (RT 13.705, Area 9913181,
17.65%), demethoxycurcumin (RT 14.400, Area 2763557, 4.92%) and bis-
demethoxycurcumin (RT 15.042, Area 1415379, 2.42%).

Eleutherococcus senticosus (Siberian ginseng) (P.E. 10:1). The
standardised root extract was sourced from Pathway International Pty Ltd (Sydney,
Australia) and manufactured by Indena (Tours, France) (Batch number 20005). The
HPLC analysis of the dried extract confirmed the presence of eleutheroside E at the
following levels: (RT 11.380, Area 9115660, Height 639852, 1.08%). The lower and
upper limits for eleutheroside E are 0.5% and 0.68% respectively.

Hypericum perforatum (Saint John’s wort) (P.E. 6:1).The dried aerial parts
extract was sourced from Trans Chem Pty Ltd (Sydney, Australia) and
manufactured by Phytopharm, Kleka SA (Nowe Miastro N. Warta, Poland) (Batch
number 010399). The total hypericins calculated as hypericin by UV/VIS was
0.38% (lower limit 0.30 and upper limit 0.36).

Lycopene 5% was supplied and manufactured by Roche Vitamins Australia
Pty Ltd (Batch number UT02101028). The certificate of analysis (C of A) provided
by Roche reported that the lycopene content was 5.6% w/w. The lycopene content

of 5.6% w/w was confirmed by Tabco in their C of A.
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Phyllanthus amarus (phyllanthus) (P.E. 5:1).The whole plant extract was
sourced from Pathway International Pty Ltd (Sydney, Australia), manufactured by
Natural Remedies (Bangalore, India) (Batch Number PA01002). The total
phyllanthin and hypophyllanthin by HPLC was 1.01% w/w. The lower limit for both
is 1.0.

Selenomethionine > 1.25%. This was supplied by Trans Chem Pty Ltd
(Sydney, Australia) and manufactured by Sabinsa Corporation (New Jersey, USA)
(Batch number: U21912081). UV maxima of selenomethionine was 220nm (lower
limit), the elemental selenium in selenomethionine was 074 ppm.

Silybum marianum (milk thistle) (P.E. 70:1). The plant extract of the seeds
used to produce the Phytomedicine Silymarin 15000 supplied for the trial was
manufactured by the Italian company, Indena, purchased from their Australian
distributor, Pathyway International Pty Ltd. The tablet manufacturer, Tabco,
standardised the product Silymarin 15000, to contain 80-88% silymarin according
to the product specification.

Five different batches of the Indena milk thistle powdered extract were used
in the production of the milk thistle product used in the trial (Batch numbers:
27405/M5, 27691/M4 (x2), 27691/M1, 2786/M5 and 28503/M2 (x2)).

There were seven separate lot numbers assigned to the raw material of the
seeds of Silybum marianum as it was formulated into the two separate treatment
arms (identified above) and required for replacement stock. The lot number 23986
(BN: 27405/M5) of Silybum marianum P.E. 70:1 tested by UV/VIS detected a
silymarin content calculated as silybin of 82.6 mg (lower limit 80 mg and upper limit
88 mg). Lot number 24143 (BN: 27691/M4) contained a silymarin content of 80.1
mg. Lot number 24235 (BN: 27691/M4) was 82.1 mg silybin. Lot number 24342
(BN: 27691/M1) contained 85.8 mg silybin. Lot number 24593 (BN: 2786/M5)
revealed a silymarin content calculated as silybin of 89.7 mg. The latter was just
above the upper limit and was used as replacement stock during the Study. Lot
number 27802 (BN: 28503/M2) revealed that the silymarin content of 86.3 mg and
lot number 27951 (BN: 28503/M2) of 85.6mg silybin.

According to the overlay fingerprint report provided by Pathway International
for Lot number 24593, the peaks for the following constituents became visible at
identified minutes: silychristin 20.900, silybin A 28.511, silybin B 29.464, isosilybin
A 31.299 and isosilybin 30.211.
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The Study dose administered to both the silymarin only arm (Group 2) and
the silymarin and antioxidants arm (Group 3) was 857 mg of a 70:1 Silybum
marianum extract of the seed standardised to contain, on average, 720 mg silybin
daily. The specific composition of the silymarin content was not further investigated
or documented.

Vitamin C (calcium ascorbate). This was supplied and manufactured by
Roche Vitamins Australia Pty Ltd. The certificate of analysis was missing from the
documentation and numerous requests to Phytomedicine Pty Ltd to secure this
certificate of analysis failed. The HPLC fingerprint 340nm for the finished product
(Immuhep) identified the vitamin C content as 112.2 mg per tablet (lower limit 106.4
and upper limit 123.6 mg).%"

Vitis vinifera (grape) (P.E. 120:1). The seed of Vitis vinifera was sourced
from Phytamedica Laboratories P/L (Sydney, Australia) and manufactured by
Indena (Batch number P00280). HPLC testing revealed that the content of
procyanidins in grape seed extract was 83.6% w/w. The seed was also sourced
from R & T (Australia) Pty Ltd and manufactured by C.Z. Medipro-Botanical
Laboratories Pty (Changzhou, China) Batch number:20020508. The HPLC testing
revealed that the procyanidins were 83.7% w/w (lower limit 76.5 and upper limit
93.5).

Zinc amino acid chelate 20%. This was supplied by Trans Chem Pty Ltd
(Sydney, Australia) and manufactured by Kelatron Corporation (Utah, USA) (Batch
number G301201). The C of A from Kelatron reported the zinc content as 19.9%
(lower limit 19.0 and upper limit 21%). Tabco’s C of A specified the elemental zinc

by amino acid assay as 20.4% (lower limit 19.5 and upper limit 21.0).
Stability and Verification of Trial Interventions

The issue of stability of trial preparations and verification of the standardised
components is of crucial importance in determining the efficacy or otherwise of all
CAM preparations. All the raw ingredients for the trial formulations for Hep573 were
sourced by Phytomedicine Pty Ltd and manufactured by Tabco, TGA Licence
31683. Tabco has since closed down but had an excellent reputation as a tablet
manufacturer, and was certified by the Australian Therapeutic Goods
Administration to manufacture therapeutic goods under Good Manufacturing
Practice standards.

Stability testing of Phytomedicine Silymarin 15000 and Phytomedicine

Antioxidant compound had been commenced but not completed. The Study
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Coordinator requested verification of stability and was only provided with
certificates of analysis based on the physical characteristics of the tablets. The
tablets provided by Phytomedicine Pty Ltd were found to maintain their integrity
over the duration of the study as evidenced by physical examination showing no
deterioration of the tablets during the Study. However, since the tablets contained
standardised powdered extracts that are generally quite stable for a number of
years, it can be assumed the level of active compounds did not significantly
deteriorate over the course of the Study period.

Phytomedicine Pty Ltd developed placebo and active tablet formulations
which were identical. The ingredients used in the placebo tablets were as follows:
Calcium hydrogen phosphate, cellulose microcyrstalline, sodium starch glycollate,
magnesium stearate, hypromellose, coating colour. The placebo ingredients were
the same for each tablet, with the exception of the coating colour which was
product dependent. The tablets were coated using a coloured blackout film based
on a hypromellose solution. The tablet colour was matched to the active tablet
colour for each product. This blackout coat imparted a neutral taste to the tablet
when swallowed.

The coating of the silymarin needed to be redone as the size of the tablet
did not match the other trial formulations. Following instructions from the Study
Coordinator, Phytomedicine Pty Ltd double-coated the silymarin tablets again so
the tablets were identical in colour and size. The extra coating is unlikely to have
affected bioavailability as it was designed to be easily digested in the stomach

preparing for the release of the herbal material in the small intestine.

STUDY CONDUCT, OUTCOME MEASURES AND STATISTICAL ANALYSIS

This section outlines the sample size calculation, randomisation, participant
accountability, safety, dose compliance, primary and secondary outcome measures

and statistical analyses.
Sample Size Calculation

A sample size of 57 per arm was calculated to have 80% power to detect a
significant increase in the ALT normalisation rate from 12% in the control group to
=236% in the treated group (continuity corrected chi-square test, two tailed, 5%

significance level). If a drop-out rate of 20% is assumed, a total of 72 participants
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were required per arm. It was expected 10 subjects would be recruited each month
with a total sample of 216 participants.

Randomisation Method

Participants were randomised to treatment in blocks of six. In every six
participants, two were allocated at random to the placebo group, two to silymarin
and two to the SOX group. This randomisation method was designed by Adrienne
Kirby from the National Health and Medical Research Centre (NHMRC) Clinical
Trials Centre at the University of Sydney. Thirty nine participants were randomised
to both the placebo and SOX group, and 40 patrticipants to the silymarin group.

Participant Accountability

One part of the CONSORT Guidelines 2001°?° for reporting randomised
trials is a participant flowchart that tracks the flow of all participants throughout the
Study. Accordingly,

Figure 4.1 Hep573 Study Participant Flowchart (Chapter 4 Results), represents the
numbers screened, enrolled, randomised to each treatment arm and lost in
between each of these steps, the numbers completing both the treatment and
follow-up phases of the treatment arms, the reasons for stopping therapy, and the

numbers lost to follow-up.
Intention-to-Treat

Response to treatment was assessed on an intention-to-treat basis.
Analysis of Safety Endpoints

Toxicity and safety data were summarised at each Study visit by treatment
received. Therapy-related adverse events were reported to the relevant human

research ethics committees and the Therapeutic Goods Administration.
Independent Safety Review

An independent safety review was conducted by Professor lan Whyte,
Pharmacology Department, University of Newcastle in 2006 on all the blinded data,
non-serious and serious adverse-event reports. He recommended to the lead
Human Research Ethics Committee (Hunter New England Area Health Service)

that the trial be continued.
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Compliance

Dose compliance (number of tablets remaining) was measured by tablet
count of the returns at each visit by the hepatitis C nurse consultants or the Study
Coordinator at each of the hospital sites as well as by audits of hospital pharmacy
records. The hospital pharmacy record was seen as the primary source document
for the calculation of dose/tablet compliance. Where there were missing data, the
information on dose compliance in the case-report form-folders, or the hospital
medical record was used.

Compliance to the Study protocol was monitored at each monthly visit by
documenting alcohol intake, concurrent medications and CAM use. In the event of

a Study protocol violation, the participant was discontinued.

OUTCOME MEASURES

Statistical Analyses of the Outcome Measures

Karen Byth (PhD, DIC, C Stat RSS, Biomedical Statistician at Westmead
Millennium Institute, NHMRC Clinical Trials Centre, University of Sydney)
conducted all statistical analyses of the outcome measures in the Hep573 Study in

consultation with the Study Coordinator.
Primary Outcome Measure

The primary endpoint and efficacy measurement was the proportion of
participants who had ALT normalisation from baseline to Week 24. Chi-squared or
Fisher's exact test®” (as appropriate) were used to test for differences in the
proportions. ALT normalisation was defined as a single ALT reading within the

normal laboratory range during the treatment period of 24 weeks.
Secondary Outcome Measures

Secondary outcome measures included the change over time in: ALT, HCV
RNA Viral Load (VL), plasma F,.isoprostanes (1ISO), glutathione (GSH) and fibrosis
markers (Fibrotest, Hepascore) (FM) and QOL. The statistical packages SPSS
Version 17 (SPSS Inc, Chicago, IL) and S_PLUS Version 8 (Insightful Corp.,
Seattle, Washington) were used to analyse the data. The Medical Outcomes Trust
Hepatitis Quality of Life Questionnaire (HQLQ™) (QualityMetric™, Version 1, 1999)
were analysed at Weeks 0, 12, 24, 36 and 48 according to published
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guidelines®%936%3

and their scoring software. The change in HQLQ™v1 was the
difference from baseline at Weeks 24 and Weeks 48.

Table 3.4 shows both the schedule for the Hep573 Study primary and
secondary outcome measures.

Table 3.4: Schedule for the Hep573 Study outcome measures.

ACTIVE FOLLOW UP
Week 0 4 8 12 16 20 24 28 32 36 48
ALT N ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4 ¢
ISO * < <
VL ¢ ¢ ¢
GSH ¢ ¢ ¢ ¢
HQLQ™ | & ¢ ¢ 4 ¢
FM ¢ * ¢ *
Key:
ALT = alanine aminotransferase
ISO = F,.isoprostanes
VL = HCV RNA Viral Load (Quantitative)
GSH = Glutathione
HQLQ™ = QualityMetric™ Hepatitis Quality of Life Questionnaire
FM = Fibrosis markers, FibroTest, Hepascore and hyaluronic acid

The ALT, F,.isoprostanes, HCV RNA viral load and hyaluronic acid values
were log transformed to approximate normality prior to statistical analysis. Linear
Mixed Effects Models (LMEs) were used to investigate differences between groups
in the within patient changes observed over time. These models take account of the
correlation between repeated measurements on the same patient. Two-tailed tests
with a significance level of 5% were used throughout. In the models, treatment was
considered as a fixed effect, time as either a fixed factor or covariate, with
participant identifier and time as random effects. The time-by-treatment interaction
term in the models, tests for differences between groups in the within participant
changes. Absolute changes from baseline on the log scale were back transformed
and reported in the text as percentage changes from baseline. The FibroTest and
Hepascore values did not require log transformation and, along with HQLQ™v1,
were analysed as actual changes from baseline.

Spearman’s Rank Correlation was used to quantify the extent of association
between within participant changes, in the secondary outcome measures, in ALT,
HCV RNA or FibroTest and the within participant change in F,.isoprostanes from
Weeks 0-24.

The terms ‘within participant change’ and “homogeneity (interaction) are

now defined:
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e Within participant change represents the change in a particular participant’s
score/outcome from one time point to another time point, i.e., change is
measured within groups of participants by taking repeated measurements of
an independent variable under different conditions. Therefore, every
participant acts as their own control for individual difference, and fewer
participants are needed for collecting the data required.®*

e Homogeneity (interaction) represents the participant change from one time
point to another and quantifies the effect of time. By testing whether this
effect differs between treatment groups, this essentially tests for an
interaction between the effects of time and treatment on the outcome of

interest.

The baseline scores (mean plus standard error) across all treatment groups
from the HQLQ™v1 data from the Study were compared to the SF-36 age and sex
adjusted Australian healthy population norms from the Australian Bureau of
Statistics (ABS) National Health Survey for the Australian and NSW populations
and for people with one serious medical condition. These comparisons were made
to ascertain the level of impairment in QOL related to chronic hepatitis C infection in
the Study participants.

Linear Mixed Effects models (LMEs) were used to examine the within
participant changes over time in the five symptoms clusters (neuropsychiatric,
neurological, gastrointestinal, algesic and general) and to test for associations
between these changes and treatment.

One way ANOVA or the nonparametric equivalent Kruskal-Wallis Test, as
appropriate, was used to test for differences in the distribution of continuous
outcomes by treatment in caffeine and alcohol consumption.

McNemar tests were used to assess within participant changes in
dichotomous (yes/no) outcomes (diet and symptoms). Wilcoxon tests were used to
assess the significance of within participant changes from baseline for diet or

symptom severity at 24 and 48 Weeks.
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RESEARCH BLOODS AND OUTCOME MEASURES

Alanine Aminotransferase (ALT)

The normal reference ranges for ALT varied across the three hospitals. At
John Hunter Hospital, the normal reference range for ALT was 0-40 U/L, at Royal
Prince Alfred Hospital (5-55 U/L) and at Westmead Hospital (10-47 U/L, men) and
(7-33 U/L, women). However, as the analyses examined the individual's response
to treatment, the impact on the outcome of normalisation of varying ALT levels was
considered negligible.

HCV RNA Viral Load (Quantitative)

The polymerase chain reaction (PCR) HCV RNA Quantitative samples were
analysed in three batches by the South Eastern Area Laboratory Services (SEALS)
at Prince of Wales Hospital by Professor Bill Rawlinson and colleagues. The
method used was the Bayer Versant HCV RNA 3.0bDNA assay with a specificity of
99.5% and a cut-off of 3200 viral copies per ml. These samples were analysed in
batches from 2004 to 2007.

F..Isoprostanes

F..isoprostanes blood collection method.

The blood collection, processing and storage protocol for the F,.
isoprostanes was provided by Dr Manohar Garg and Richard Blake at the
University of Newcastle and is reported below.

The Study Coordinator (the researcher) preweighed 4 mg of reduced
glutathione and prepared the cryogenic tube with butylated hydroxytoluene (BHT)
according to the protocol. She delivered the prepared isoprostane tubes to the
three participating hospital sites on the morning of the blood collection where it was
stored at 4 degrees Celsius until immediately prior to blood collection.

Immediately after blood collection, the preweighed reduced glutathione
(GSH, 4 mg) was added to a chilled 4 ml plasma EDTA tube by tapping the powder
into the whole blood. The tube was recapped and mixed by inverting, and the
EDTA tube was then kept on ice. The eppendorf tube was kept for reweighing after
the powder had been removed.

Plasma samples were centrifuged at 4800 rpm for 10 minutes at 4 degrees
Celsius; then 1.1 ml of the EDTA plasma containing the reduced glutathione was
added into 9 pL of BHT already present in the cryogenic tube. A Gilson pipette was
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used to remove 1 ml and then 100 pL of plasma was added to make the total
volume of 1.1 ml (mentioned above).

The F,-isoprostane samples were stored at -80 degrees Celsius until they
were shipped to Perth for analysis. Specimens were taken three times during the
24 Week treatment-period at baseline, Week 12 and Week 24. The three samples
per participant were processed together to reduce batch-to-batch variation in the
analysis.

A Beckman Coulter GS-15R centrifuge at Storr Liver Unit Hepatitis
Laboratory at Westmead Hospital was used to spin all research blood samples at
that site. The technician at the Royal Prince Alfred Hospital site processed the
research bloods except when on leave. The Study Coordinator completed the task
at this site at those times. Hunter Area Pathology Services staff processed these
samples at the John Hunter Hospital site (JHH).

A variation to the above blood collection protocol occurred at JHH because
this was the only site without an allocated laboratory within the Gastroenterology
Department. This presented a problem regarding the immediate inclusion of the
reduced glutathione powder into the chilled EDTA for the F,.isoprostanes analysis
and an occupational health and safety issue as JHH would not permit the transfer
of the reduced glutathione at the blood collection station.

The Study Coordinator canvassed the manufacturer of the EDTA tubes (BD
Vacutainers) to determine whether reduced glutathione could be added into the
EDTA tubes and then vacuum sealed prior to blood collection. However, as there
were potential risks to the participant with this alternative, this was immediately
discounted. The Study Coordinator negotiated to place the EDTA tube into a glove
and immediately positioned it on ice. She immediately took the sample to the
Hunter Area Pathology Services (HAPS) laboratory so the reduced glutathione
could be incorporated into the blood within two minutes of collection by HAPS-
designated personnel. If the HAPS staff member was held up, the Study
Coordinator ensured the powder was included into the blood in a timely manner.

The L-glutathione (reduced) minimum 98% powder was purchased from
Sigma-Aldrich Laboratories, and received 11 September, 2003 (G4251-5G
033K1528 EC 200-725-4). A new reduced glutathione batch was purchased due to
a cool storage malfunction because the storage requirement of 2-8 degrees Celsius
could not be guaranteed. The L-glutathione (reduced), minimum 99% powder was
purchased from Sigma-Aldrich Laboratories, and received 5 April, 2005 (G4251-5G
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114KO571 EC 200-725-4). As all other parameters were identical, the 1% variation
among the batches was not ideal, but considered negligible. The BHT was
purchased from Sigma-Aldrich (Batch number 123K0041) and the stock prepared
every 10 weeks.

The method for the analysis of F,isopostanes.
The accepted ‘gold standard’ for analysis of isoprostane samples is mass
spectrometry and gas chromatography used by Dr Trevor Mori and his colleagues

from the University of Western Australia.****%*

They analysed the F;.isoprostanes
for the Hep573 Study population. The F,.isoprostanes were measured using a
method previously published®® with minor modifications. In brief, 15-F4-IsoP-d,
and 8-F,-IsoP-d, (5ng) were added as internal standards to plasma (250 pl).
Samples were purified by chromatography on a Certify Il column (Varian), derived
to the trimethylsilyl, pentaflurobenzyesters and analysed by gas chromatography-
mass spectrometry on an Agilent 6890 gas chromatograph coupled to Agilent 5973
mass-selective detector using electron capture negative ionisation. F,.isoprostanes
were detected by SIM monitoring m/z 569 and m/z 573 for 15-F,-IsoP, and 15-Fy-

IsoP-d, and 8-F,-IsoP-d,, respectively.
Whole Blood Glutathione

Samples to assay for whole blood glutathione were collected at baseline,
Week 12, Week 24 and Week 48. The method for the collection of the whole blood
glutathione was provided by Dr Priyanka Bandara, Storr Liver Unit, Westmead
Hospital in September, 2002. Metaphosphoric acid (MPA) crystals (7.2 g ) were
dissolved in 10 ml (total volume) of sterile water to make the MPA stock.

On the morning of blood collection, 160 uL of MPA stock was added to 640
uL of sterile water and placed into an eppendorf tube and mixed by inverting the
tube several times. This was stored at 4 degrees Celsius until blood collection.

Within five minutes of blood collection, 200 pL of whole blood from a chilled
10 ml plasma EDTA tube was added to the MPA-treated eppendorf tube, producing
1 ml total volume. This was stored on ice for 10 minutes before centrifuging. After
10 minutes, the sample was centrifuged at maximum speed, (1300 rpm) for two
minutes. The supernatant was removed from the MPA-treated tube into a fresh

tube and stored at -80 degrees Celsius. The remaining pellet was discarded.
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The metaphosphoric acid (MPA) crystals (239275) were purchased through
Sigma-Aldrich laboratories (batch numbers 01816DA, 04316BE, 06923JC).
The MPA stock was freshly prepared at 10-12 week intervals. Originally, the stock
was made every three months until the consistency of the stock changed (white
when previously clear). The technician at RPAH Gastroenterology and Liver Centre
advised the viability is best if new MPA stock is prepared every 10 weeks. In 2005,
this protocol was identified, the stock preparation protocol was amended, and a
new MPA batch was purchased at Westmead Hospital.

The Study Coordinator prepared the tubes, centrifuged the research bloods
at Westmead Hospital in the Storr Liver Unit Hepatology laboratory and performed

this task when the technician from Royal Prince Alfred Hospital was on leave.

Fibrosis markers

Despite recognised limitations,®*®

two composite fibrosis markers were used
in this Study: FibroTest and Hepascore. The frozen serum samples were shipped
to PathWest Laboratory Medicine, Department of Health, Government of Western
Australia, Perth, Australia (formerly the Faculty of Medicine, Dentistry and Health
Sciences (Meddent), University of Western Australia) and analysed using the
following methods.

Hepascore.

The calculation to determine Hepascore values was as follows: Hepascore =
y/ (1+y) with y = exp(-4.185818 - (0.0249 x age) + (0.7464 x 1 if male, O if female
gender) + (1.0039 x a2 macroglobulin) + (0.0302 x hyaluronate) = (0.0691 x
bilirubin) — (0.0012 x y-glutamyl transferase).****

Alpha-2 macroglobulin was measured by nephelometry (BN II; Dade-
Behring, Marburg, Germany). Hyaluronic acid was measured by an enzyme-linked
protein binding assay, on a 96-well microplate colorimetic reader (Corgenix Inc,
Denver, Colorado, USA).***

PathWest Laboratory Medicine in-house analytical coefficients of variation
(CVs) were 2.8% at a a2-macroglobulin concentration of 2.5 g/L, 3.5% at a
hyaluronic acid concentration of 50 pg/L, 1.7% at a bilirubin concentration of 16
umol/L and 2.7% at a GGT activity of 33 U/L.**

FibroTest.

As this is a patented model, there are no details of the model reproduced in the

433
L.,

literature. However as directed by Bourliere, et a the following FibroTest formula
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is outlined on the US Patents Office website (http://www.uspto.gov Patent number
6,631,330). For transparency of the model used in this thesis only and for no wider
distribution, it appears below:

Logistic function of 5 markers and age and sex: 4.467 .times. LogAlpha-2
macroglobulin (g/l) - 1.357 .times. LogHaptoglobin (g/l) + 1.017 .times.
LogGGT (IU/1) + 0.0281 .times. Age (in years) + 1.737 .times. LogBilirubin
(umol/l) -1.184 .times. ApoAl (g/l) + 0.301 .times. Sex (female = 0, male = 1) -
5.540. ND: Not determined R.sup.2 = R squared.®*’

Haptoglobin and apolipoprotein A1 were measured by nephelometry

3%) and ap-macroglobulin was measured as described

(Immage; Beckman Coulter
above. Bilirubin and gamma glutamyltransferase were measured on an automated
analyser (Hitachi 917.°%%)

PathWest Laboratory Medicine in-house analytical coefficients of variation
(CVs) were 5.6% at a haptoglobin concentration of 0.69 g/L, 3.7% at a haptoglobin
concentration of 1.27 g/L, 4.6% at an apolipoprotein concentration of 0.79 g/L and
5.8% at a concentration of 2.64 g/L (Rossi E, email communication, 2010). The
other inhouse analytical CVs for the other biochemical analytes are described
above in the Hepascore method.

The FibroTest score was calculated by entering the participant’s age, sex
and results for the biochemical analytes of haptoglobin, a2-macroglobulin,
apolipoprotein A1, y-glutamyltransferase and total bilirubin into the algorithm

published in the patent.**

QUESTIONNAIRES

Hepatitis Quality of Life Questionnaire (HQLQ™)

Permission was granted from QualityMetric ™ Incorporated for the Hep573 Study to
use Hepatitis Quality of Life Questionnaire (HQLQ ™), Version 1, 1999. The
guestionnaire was interpreted according to the Medical Outcomes Trust
Guidelines®?93°23

The Hep573 Study administered the validated (HQLQ ™°* as used by
1%

and accompanying software scoring program.
Ware, et al.,”™ at baseline, 12 and 24 Weeks during treatment and at 12 and 24
Weeks post-treatment to assess changes in QOL during the Study. While this
guestionnaire has been validated for monthly information retrieval, the researchers

decided to reduce the demands on the participants in the Study and collect the
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information every three months on the understanding the participants would
complete it on the basis of their QOL in the preceding month. (It is noted one of the
originators of the SF-36 used the HQLQ™ according to the above timeframe in a
validation study in a chronic hepatitis C population.®)

The raw HQLQ™ data from the 118 participants at the five measured
timepoints (Weeks 0, 12, 24, 36 and 48) were entered into a Microsoft Office Excel
2007 spreadsheet and imported into the QualityMetric™ HQLQ™ Scoring Program.
The hepatitis-specific questions were scored according to QualityMetric™
algorithms. The raw score was transformed to a 0 to 100 scale, with 100
representing the most favourable score in each of the following four items: least
amount of health distress, highest level of psychological well-being, least amount of
hepatitis-specific limitations and least amount of hepatitis-related health distress.
The positive well being scores were reversed, so that a low score for any outcome
was considered poor QOL and a high score improved quality of life. (The summary

measures of PCS and MCS have been described in Chapter 2.)
Diet and Symptoms Questionnaire

Dr Tim Sladden kindly gave permission for the Hep573 Study to use a
guestionnaire he had designed for the original CH100 study conducted in 1996-
1998.°%° The extent of information about diet, physical and emotional symptoms
experienced by hepatitis C patients was included as this information was
considered complementary to the Hepatitis Quality of Life Questionnaire v1.%2%>%
The data collected in the symptoms questionnaire were analysed using
nonparametric tests: the McNemar Test for prevalence and frequency and the
Wilcoxon Signed Ranks test for the severity associated with the diet or symptom.
Given the enormous amount of data, the 34 symptoms were grouped according to

Australian symptom-clustering data in chronic hepatitis C patients*®®

categories of
neuropsychiatric, algesic and gastrointestinal symptom clusters. Two additional
categories of symptom-clustering, neurological and general-symptom clustering
emerged from a review of the 34 listed symptoms in the Study diet and symptoms
guestionnaire. A linear mixed effects model was then used to analyse the within
participant change in symptom-clustering over time in the Hep573 Study
participants.

The diet questionnaire included 20 food items which were condensed into
five categories. Three categories: protein, fat and carbohydrate were generated

using the Food Standards Australia New Zealand (FSANZ) Nutrient Tables
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(NUTTAB) 2010 online searchable database. Each food item was mapped against
the NUTTAB database for protein, fat and carbohydrate content per 100 grams.
The maximum content of these three components determined the food group for
the item in the diet questionnaire. Honey, coffee and alcohol were the only items
that were specified per 100 mL. The latter two, coffee and alcohol, were considered
as separate groups because the literature attests to their differing effects on liver
health.

Caffeine Questionnaire

The caffeine intake questionnaire used in the Hep573 Study was designed
for a National Institute of Health study on the natural history of chronic hepatitis C
which was conducted at Westmead and Royal Prince Alfred Hospitals, NSW.

The different types of caffeine beverages quantified were: decaffeinated
coffee, instant coffee, brewed coffee, tea and caffeinated soft drinks (Coke ™,
Pepsi™). There were nine frequency response categories, ranging from ‘never’ or
‘less than once a month’ to ‘more than six beverages per day’. The numbers in this
Study were too small to analyse these multiple subsections of frequency by
treatment group according to the McNemar test at Weeks 0, 24 and 48.

Therefore, the Study data were converted to one category, total weekly
caffeine intake per participant from the frequency data collected in the caffeine
intake questionnaire.

The determination of caffeine intake per beverage was taken from the
NUTTAB 2010 online searchable database and the relevant sections appear in the
following table (Table 3.5).

Table 3.5: Caffeine content of beverages from NUTTAB 2010 database.

Beverage Calculated caffeine content Caffeine per average
Mg/100 mL serve
Average decaffeinated coffee: 6.5 16.25 mg/250 mL

Instant coffee: 1 mg/100mL
Ground coffee: 12 mg/100mL

Instant coffee 31.0 77.50 mg/250 mL

Average brewed coffee: 82.5 206.25 mg/250 mL
Cappuccino: 64 mg/100mL
Long black : 101 mg/100mL

Tea 19.0 47.50 mg/250 mL

Coca Cola 10.0 60.00 mg/600 mL

The caffeine content analysed in the NUTTAB 2010 database was
measured in milligrams per 100 mL. For the decaffeinated coffee, the NUTTAB

2010 entries for instant coffee and ground coffee were 1 mg/100 mL and 12
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mg/100 mL respectively. Therefore, a midpoint between the two decaffeinated
types was taken as 6.5 mg/100 mL. The same process applied to brewed coffee
and the NUTTAB entries of cappuccino (64 mg/100 mL) and long black (101
mg/100 mL) were identified as reflective of brewed coffee. The midpoint between
these two types of brewed coffee was 82.5 mg/100 mL. The entries for mg caffeine
per 100 mL were converted to an appropriate serving size-250 mL cup size or 600
mL bottle size. The total caffeine content per beverage per average serve was
determined in this manner is as follows: decaffeinated coffee (16.25 mg), instant
coffee (77.5 mg), brewed coffee (206.25 mg), tea (47.5 mg) and coke (60 mg per
600 mL bottle).

The nine caffeine consumption frequency categories were converted to a
weekly frequency and then multiplied by the caffeine content to give a total weekly
caffeine intake per participant per treatment group at Weeks 0, 24 and 48. In order
to analyse the change in caffeine consumption across the Study duration, the data
were categorised into three categories of caffeine consumption, where low caffeine
consumption was regarded as 500 mg caffeine per week, approximately equivalent
to one instant coffee per day, medium caffeine consumption group was defined as
between 501-2500 mg caffeine per week and the high caffeine intake group was
defined as greater than 2501 mg caffeine per week (about five cups of instant

coffee per day).
Alcohol and Other Drugs Questionnaire

The Study incorporated the three alcohol consumption items from the
Alcohol Use Disorders Identification Test-consumption (AUDIT-C), into the alcohol
and other drugs questionnaire. These are also the first three out of 10 questions in
the full AUDIT questionnaire.

The AUDIT-C has demonstrated comparable accuracy to the full AUDIT

questionnaire.®®

AUDIT and AUDIT-C are well validated screening instruments for
hazardous alcohol intake and identification of binge drinking. Both tests have a high
degree of internal consistency and test and retest reliability, including monthly

recall.®?°

Alcohol intake was coded to reflect the quantity of alcohol consumed in
the preceding month which was converted into daily alcohol consumption
measured in grams.

The Hep573 Study also incorporated daily tobacco consumption and
recreational drug use in the preceding month. Tobacco consumption was recorded

as part of the alcohol and other drugs questionnaire which was administered on a
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monthly basis as tobacco may have interfered with the antioxidant action of the
herbal treatments. In addition, other recreational drug use was recorded monthly.
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CHAPTER 4

RESULTS

One hundred and eighteen participants (80 males, 38 females) were recruited into
a randomised, double-blind, placebo-controlled, clinical trial in three New South
Wales teaching hospitals from July 2003—March 2006. The three treatment groups
were: placebo (P, N=39), silymarin (S, N=40) and silymarin with antioxidants (SOX,
N=39).

STUDY POPULATION

According to CONSORT Guidelines,®® the numbers screened for the Hep573
Study were: (N=190), enrolled in the Study (N=118), and randomised to each
treatment arm (placebo, N=39, silymarin, N=40, and silymarin with antioxidant,
N=39). Four of the 118 participants who were randomised did not enter the Study
because of the following: work commitments (silymarin, N=1, placebo, N=1),
surgery required (silymarin with antioxidant (SOX), N=1), and ingestion of vitamins
included in the trial preparations (SOX, N=1); hence, N=114 entered the Study.

Figure 4.1 provides a flowchart of the Hep573 Study participants from
randomisation. Each of the boxes in Figure 4.1 report on the reasons given and the
numbers lost in each treatment group at each of the major time-points. They
appear in the preceding timeline box as follows: those lost between randomisation
and baseline appear in randomisation, between baseline and Week 12 (in
baseline), between Weeks 12 and 24 (in Week 12), between Weeks 24 and 48 (in
Week 24).
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Screened for the
N-190
Hep573 Study
Randomised to N-118
the Hep573
Study | |
e N\ r N\ e N
SOX (N=39)
Placebo (N=39) Silymarin (N=40) Surgery required (N=1)
Work commitments (N=1) Work commitments (N=1) Ingestion of vitamins
included in the Study
(N=1)
\ J \ J \ J
[ Placebo (N=38) ) [ Silymarin (N=39) ) [ )
Adverse event (N=1) Alcohol (N=2)
i Atmosphere in liver clini _ SOX (N=37)
Basellne mosp e(rl\elzlg) wereime Adv§rse .even.t (N—2_) Adverse event (N=2)
Moved interstate (N=1) Ingesting V|ltam|ns (N=1)
| Family Ill heatth (N=1) LWork commitments (N:l)J L )
e N r . A N e SOX (N=35) N\
Silymarin (N=33) Adverse event (N=1)
Placebo (N=34) Adverse event (N=2) Antiviral therapy (N=1)
Week 12 Alcohol (N=2) Family Il health (N=2) Injecting methadone
Unable to contact (N=2) (N=1)
\ y L J \ Work commitments (N=1) J
e N\ r N\ e N
Placebo (N=32) Silymarin (N=27)
Injecting methadone Antiviral therapy (N=1) —
Week 24 (N=1) Moved interstate (N=1) SOX (N=31)
Unable to contact (N=1) Unable to contact (N=1)
\ J \ J \ J
Week 48 Placebo Silymarin SOX
(N=30) (N=24) (N=31)

Figure 4.1: Hep573 Study participant flowchart

While 102 out of 118 (86%) participants completed 12 weeks of active
treatment, 90/118 (76%) completed the full 24 weeks of active treatment, and
85/118 (72%) completed the 24 weeks follow-up post-treatment. The largest drop-
out rate occurred in the silymarin group, with 13/40 (33%) failing to complete 24
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weeks of treatment. Once the participants reached 24 weeks, the retention rates
were stable.

Twenty-four out of 114 participants (21%) who entered the Study stopped
therapy during the treatment phase. On an intention-to-treat basis, when the four
participants who were randomised but did not enter the Study are added to 24
participants (28/118), there was a 23.7% drop-out rate amongst the participants
during the 24-week treatment phase of the Study.

Only five participants who entered the Study and completed up to 24 weeks
of treatment did not complete follow-up (N=2, placebo, N=3 silymarin). Twenty-nine
out of 114 participants failed to complete treatment or follow-up (25.4%) compared
to 33/118 (27.9%) of all randomised participants.

The initial characteristics of the Study population: age, gender, HCV
genotype, duration of infection (years), ALT, AST, GGT, ALP, albumin, bilirubin,
globulins, F.isoprostanes, HCV RNA viral copies, Hepascore, hyaluronic acid,
FibroTest, alpha-2 macroglobulin, haptoglobin, lipid profile including apolipoprotein
Al, BMI, ferritin, platelets, prothrombin time, INR, TSH, WCC are shown in Table
4.1 by the treatment group along with the median and interquartile ranges.

Table 4.1: Initial characteristics by treatment group (median and interquartile

ranges).

Variable Placebo Silymarin SOX P-value

Participant 39 40 39 -

Numbers (N)

Age 47 48 50 P=0.337
(37-53) (42-52) (44-54)

Gender (M,F) (30,9) (23,17) (27,12)

Genotype (n) 1,4,6 (26) 1,4,6 (25) 1,4,6 (31) P=0.234
2,3 (13) 2,3 (15) 2,3(8)

Duration of infection 21.0 25.5 23 P=0.011
(12.5-26) (20-30) (20-29.5)

ALT 87 U/L 100 U/L 76 U/L P=0.372
(56-128) (60-133) (57-112)

AST 50 U/L 65 U/L 50 U/L P=0.217
(40-79) (45-88) (43-69)

GGT 42 U/L 58 U/L 45 U/L P=0.150
(23-64) (36-98) (22-79)

ALP 74 U/L 74 U/L 73 U/L P=0.638
(59-85) (66-95) (63-95)

Albumin 43 g/L 41 g/L 43 g/L P=0.491
(40-45) (39-44) (41-44)

Bilirubin 13 umol/ L 10 umol/L 12 umol/L P=0.361
(10-17) (8-17) (9-18)

Globulins 33 g/L 37 g/L 33g/L P=0.014
(29-37) (32-40) (31-40)

F,.isoprostanes (ISO) 2118 pmol/L 2410 pmol/L 2141 pmol/L P=0.262
(1605-2698) (1829-3646) (1768-2696)
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Table 4.1: Initial characteristics by treatment group (median and interquartile

ranges).

Variable Placebo Silymarin SOX P-value

HCV RNA 10° 32.1 bDNA 79.3 copies/ml | 46.8 copies/ml | P=0.047
copies/ml (30.4-132.2) (24.0-117.7)
(10.6-83.6)

Hepascore 0.52 0.74 0.52 P=0.688
(0.32-0.84) (0.31-0.88) (0.29-0.90)

Hyaluronic acid (HA) 30 ug/L 43 ug/L 30 ug/L P=0.451
(18-51) (19-85) (14-104)

Fibrotest (FT) 0.54 0.64 0.55 P=0.455
(0.26-0.71) (0.36-0.85) (0.38-0.78)

Alpha-2 macroglobulin 3.02 3.88 2.87 P=0.247
(2.22-3.79) (2.48-4.34) (2.47-4.10)

Haptoglobin 0.98 1.14 0.94 P=0.399
(0.84-1.18) (0.60-1.48) (0.48-1.26)

Apolipoprotein Al 1.40 1.37 1.36 P=0.567

(ApoAl) (1.24-1.62) (1.20-1.53) (1.19-1.47)

Triglycerides 0.83 mmol/L 1.00 mmol/L 0.97 mmol/L P=0.087
(.57-1.12) (.70-1.20) (.79-1.30)

Total cholesterol 4.3 mmol/L 3.9 mmol/L 4.6 mmol/L P=0.066
(3.6-4.7) (3.3-4.7) (3.9-5.5)

HDL cholesterol 1.30 mmol/L 1.27 mmol/L 1.26 mmol/L P=0.626
(1.04-1.78) (1.07-1.52) (1.10-1.60)

LDL cholesterol 2.31 mmol/L 2.05 mmol/L 2.90 mmol/L P=0.023
(1.92-2.82) (1.45-3.15) (2.16-3.69)

BMI 25.7 27.6 28.2 P=0.198
(22.8-28.0) (23.1-32.9) (23.7-30.7)

Ferritin 131.3 ug/L 124.6 ug/L 128.7 ug/L P=0.707
(78.0-324.2) (80.5-352.0) 82.5-215.8)

Platelets 202 10°/L 201 10°/L 221 10°/L P=0.703
(170-249) (158-261) (165-269)

Prothrombin time 12 secs 12 secs 12 secs P=0.982
(11.0-13.3) (11.0-14.0) (11.0-13.2)

INR 1.0 1.0 1.0 P=0.621
(0.9-1.1) (0.9-1.1) (0.9-1.1)

Thyroid stimulating 1.265 mIU/L 1.480 mIU/L 1.110 mIU/L P=0.498

hormone (TSH) (.925-1.730) (.960-2.020) (.820-1.790)

wcC 6.0 10°/L 5.9 10°/L 6.0 10°/L P=0.934
(5.0-7.7) (4.9-8.0) (5.1-7.3)

The initial characteristics were similar between the three treatment groups.
The average age of the participants was 48.3 years and the average duration of
infection was 23.2 years. The silymarin group had a longer duration of infection
(P=0.01), higher globulins (P=0.014) and a higher HCV RNA viral load (P=0.047)
compared to the placebo and SOX groups. The silymarin and antioxidant (SOX)
group had higher LDL cholesterol (P=0.023) compared to the placebo or silymarin

groups.
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General Information on the Study Population

While 48% (57/118) of the Hep573 Study participants had used
complementary medicine for hepatitis C prior to trial entry, 52% (61/118) had never
tried complementary medicine.

Forty-one per cent (48/118) of the Study population had previously received
interferon with/without ribavirin, and 59% (70/118) were treatment-naive.

The primary sources of HCV infection were injecting drug use (58%) and
blood transfusion (20%).

Fifteen per cent (18/118) of the Study population were cirrhotic (as
determined by clinical examination, blood tests, ultrasound or biopsy) and 85%
(100/118) were non-cirrhotic. Twenty-eight per cent (33/118) were regular cannabis
users and 72% (85/118) were not. Forty-two per cent (50/118) were tobacco

smokers and 58% (68/118) were ex- or non-smokers.
Dose Compliance

The compliance ratios within each group demonstrated some departure
from normality. A comparison of the compliance rates using a Kruskal-Wallis non
parametric test®**

difference between the groups (P= 0.497).

one way analysis of variance showed there was no significant

The Mann-Whitney test®*? was used for pair-wise comparisons of
compliance rates: placebo was compared to silymarin (P=0.272), and to silymarin
and antioxidant (SOX) group (P=0.341), and silymarin was compared to silymarin
with antioxidant (P= 0.956).

The standard recommendation for encouraging compliance with pegylated
interferon and ribavirin therapy is the 80% rule: participants who take 80% of the

dose, 80% of the time achieve an optimal outcome.®*

The Study data sets were
examined to see how well they matched with the 80% compliance
recommendation.

Table 4.2 shows the cross tabulation of treatment compliance.
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Table 4.2: Cross tabulation of treatment compliance >80%.

Compliance >80%
Noncompliant |Compliant |Total
Treatment |Placebo Count 1 34 35
% within Treatment  [2.9% 97.1% 100.0%
Silymarin Count 5 31 36
% within Treatment  [13.9% 86.1% 100.0%
SOX Count 6 31 37
% within Treatment  [16.2% 83.8% 100.0%
Total Count 12 96 108
% within Treatment  [11.1% 88.9% 100.0%
Monte Carlo Sig.
(2-sided)
Value Sig.
Fisher's Exact Test |3.906 .145

From Table 4.2, it can be seen there is no evidence of a difference in
compliance across the three treatment groups (P=0.145) (Fisher’s exact test). The
Table also shows that the compliance rate of the Study population in per-protocol
analysis (96/108) was 88.9% and above the 80% recommendation for
interferon/ribavirin. When an intention-to-treat analysis was applied (96/118), a

dose compliance rate of 81.4% was obtained.

PRIMARY OUTCOME

The primary outcome measure was the proportion of participants experiencing ALT

normalisation from baseline to Week 24.
ALT Normalisation From Baseline to Week 24

The proportion of participants experiencing ALT normalisation from baseline
to Week 24 differed significantly by treatment (P=0.002) (Fisher’s exact test) in the
intention-to-treat analysis as shown in Table 4.3.

Table 4.3: ALT normalisation from baseline at Week 24 (intention-to-treat

analysis).
ALT Placebo Silymarin SOX P value
normalisation
N 2/39 1/40 10/39 0.002
% 5% * 2.5% ** 26%

The ALT level in the SOX group (10/39) (26%) normalised in significantly
more participants compared to (2/39) (5%%*) on placebo (P=0.02) and (1/40)
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(2.5%**) on silymarin alone (P=0.003).

Table 4.4 shows the individuals who achieved ALT normalisation at Week 24 in
the SOX Group.
Table 4.4: ALT normalisation from baseline at Week 24 in the SOX Group

Participant ID | Week O ALT U/L Week 24 ALT U/L Percentage fall in
ALT

106 89 43 -51.7%

114 53 42 -20.7%

129 58 27 -53.4%

201 109 55 -49.5%

214 150 39 -74.0%

227 73 48 -34.2%

319 72 31 -56.9%

329 51 34 -33.3%

332 45 32 -28.9%

347 58 40 -31.0%

Total N=10 Average % fall
In ALT=-43.4%

There was a 43.4% reduction in the ALT by Week 24 in those participants in
the SOX group who normalised their ALT.

Nine out of 10 of those who had ALT normalisation in the SOX group had
HCV genotype 1. There was no significant difference between treatment and ALT
normalisation rates in the non genotype 1 group (P=0.440) compared to significant
differences in the ALT normalisation rates amongst genotype 1 groups (P=0.008)
(Fisher’s exact test).

Table 4.5 shows ALT normalisation from Weeks 0-24 per-protocol analysis.

Table 4.5: ALT normalisation from baseline at Week 24 per-protocol analysis.

ALT Placebo Silymarin SOX P value
normalisation

N 2/32 1/27 10/31 0.003
% 6.25% 3.7% 32.25%

The proportion of participants with ALT normalisation from Weeks 0-24
differed significantly by treatment (P=0.003) (Fisher’s exact test) in per-protocol
analysis. The ALT normalisation rates were comparable in the placebo and
silymarin groups (4-6%) and significantly higher in the SOX group (32%) (P<0.05).

If the current normal values for ALT of <30U/L for men and <19UJL for
women are utilised,**%%
limits for ALT of <40U/L for men and <30 U/L for women are used,**%* then 4/39
in the SOX group and 1/40 in the silymarin group normalised as shown in Table 4.6

and Table 4.7.

none of the participants in the Study normalised. If upper
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Table 4.6: Normalisation rate with revised ALT range (< 40UL for male and
<30 for female) from baseline at Week 24 (intention-to-treat

analysis).
ALT Placebo Silymarin SOX P value
normalisation
N 0/39 1/40 4/39 0.081
% 2.5% 10.3%

The proportion of participants with ALT normalisation levels ((< 40UL for

male and <30 for female) did not differ significantly by treatment (P=0.081).

Table 4.7: Normalisation rate with revised ALT range (< 40UL for male and
<30 for female) from baseline at Week 24 (per protocol analysis).

ALT Placebo Silymarin SOX P value
normalisation

N 0/32 1/27 4/31 0.053
% 3.7% 12.9%

The proportion of participants with ALT normalisation (< 40UL for male and

<30 for female) did not differ significantly by treatment (P=0.053). However there

was a marginally significant difference in the proportion with ALT normalisation in

the SOX group (13%) compared to none in the placebo group (P=0.053) (Fisher's

exact test).

SECONDARY OUTCOMES WEEKS 0-24

The secondary outcome measures were the percentage change in ALT, F,.

isoprostanes (ISO), HCV RNA, Fibrotest, Hepascore and hyaluronic acid from
baseline at Week 24.

Table 4.8: Percentage change from baseline in ALT, F,.isoprostanes, HCV
RNA, FibroTest at Week 24 together with 95% Confidence interval
Cl), P-value and overall test of homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
Measure group change from | interval (Cl) (Interaction)
baseline P-value
ALT Placebo -5.0 (-18.0, +9.9) 0.490 0.113
Silymarin +8.6 (-7.0, +26.6) 0.291
SOX -13.1 (-25.0, +0.3) 0.055
ISO Placebo -7.0 (-14.5, +0.4) 0.066 0.071
Silymarin +2.0 (-10.0, +7.0) 0.666
SOX -12.0 (-18.4, -4.3) 0.003
HCV RNA Placebo +13.0 (-21.3, +63.1) 0.504 0.542
Silymarin -9.0 (-37.1, +32.5) 0.633
SOX +21.0 (-15.5, +73.6) 0.300
FibroTest Placebo +19.7 (-3.9, +43.4) 0.105 0.674
Silymarin +6.4 (-15.0, +27.8) 0.560
SOX +5.4 (-16.2,+26.9) 0.626

140




In Table 4.8, a negative percentage change implies a decrease and a
positive percentage change denotes an increase in relevant outcome measure. The
P-value column relates to the percentage change from baseline in the outcome
measure of the listed treatment group. The homogeneity P-value compares the
three treatment groups and was calculated using ANOVA.

Figure 4.2 shows the percentage change in ALT from baseline at Week 24
and corresponding P-value. There was no statistically significant interaction
between treatment and the within participant change over time in ALT (P=0.113).
However, there was a marginally significant fall in ALT in the SOX group (P=0.055),
but not in the placebo group (P=0.490). There was an increase in ALT in the
silymarin group (P=0.291).
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Figure 4.2: Percentage change in ALT from baseline at Week 24 and
corresponding P-value.

F..Isoprostanes

F..isoprostanes (ISO) values were similar in all three groups at baseline
(P=0.262). They were measured twice during the treatment period, i.e., at Weeks

12 and 24, but not in the 24-week, follow-up period. There was no statistically
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significant interaction between treatment and the within participant change over
time in log (ISO) (P=0.071). There was a statistically significant fall in F,.
isoprostanes (ISO) in the SOX group (P=0.003) but not in the placebo (P=0.066) or
silymarin groups (P=0.666) (Figure 4.3).

10

Parcentage change In ISO with 98%cClI

Figure 4.3: Percentage change in Foisoprostanes from baseline at Week 24
and corresponding P-value.

Viral Load (HCV RNA Quantitative Test)

The HCV viral load at baseline was almost twice as high in the silymarin
group compared to the placebo or the SOX group. There was no significant
interaction between treatment and the within participant change over time in log
HCV RNA (P=0.542). In an alternative approach, analysis of covariance (ANCOVA)
of the logHCV RNA viral load at Week 24 showed no significant differences
between the treatment groups (P=0.454) after adjusting for logHCV RNA viral load
at baseline.

There was a 13% increase in HCV RNA at Week 24 in the placebo group
(P=0.504), a 9% fall in HCV RNA in the silymarin group (P=0.633), and a 21%
increase in HCV RNA at Week 24 in the SOX group compared to baseline
(P=0.300) (Figure 4.4).
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Parcentage change In HCV RNA with 95%¢CI

Figure 4.4: Percentage change in HCV RNA from baseline at Week 24 and
corresponding P-value.

FibroTest

There was no statistically significant interaction between treatment and the
within participant change over time in FibroTest (P=0.674) (Figure 4.5).
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Figure 4.5: Percentage change in FibroTest from baseline to Week 24 and
corresponding P-value.

Table 4.9: Percentage change from baseline in LFTs at Week 24 together with
95% confidence interval (Cl), P-value and overall test of

homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
measure group change from | interval (CI) (Interaction)
baseline P-value
ALB Placebo +0.6 (-1.3, +2.5) 0.552 0.403
Silymarin -1.2 (-3.2, +0.9) 0.263
SOX +0.5 (-0.1, +2.4) 0.645
ALP Placebo -5.5 (-9.8, -0.9) 0.019 0.113
Silymarin -5.0 (-9.2, +0.3) 0.066
SOX -11.0 (-15.0, -6.5) <0.0001
AST Placebo -3.7 (-14.6, +8.6) 0.536 0.078
Silymarin +10.2 (-3.0, +25.1) 0.135
SOX -10.0 (-19.7, +1.8) 0.096
BIL Placebo -1.5 (-11.3, +9.3) 0.772 0.148
Silymarin +4.0 (-7.0, +16.3) 0.492
SOX -10.4 (-19.2, -0.6) 0.038
GGT Placebo +9.1 (-3.1,+22.7) 0.149 0.152
Silymarin +3.4 (-8.7,+17.0) 0.601
SOX -7.1 (-17.3,+4.3) 0.211

The data in Table 4.9 show there was no statistically significant interaction

between treatment and the within participant change over time in any of the above
liver enzymes, ALP (P=0.113), AST (P=0.078) and GGT (P=0.152) or markers of
liver function, ALB (P=0.403) and BIL (P=0.148). However, there were significant
reductions in ALP in the placebo group (5.5%, P=0.019) and in the SOX group
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(11%, P=0.0001). The reduction in the silymarin group (5%) was comparable to the
placebo group reduction and did not reach statistical significance (P=0.066). In
addition, there was a significant reduction in bilirubin, (10.4%) in the SOX group
(P=0.038), which was not evident in the other two groups.

Correlations Between Secondary Outcome Measures

Spearman’s Rank Correlation was used to quantify the extent of association
between within participant changes in the secondary outcome measures, in ALT,
HCV RNA or FibroTest and the within participant change in F,.isoprostanes from
Weeks 0-24.

The Spearman’s Rank Correlation was used to overcome some extreme
values or outliers. Relative changes were also examined and, as similar results to
the absolute values were obtained, the absolute values are shown. The two

significant correlations appear in Figure 4.6 and Figure 4.7.
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Figure 4.6: Scatterplot of the within participant change in ALT versus the
within participant change in F,.isoprostanes from Week 0 at Week

24.

The dotted lines represent the area of no change between the variables.
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The within participant change in ALT is weakly positively associated with the
change in F,.isoprostanes from Week 0 at Week 24 (Spearman’s rho =0.285,
P=0.008) (Spearman’s Rank Correlation).
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Figure 4.7: Scatterplot of the within participant change in FibroTest versus
the within participant change in F.isoprostanes from Week 0 at
Week 24.

The within participant change in FibroTest is weakly positively associated
with the change in F..isoprostanes from Week 0 to Week 24 (Spearman’s rho
=0.252, P=0.019) (Spearman’s Rank Correlation).

SECONDARY OUTCOMES WEEKS 24-48

The secondary outcome measures were the percentage change in ALT, HCV RNA,
Fibrotest, liver function tests (LFTs) Hepascore and hyaluronic acid from Week 24
at Week 48.
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Table 4.10: Percentage change in ALT, HCV RNA and FibroTest from Week 24
at Week 48 together with 95% confidence interval (Cl), P-value and
overall test of homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
measure group change from | interval (Cl) (Interaction)
baseline P-value
ALT Placebo +5.0 (-10.4, +23.0) 0.549 0.810
Silymarin +11.8 (-4.4, +30.7) 0.162
SOX +12.3 (-5.5, +33.4) 0.189
HCV RNA Placebo +2.3 (-37.1, +66.4) 0.926 0.100
Silymarin -35.1 (-61.4, +9.3) 0.108
SOX -28.0 (-55.2, +15.7) 0.178
FibroTest Placebo 8.1 (-20.9, +37.1) 0.587 0.906
Silymarin 5.3 (-22.9, +33.6) 0.713
SOX 0.8 (-26.9, +28.5) 0.954

In the follow-up period from Weeks 24-48, irrespective of group, the ALT

increased over time (P=0.051). On average, there was a 9.6% increase in ALT in

the six-month follow-up period. There was no evidence that the ALT at Week 48

differed significantly between the groups (P=0.810) contrary to the finding at the

end of treatment at Week 24.

There was no significant difference in the HCV RNA levels across the three
treatment groups at Week 48 (P=0.100) (Figure 4.8).
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Figure 4.8: Percentage change in HCV RNA in the follow-up (Weeks 24-48
inclusive) and corresponding P-value.

While there was a small increase in the FibroTest scores in each of the

groups to Week 48, there was no significant interaction between treatment group
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and the within participant change over time in the FibroTest score in the follow-up
period (P=0.906).

Table 4.11: Percentage change in LFTs from Week 24 to Week 48 together
with 95% confidence interval (Cl), P-value and overall test of
homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
measure group change from | interval (CI) (Interaction)
baseline P-value
ALB Placebo +0.2 (-1.8,+2.3) 0.847 0.238
Silymarin +0.4 (-1.7,42.7) 0.693
SOX -1.8 (-3.8,0.2) 0.074
ALP Placebo +6.7 (+1.5,+12.3) 0.011 0.996
Silymarin +6.8 (+1.2,+12.8) 0.017
SOX +7.0 (+1.8, +12.6) 0.008
AST Placebo +8.6 (-6.3,+25.9) 0.271 0.926
Silymarin +12.8 (-3.7,+32.2) 0.137
SOX +8.5 (-6.4,+25.9) 0.279
BIL Placebo +13.0 (-0.5,+28.2) 0.061 0.277
Silymarin +20.0 (+4.4, 37.0) 0.010
SOX +3.0 (-9.4,+17.0) 0.658
GGT Placebo +8.6 (-5.5,+25.0) 0.245 0.898
Silymarin +7.6 (-7.4,+25.1) 0.339
SOX +12.6 (-2.0,+29.4) 0.096

Table 4.11, shows there were no significant interactions between treatment
and the within participant change over time in the follow-up period (Weeks 24-48
inclusive) in liver enzymes: ALP (P=0.996), AST (P=0.926) and GGT (P=0.898)
and in the markers of liver function: ALB (P=0.238) and BIL (P=0.277). However,
on average, there was a 6.8% increase in ALP levels in all the treatment groups,
placebo (P=0.011), silymarin (P=0.017) and SOX (P=0.008). There was a small
non-significant increase in bilirubin in the SOX group (3%, P=0.658) and placebo
group (13%, P=0.061) with a significant increase in bilirubin in the silymarin group
(20%, P=0.010) in the follow-up period. (LMES)

SECONDARY OUTCOMES WEEKS 0-48

The secondary outcome measures were the percentage change in ALT, HCV RNA,

Fibrotest, Hepascore and hyaluronic acid from baseline at Week 48.
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Table 4.12: Percentage change in ALT, HCV RNA and FibroTest from baseline
at Week 48 together with 95% confidence interval (Cl), P-value and
overall test of homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
Measure group change from | interval (CI) (Interaction)
baseline P-value
ALT Placebo -7.00 (-23.4, +13.0) 0.468 0.408
Silymarin +11.7 (-8.8, +36.8) 0.289
SOX -4.0 (-20.5, +16.8) 0.705
HCV RNA Placebo +12.2 (-35.1, +93.8) 0.682 0.281
Silymarin -41.0 (-66.9, +5.46) 0.079
SOX -8.0 (-46.3, +57.8) 0.764
FibroTest Placebo +30.2 (-3.8, +64.1) 0.085 0.419
Silymarin +3.1 (-30.0, +36.2) 0.855
SOX +0.1 (-30.8, +31.1) 0.993

At Week 48, there was a 12% increase in HCV RNA in the placebo group
(P=0.682), an 8% decrease in HCV RNA in the SOX group (P=0.764) and a 41%
decrease in HCV RNA in the silymarin group (P=0.079) compared to their baseline
scores. One participant in the silymarin group had a two log drop in HCV RNA at
Week 48 compared to their baseline score. Another participant in the silymarin with
antioxidant group had a three log drop in their HCV RNA at Week 48 compared to
their baseline score.

In the placebo group, there was one participant who cleared the virus, and
one with a three log increase in HCV RNA at Week 48 compared to baseline.

There was no significant interaction over time in the FibroTest score in any
of the three treatment groups (P=0.419) at Week 48 compared to baseline.

Table 4.13: Percentage change in LFTs from baseline at Week 48 together
with 95% confidence interval (Cl), P-value and overall test of
homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
measure group change from | interval (CI) (Interaction)
baseline P-value
ALB Placebo -0.2 (-2.6,+2.3) 0.884 0.429
Silymarin -1.6 (-4.0,+0.9) 0.226
SOX +0.8 (-1.7,+3.3) 0.539
ALP Placebo +2.7 (-3.4,+9.1) 0.400 0.444
Silymarin +2.7 (-3.5,+9.4) 0.403
SOX -2.3 (-8.1,+4.0) 0.469
AST Placebo +0.3 (-16.2,+20.2) 0.970 0.314
Silymarin +18.9 (-1.3,+43.1) 0.071
SOX -1.1 (-17.9,+19.1) 0.909
BIL Placebo -2.0 (-14.5,+12.3) 0.769 0.285
Silymarin +9.4 (-5.0,+25.8) 0.215
SOX -6.5 (-18.6,+7.4) 0.345
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Table 4.13: Percentage change in LFTs from baseline at Week 48 together
with 95% confidence interval (Cl), P-value and overall test of
homogeneity.

Outcome Treatment Percentage 95% confidence | P-value | Homogeneity
measure group change from | interval (Cl) (Interaction)
baseline P-value
GGT Placebo +7.9 (-8.7,+27.5) 0.374 0.447
Silymarin +15.9 (-2.4,+37.8) 0.096
SOX -0.9 (1114.1, -91.9) 0.915

From Table 4.13, it can be seen there was no significant interaction between
treatment and the within participant change from Week 0 at Week 48 in liver
enzymes: ALP (P=0.444), AST (P=0.314), GGT (P=0.447) and markers of liver
function: ALB (P=0.429) and BIL (P=0.285). However, in the silymarin group, there
was a trend towards an elevated AST (18.9% increase, P=0.071) from Week 0 at
Week 48.

SECONDARY OUTCOMES

Hepascore

There was no significant interaction between the within participant
differences over time in the Hepascore model (age, sex, GGT, bilirubin, hyaluronic
acid and alpha-2 macroglobulin) using the McNemar test at Weeks 24 and 48

compared to Week 0.
Hyaluronic Acid

The Kruskall-Wallis Test®*! of non-parametric independent samples for
hyaluronic acid at two groups (<60 ug/L and >60 ug/L) and four groups according to

the McHutchison Study**® showed no change in the mean scores over time and

treatment group from baseline at Weeks 24 and 48 compared to baseline.
QUALITY OF LIFE

Hepatitis C Quality of Life Questionnaire (HQLQ™)

Table 4.14 to Table 4.16 following show the absolute changes in HQLQ™,
from baseline to Week 24, from Week 24 to Week 48 and from Week 0 to Week 48.
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Table 4.14: Absolute change from baseline at Week 24 in HQLQ™v1,
together with 95% confidence interval (Cl), associated P- value
and overall test of homogeneity.

SF-36 Absolute change | Placebo Silymarin SOX Homogeneity

Outcome P-value

PF Change +3.7 +0.4 +1.0 0.129
Cl (+1.3, +6.0) | (-1.9, +2.8) (-2.2, +4.3)
P-value 0.003 0.715 0.382

RP Change +1.6 +2.1 +0.6 0.869
Cl (-2.5, +5.7) (-2.0, +6.3) (-3.4, +4.6)
P-value 0.435 0.314 0.767

BP Change +0.9 +1.0 +0.6 0.982
Cl (-2.5,+4.3) | (-2.4, +4.4) (-2.7, +3.9)
P-value 0.593 0.560 0.730

GH Change +0.2 +1.0 +2.6 0.359
Cl (-2.3, +2.6) (-1.5, +3.5) (0.2, +5.0)
P-value 0.901 0.416 0.034

VT Change +1.0 +1.6 +5.6 0.112
Cl (-2.4, +4.3) (-1.8, +5.0) (+2.3, +8.9)
P-value 0.564 0.351 0.001

SF Change +3.1 -1.8 +2.2 0.142
Cl (-0.5, +6.7) (-5.4, +1.9) (-1.3, +5.8)
P-value 0.090 0.346 0.213

RE Change +1.4 -1.1 +4.4 0.261
Cl (-3.2, +6.1) (-5.8, +3.6) (-0.2, +9.0)
P-value 0.540 0.652 0.061

MH Change +1.5 -0.5 +3.6 0.137
Cl (-1.4, +4.4) (-3.4, +2.4) +0.8, +6.5)
P-value 0.307 0.736 0.012

PCS Change +1.9 +1.9 +0.0 0.498
Cl (-0.8, +4.5) (-0.7, +4.6) (-2.6, +2.6)
P-value 0.161 0.152 0.997

MCS Change +1.3 -1.4 +5.2 0.024
Cl (-2.0, +4.6) (-4.8, +2.0) (+2.0, +8.4)
P-value 0.443 0.422 0.002

Key:

PF =Physical Functioning scale

RP =Role Physical scale

BP =Bodily Pain scale

GH =General Health scale

VT =Vitality scale

SF =Social Functioning scale

RE =Role Emotional scale

MH =Mental Health scale

PCS  =Physical Component Summary scale

MCS =Mental Component Summary scale

The absolute change in MCS score differed significantly by treatment
(P=0.024) (LMEs). A positive score represented an improvement in overall mental-
health status and a negative score reflected the opposite. There was an absolute
change from Week 0 at Week 24 of +5.2 (+2.0, +8.4) in the MCS score in the SOX
group (P=0.002) compared to +1.3 (-2.0, +4.6) in the placebo (P=0.443) and -1.4 (-
4.8, +2.0) in silymarin (P=0.422) groups. In this Study, mental-health status overall
significantly improved in the SOX group.
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While there was no significant interaction between treatment and the

individual SF-36 domains, there was a significant difference (improvement) in the
scores for vitality (P=0.001), general health (P=0.034) and mental health (P=0.012)
in the SOX group. There was a trend towards improvement in emotional health

(P=0.061) in the SOX groups, which was not evident in the placebo or silymarin

groups. There was also a significant improvement in the physical functioning

(P=0.003) in the placebo group, which was not seen in the silymarin or silymarin

and antioxidant groups.

Table 4.15: Absolute change from Week 24 at Week 48 in HQLQ™v1, together
with 95% confidence interval (Cl), associated P-value and overall
test of homogeneity.

SF-36 Absolute Placebo Silymarin SOX Homogeneity

Outcome change P-value

PF Change -3.7 +0.0 -2.0 0.147
Cl (-6.3,-1.2) (-2.7, +2.7) (-4.5, +0.5)
P value 0.005 0.993 0.122

RP Change -1.2 -0.5 -2.0 0.888
Cl (-5.5, +3.1) (-5.0, +4.0) (-6.2, +2.2)
P value 0.580 0.830 0.350

BP Change -2.0 -0.1 -0.7 0.653
Cl (-5.0, +0.9) (-3.2, +3.0) (-3.5, +2.2)
P value 0.174 0.941 0.654

GH Change -0.2 +0.6 -3.8 0.064
Cl (-3.0, +2.6) (-2.3, +3.5) (-6.6, -1.1)
P value 0.901 0.416 0.034

VT Change +0.2 -0.9 -3.1 0.278
Cl (-2.8, +3.2) (-4.0, +2.2) (-6.0, -0.2)
P value 0.888 0.577 0.038

SF Change -2.3 +2.3 -3.4 0.056
Cl (5.7, +1.1) (-1.3, +5.8) (-6.7,-0.1)
P value 0.180 0.208 0.043

RE Change -1.2 -0.5 -2.0 0.888
Cl (-5.5, +3.1) (-5.0, +4.0) (-6.2, +2.2)
P value 0.580 0.830 0.350

MH Change -2.3 +2.7 -4.1 0.005
Cl (-5.1, +0.5) (-0.3, +5.6) (-6.9, -1.3)
P value 0.111 0.079 0.004

PCS Change -2.5 -0.8 -1.5 0.658
Cl (-5.0,+0.0) (-3.5, +1.8) (-3.9, +1.0)
P value 0.051 0.525 0.242

MCS Change +0.5 +2.1 -4.0 0.042
Cl (-2.9, +3.9) (-1.5, +5.7) (-7.3, -0.6)
P value 0.787 0.251 0.021

Key:

PF =Physical Functioning scale

RP =Role Physical scale

BP =Bodily Pain scale

GH =General Health scale

VT =Vitality scale

SF =Social Functioning scale

RE =Role Emotional scale

MH =Mental Health scale

PCS =Physical Component Summary scale, MCS =Mental Component Summary scale
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In the follow-up period from Week 24 (stopping treatment) to Week 48 (end
of Study), there were two significant interactions between stopping treatment and
an absolute negative change in both the mental health scale (P=0.005) and in the
MCS score (P=0.042) from Weeks 24 to 48 in the SOX group, with absolute
negative changes of -4.1 in mental health (P=0.004) and -4.0 in the MCS
(P=0.021).

There were two marginally significant interactions between treatment
cessation and the SF-36 general health scale (P=0.064) and social functioning
scale (P=0.056). Significant absolute negative changes in the general health
(P=0.034) and in social functioning (P=0.043) occurred in the SOX group and not in
the placebo or silymarin groups.

While there was no significant interaction between treatment and physical
functioning (PF) from Week 24 at Week 48 (P=0.147), there was a deterioration in
physical functioning in the placebo group (P=0.005) which was not evident in the
silymarin or SOX group.

There was no significant interaction between treatment and absolute change
in vitality from Weeks 24-48 (P=0.278). However, there was a significant fall in
vitality in the SOX group (P=0.038) in the follow-up period.

While there was no significant interaction between treatment and change in
PCS (P=0.658), there was a marginally significant reduction in PCS in the placebo
group (P=0.051), not seen in the silymarin or SOX groups.

Table 4.16: Absolute change from baseline at Week 48 in HQLQ™v1
together with 95% confidence interval (Cl), associated P-value
and overall test of homogeneity.

SF-36 Absolute Placebo Silymarin SOX Homogeneity
Outcome change P-value
PF Change -0.5 +0.5 -1.0 0.728
Cl (-3.2,-2.2) (-2.4, -0.5) (-3.7, -1.0)
P value 0.717 0.710 0.449
RP Change +0.0 +1.2 -1.6 0.675
Cl (-4.4, +4.5) (-3.4, +5.9) (-6.0, +2.8)
P value 0.984 0.604 0.466
BP Change -1.0 +0.2 +1.2 0.577
Cl (-3.9, +1.9) (-2.9, +3.3) (-1.7, +4.0)
P value 0.494 0.888 0.428
GH Change -0.4 +1.2 -1.4 0.481
Cl (-3.3, +2.5) (-1.9, +4.3) (-4.2, +1.5)
P value 0.793 0.446 0.343
VT Change +0.3 +1.0 +2.9 0.520
Cl (-2.9,+3.6) (-2.5, +4.4) (-0.3, +6.2)
P value 0.838 0.575 0.079
SF Change +0.8 +1.1 -0.5 0.800
Cl (-2.9, +4.5) (-2.8, +5.1) (-4.2,+3.1)
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Table 4.16:

Absolute change from baseline at Week 48 in HQLQ™v1

together with 95% confidence interval (Cl), associated P-value

and overall test of homogeneity.

SF-36 Absolute Placebo Silymarin SOX Homogeneity

Outcome change P-value
P value 0.664 0.564 0.771

RE Change +3.3 -0.0 +1.5 0.636
Cl (-1.5, +8.1) (-5.0, +5.0) | (-3.2, +6.2)
P value 0.173 0.995 0.526

MH Change -2.1 +2.4 -04 0.197
Cl (-5.4, +1.3) (-1.2,+6.0) | (-3.7, +2.9)
P value 0.494 0.888 0.428

PCS Change -0. 8 +0.6 -1.1 0.722
Cl (-3.8, +2.2) (-2.6,+1.9) | (-4.0, +1.9)
P value 0.615 0.710 0.467

MCS Change +0.9 +1.2 +1.3 0.991
Cl (-2.8, +4.7) (-2.8,+5.2) | (-2.5, +5.0)
P value 0.622 0.543 0.497

From Table 4.16,

there were no significant interactions between treatment

and the SF-36 domains from Week 0 at Week 48.
In Table 4.17, Table 4.18 and Figure 4.9, the mean scores and standard

error (SE) of the combined Hep573 Study population at baseline, or as specified,

are compared against the Australian Bureau of Statistics National Health Survey
(ABS NHS) SF-36 Populations Norms 1997°% for Australian and NSW populations

and one iliness populations respectively.

Table 4.17: Comparisons of the mean scores plus standard error (SE) of SF-
36 scales in Australian, NSW and one illness and Hep573 Study

populations.

SF36 Mean SE Mean SE Mean SE Mean SE
Aust Aust NSW NSW One One Hep573 | Hep573
popn popn popn popn lliness lliness Study Study

PF 82.5 0.2 82.0 0.6 83.2 0.3 79.1 2.1
RP 79.8 0.4 80.0 0.9 79.8 0.7 61.6 3.8
BP 76.8 0.3 76.6 0.7 75.6 0.5 26.8 2.2
GH 71.6 0.2 71.5 0.5 70.4 0.4 55.7 1.2
V 64.5 0.2 64.7 0.5 63.5 0.4 55.0 1.2
SF 84.9 0.2 84.9 0.6 84.3 0.5 49.5 0.9
RE 82.8 0.3 82.1 0.9 82.6 0.7 63.2 3.6
MH 75.9 0.2 75.3 0.5 75.0 0.4 62.2 0.8
PCS 49.7 0.1 49.7 0.2 49.8 0.2 43.0 0.4
MCS 50.1 0.1 49.9 0.3 49.6 0.2 42.4 0.6

Table 4.18 shows the difference in mean scores of the SF-36 scales of the

NSW population, one illness population and the Hep573 Study population at

baseline compared to the Australian population.
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Table 4.18: Comparative differences in designated study populations
compared to the Australian ABS NHS population data.

Difference in mean of Australian population compared to:

SF36 Mean NSW population One illness Hep573 Study at
Australian population week 0
population population

PF 82.5 -0.5 +0.7 -3.4

RP 79.8 +0.2 0.0 -18.2

BP 76.8 -0.2 -1.2 -50.0

GH 71.6 -0.1 -1.2 -15.9

\Y 64.5 +0.2 -1.0 -9.5

SF 84.9 0.0 -0.6 -35.4

RE 82.8 -0.7 -0.2 -19.6

MH 75.9 -0.6 -0.9 -13.7

PCS 49.7 0.0 +0.1 -6.7

MCS 50.1 +0.2 -0.5 -7.7

m week 0

m week 24

u week 48
@ Oneillness

M Australian

Figure 4.9: Comparisons of the total Hep573 Study population mean scores in
SF-36 scales at Weeks 0, 24 and 48 against the Australian

population and the one iliness population.
Key: Week 0, 24 & 48=combined Hep573 Study population

One illness=ABS NHS SF-36 population norms 1997, one illness mean scores

Australian=ABS NHS SF-36 population norms 1997, Australian population mean scores.

As there are only marginal differences between the Australian and NSW

populations as indicated in Table 4.18 and these are often indistinguishable on a

graph, only the Australian population figures were included in Figure 4.9.

In Figure 4.9 it can be seen the total Hep573 Study population overall is well

below the Australian and one illness normative data (range 3-50% lower). The only
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occasion when the Hep573 population closely matched (83.0) the one illness data

(83.2) is at Week 24 for physical function.

The following Table 4.19-Table 4.21 display the results from the hepatitis-

specific questions in the HQLQ ™.

Table 4.19: Absolute change in the hepatitis-specific items in HQLQ™v1, from

baseline at Week 24 together with 95% confidence intervals (Cl),
associated P-value and overall test of homogeneity.

HQLQ™ | Absolute Placebo Silymarin SOX Homogeneity
change P-value

HD Change +4.0 +1.6 +4.2 0.899
Cl (-4.5,+12.5) (-6.9,+10.2) (-4.2,+12.5)
P value 0.353 0.704 0.328

PWB change +4.3 +0.6 +6.8 0.384
Cl (-2.0, +10.6) | (-5.8, +7.0) (-0.6, +13.0)
P value 0.182 0.860 0.032

HLIM change +6.1 +0.1 +5.4 0.562
Cl (-2.4, +14.5) | (-8.4, +8.6) (-2.9, +13.7)
P value 0.159 0.979 0.202

HHD change +6.9 +2.4 +11.3 0.287
Cl (-1.1, +14.8) | (-5.6, +10.4) | (+3.5,+19.1)
P value 0.090 0.554 0.005

Key:

HD =Health Distress (Generic)

PWB =Positive Well-being

HLIM  =Hepatitis-specific Limitations

HHD  =Hepatitis-specific Health Distress

As shown in Table 4.19, there was no significant interaction between

treatment and the health distress (generic) (P=0.899), personal well-being

(P=0.384) hepatitis-specific limitations (P=0.562) and hepatitis-specific health
distress (P=0.287) from Weeks 0-24. However, the positive well-being (P=0.032)
and the hepatitis-specific health distress (P=0.005) improved in the SOX group

compared to the placebo and silymarin groups (LMES).
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Table 4.20: Absolute change in the hepatitis-specific Items in HQLQ™v1 from
Week 24 at Week 48 together with 95% confidence intervals (Cl),

associated P-value and overall test of homogeneity.

HQLQ™ | Absolute Placebo Silymarin SOX Homogeneity
change P-value

HD Change -0.9 +2.0 -5.0 0.357
Cl (-7.7, +5.8) (-5.1, +9.1) (-11.7, +1.6)
P value 0.790 0.582 0.137

PWB Change -1.8 +1.9 -11.5 0.004
Cl (-7.4, +3.8) (-4.0, +7.8) (-17.0, -6.0)
P value 0.536 0.528 0.0001

HLIM Change -0.4 +10.1 -1.8 0.012
Cl (-6.3, +5.4) (+4.0, +16.3) | (-7.6, +4.0)
P value 0.880 0.002 0.529

HHD Change -3.2 +2.9 -1.7 0.078
Cl (-9.5, +3.2) (-3.8, +9.6) (-13.9, -1.4)
P value 0.324 0.395 0.017

Key:

HD =Health Distress (Generic)

PWB =Positive Well-being
HLIM  =Hepatitis-specific Limitations

HHD  =Hepatitis-specific Health Distress

Table 4.20 shows there was a significant interaction between treatment

cessation and the hepatitis specific personal well-being score from Weeks 24-48

(P=0.004), with a highly significant deterioration in personal well-being found in the
SOX group (P=0.0001) in the follow-up period.

There was a significant interaction between treatment and hepatitis-C-

related limitations (P=0.012) from Weeks 24-48, with the silymarin group appearing

far less limited by their hepatitis C in the follow-up period (P=0.002) compared to

the placebo or SOX groups.

While there was no significant interaction between treatment and hepatitis-

specific health distress (P=0.078), there was an increase in health distress specific

to hepatitis C experienced by the SOX group (P=0.017) in the follow-up period.
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Table 4.21: Absolute change in the hepatitis-specific items in HQLQ™v1 from
baseline at Week 48 together with 95% confidence intervals (Cl),
associated P-value and overall test of homogeneity.

HQLQ™ Absolute Placebo Silymarin SOX Homogeneity
change P-value

HD Change +1.3 +2.0 +2.4 0.980
Cl (-6.8, +9.3) (-6.4,+10.4) (-5.5, +10.3)
P value 0.756 0.640 0.552

PWB Change +0.2 +3.2 -3.7 0.284
Cl (-5.8, +6.1) (-3.1, +9.4) (-9.6, +2.2)
P value 0.953 0.215 0.317

HLIM Change +7.6 +9.2 +4.6 0.006
Cl (-1.0, +16.3) (+0.3, +18.1) (-4.0, +13.2)
P value 0.083 0.043 0.287

HHD Change +3.1 +3.4 +4.5 0.976
Cl (-6.1, +12.3) (-6.2, +12.9) (-4.6, +13.5)
P value 0.502 0.486 0.331

Key:

HD =Health Distress (Generic)

PWB =Positive Well-being

HLIM  =Hepatitis-specific Limitations

HHD  =Hepatitis-specific Health Distress

From Table 4.21, it can be seen there was a significant interaction between

treatment and the absolute change in the hepatitis C-specific health limitations from

Week 0 to Week 48 (P=0.006). The silymarin group registered significantly less

hepatitis C related limitations at Week 48 compared to their baseline scores

(P=0.043) and the other two treatment groups.

SYMPTOM STATUS, FREQUENCY AND SEVERITY

Table 4.22 following indicates Hep573 cohort symptom prevalence at

baseline represented by number of participants and percentage of the Study

population.

Table 4.22: Hep573 Cohort Symptom Prevalence at Baseline

Symptom Total number (N) Percentage
Tiredness 91 79.8
Wake up tired 84 73.7
Poor sleep 71 71.0
Irritability 69 60.5
Liver pain 66 57.9
Tired aching muscles 66 57.9
Depression 59 51.8
Gas after meals 58 50.9
Back pain 57 50.0
Poor concentration 57 50.0
Mood swings 56 49.2
Frequent urination 56 49.2
Joint pain 53 46.5
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Table 4.22: Hep573 Cohort Symptom Prevalence at Baseline

Symptom Total number (N) Percentage
Dull liver pain 51 44.7
Headaches 51 44.7
Gas anytime 49 43.0
Dry eyes 47 41.2
Vision problems 43 37.7
Skin rash 43 37.7
Nausea 40 35.1
Constipation 37 32.5
Sore throat 36 31.6
Dark urine 36 31.6
Diarrhoea 33 28.9
Night sweats 33 28.9
Poor appetite 33 28.9
Indigestion 33 28.9
Dizziness 30 26.3
Sharp liver pain 28 24.6
Bleeding gums 23 20.2
Swollen ankles 21 18.4
Pale stools 18 15.8
Fevers 12 10.5
Vomiting 7 6.1

Table 4.22 shows the prevalence of 34 symptoms reported in the Hep573
Study symptom questionnaire. The 10 most prevalent symptoms at Week 0 were:
tiredness (80%), waking up tired (74%), poor sleep (71%), irritability (61%), liver
pain (58%), tired aching muscles (58%), depression (52%), gas after meals (51%),
back pain (50%) and poor concentration (50%). The above percentages were
calculated on the 114 participants who entered the Study at Week 0.

Table 4.23: Hep573 Symptom Prevalence and Gender Comparison at
Baseline and P-value of homogeneity.

Hep573 symptom Gender

prevalence at male female

baseline Mean Mean P-value
Indigestion 19.2% 50.0% 0.001
Headache 35.9% 63.9% 0.005
Wake up tired 66.7% 88.9% 0.012
Tired muscles 50.0% 75.0% 0.012
Sharp liver pain 17.9% 38.9% 0.016
Poor concentration 42.3% 66.7% 0.016
Constipation 25.6% 47.2% 0.022
Nausea 28.2% 50.0% 0.023
Tiredness 74.4% 91.7% 0.032
Liver pain 51.3% 72.2% 0.035
Back pain 43.6% 63.9% 0.044
Gas after meals 44.9% 63.9% 0.059
Swollen ankles 14.1% 27.8% 0.080
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Table 4.23: Hep573 Symptom Prevalence and Gender Comparison at
Baseline and P-value of homogeneity.

Hep573 symptom Gender

prevalence at male female

baseline Mean Mean P-value
Joint Pain 41.0% 58.3% 0.085
Sore throat 26.9% 41.7% 0.115
Bleeding gums 16.7% 27.8% 0.169
Diarrhoea 25.6% 36.1% 0.252
Poor sleep 67.9% 77.8% 0.282
Gas anytime 39.7% 50.0% 0.304
Moodswings 46.2% 55.6% 0.351
Irritability 57.7% 66.7% 0.362
Dry Eyes 38.5% 47.2% 0.377
Poor appetite 26.9% 33.3% 0.483
Dizziness 28.2% 22.2% 0.500
Vomiting 5.1% 8.3% 0.508
Skin problems 39.7% 33.3% 0.512
Vision problems 35.9% 41.7% 0.555
Dull liver pain 43.6% 47.2% 0.717
Dark urine 30.8% 33.3% 0.784
Night sweats 28.2% 30.6% 0.797
Pale stools 15.4% 16.7% 0.861
Depression 51.3% 52.8% 0.882
Fevers 10.3% 11.1% 0.890
Frequent urination 48.7% 50.0% 0.899

Key: Yellow highlighting identifies the significant P-values

The prevalence of the following symptoms in women were significantly
different compared to men: indigestion (50% vs 19%, P=0.001), headaches (64%
vs 36%, P=0.005), waking up tired (89% vs 67%, P=0.012), tired aching muscles
(75% vs 50%, P=0.012), sharp liver pain (39% vs 18%, P=0.016), poor
concentration (67% vs 42%, P=0.016), constipation (47% vs 26%, P=0.022),
nausea (50% vs 28%, P=0.023), tiredness (92% vs 74%, P=0.032), liver pain (72%
vs 51%, P=0.035), back pain (64% vs 44%, P=0.044).

Table 4.24 shows the number of the symptoms (from the list itemised in

Table 4.22) reported by each participant.
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Table 4.24: Hep573 symptoms per participant at baseline.

Number of symptoms Number of Participants Percentage
per participant

Asymptomatic (0) 4 3.5

1-5 symptoms 16 14.0

6-10 symptoms 29 254

11-15 symptoms 14 12.3

16-20 symptoms 23 20.2

21-25 symptoms 19 16.7

26-30 symptoms 9 7.9

The majority of the Study population experienced numerous symptoms

concurrently. Four participants (3.5%) were asymptomatic, 59 (51.7%) experienced

between one and 15 symptoms and 51 (44.8%) experienced 16 to 30 symptoms.

Because of the huge amount of data generated from the Hep573 Symptom

Questionnaire, and the possibility of false positives from the multiple statistical

analyses with a P-value of 0.05 across the three treatment groups and 34

symptoms (Table 4.22), the symptoms were grouped into the following five

categories of symptoms clusters: 1. neuropsychiatric, 2. neurological, 3.

gastrointestinal, 4. algesic and 5. general.

(1) Neuropsychiatric symptoms include: tiredness, poor sleep, depression, poor

concentration, irritability, wake up tired and mood swings.

(2) Neurological symptoms include: headache, dizziness, vision problems and

dry eyes.

(3) Gastrointestinal symptoms include: liver pain, sharp liver pain, dull liver pain,

nausea, vomiting, diarrhoea, constipation, poor appetite, indigestion, gas

after meals, gas anytime and pale stools.

(4) Algesic symptoms include: tired aching muscles, back pain and joint pain

and

(5) General symptoms include: skin problems, bleeding gums, fevers, swollen

ankles, frequent urination, night sweats and dark urine.

These groupings were influenced by the work of Lang, et al., *®® and adapted

for an additional 13 questions compared to 21 questions used by those authors.
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Table 4.25: P-value for homogeneity of the within participant change from Weeks
0-24, Weeks 24-48 and from Weeks 0-48 by treatment group (obtained

from LMES)
Variable Weeks 0-24 Weeks 24-48 Weeks 0-48
Number of symptoms
Neuropsychiatric 0.298 0.472 0.869
symptoms
Neurological symptoms | 0.097 0.031 0.313
Gastrointestinal 0.347 0.923 0.277
symptoms
Algesic 0.701 0.134 0.886
Symptoms
General 0.427 0.033 0.797
Symptoms
Symptom frequency
Neuropsychiatric 0.044 0.101 0.445
frequency
Neurological frequency | 0.028 0.001 0.195
Gastrointestinal 0.218 0.609 0.438
frequency
Algesic 0.400 0.207 0.871
frequency
General 0.100 0.005 0.482
frequency
Symptom severity
Neuropsychiatric 0.343 0.137 0.654
severity
Neurological 0.142 0.017 0.152
severity
Gastrointestinal 0.175 0.746 0.664
severity
Algesic 0.111 0.755 0.617
severity
General 0.590 0.007 0.792
severity

Key: yellow highlighting shows P-values <0.05

For each of the five major symptom clusters groupings, there was no
statistically significant difference between treatment in the within participant change
in the number of symptoms in the relevant symptom clusters observed from Weeks
0-24. There were statistically significant differences between treatment in the within
participant change over time at Week 24 compared to baseline in symptom
frequency of two symptom clusters (Table 4.26, Table 4.27, Figure 4.10 and Figure
4.11). The within participant changes from Weeks 0-24 are reported separately for
each treatment group in the following section. For reasons of clarity in the Figures,
no P-values for the separate within participant changes over time are shown. If the
entire confidence interval for the change lies below zero, there has been a

statistically significant decrease over time for this group.
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95% CIl Change neuropsychiatric frequency week 0-24

Placebo Silymarin SOX

Treatment

Figure 4.10: Change in the frequency of neuropsychiatric symptom clusters
at Week 0-24 by treatment group with 95% confidence interval.

Table 4.26: Pairwise comparisons between treatment groups of the change in
the frequency of neuropsychiatric symptom clusters from Weeks

0-24.
Pairwise Comparisons
LSD
95% Confidence
Mean Interval

Dependent Difference | Std. Lower | Upper
Variable (I) Treatment|(J) Treatment (1-3) Error | Sig. | Bound | Bound
Change Placebo Silymarin -4.7683°| 2.0152| .020| -8.766 -.770
neuropsychiatric SOX -7582|1.9721| .701| -4.671] 3.155
requency week | Siymarin  |Placebo 4.7683] 2.0152] 020 .770] 8.766
SOX 4.0101| 1.9875| .046 .067| 7.953
SOX Placebo .7582/1.9721| .701| -3.155 4.671
Silymarin -4.01017) 1.9875| .046| -7.953| -.067

*. The mean difference is significant at the 0.05 level.

As shown in Figure 4.10 and Table 4.26, the statistically significant
decreases in the frequency of neuropsychiatric symptoms from Weeks 0 at Weeks
24 were comparable in the placebo and SOX groups (P=0.701), and significantly
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larger than the non significant change in the silymarin group (P=0.020 and

P=0.046) respectively.

95% CI Change neurological frequency week 0-24

T
Placebo

T
Silymarin

Treatment

|
SOX

Figure 4.11: Change in the frequency of neurological symptom clusters from
Weeks 0-24 by treatment group with 95% confidence interval (ClI).

Table 4.27: Pairwise comparisons between treatment groups of the change in
frequency of neurological symptom clusters from Weeks 0-24.

Pairwise Comparisons
LSD
95% Confidence
Mean Interval

Dependent Difference| Std. Lower | Upper
Variable (I) Treatment|(J) Treatment (1-3) Error | Sig. | Bound | Bound
Change Placebo Silymarin -1.85651°| .75359| .015| -3.3516| -.3614
neurological SOX -.17974] .73749| .808| -1.6429| 1.2834
gfez‘i“ency week |Siymarin  |Placebo 1.85651| .75359| .015| .3614| 3.3516
SOX 1.67677|.74321| .026 .2023| 3.1513
SOX Placebo 17974|.73749| .808| -1.2834| 1.6429
Silymarin -1.676777|.74321| .026| -3.1513| -.2023

*. The mean difference is significant at the 0.05 level.
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As shown in Figure 4.11 and Table 4.27, the statistically significant
decreases in the frequency of the neurological symptom clusters from Weeks 0- 24
were comparable in the placebo and the SOX groups (P=0.808) and significantly
larger than the non significant change observed in the silymarin group (P=0.015,
P=0.026) respectively.

The next section of Figures and Tables refers to the within participant
changes from Weeks 24-48 (follow-up period) where the statistically significant
differences between treatments in symptom clusters will be reported separately for
each treatment group. (Figure 4.12-Figure 4.17 and Table 4.28-Table 4.29).

3-

95% CI Change neurological symptoms week 24-48

T T T
Placebo Silymarin SOX

Treatment

Figure 4.12: Change in neurological symptom clusters from Weeks 24-48 by
treatment group with 95% confidence interval (ClI).
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95% CI Change neurological frequency week 24-48

Placebo Silymarin SOX
Treatment

Figure 4.13: Change in the frequency of neurological symptom clusters from
Weeks 24-48 by treatment group with 95% confidence interval
(cn.
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95% CI Change neurological severity week 24-48

Placebo Silymarin SOX

Treatment

Figure 4.14: Change in neurological symptoms clusters severity from Weeks
24-48 by treatment group with 95% confidence interval (Cl).
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Table 4.28: Pairwise comparisons between treatment groups and
neurological symptom clusters at Weeks 24-48.

Pairwise Comparisons

LSD

95% Confidence
Mean Interval
Dependent Difference | Std. Lower | Upper
Variable (I) Treatment |(J) Treatment (1-3) Error | Sig. | Bound | Bound
Change Placebo Silymarin .13333|.26304| .614| -.9389| .0565
neurological SOX -522587|.25395| .043| -.4282| .5459
symptoms , ,

Week 24-48 Silymarin Placebo -.13333|.26304| .614| -.0565 .9389
SOX -.65591°.26102| .014| .0092| .9908
SOX Placebo 52258'| 25395 .043| -.5450| .4282
Silymarin .65591°].26102| .014| -.9908| -.0092
Change Placebo Silymarin 1.08889|.74531| .148| -3.3516| -.3614
neurological SOX -1.66022°| .71956| .023| -1.6429| 1.2834
reaueney & |Siymarin  |Placebo -1.08889|.74531] .148] 3614 3.3516
SOX -2.74910°|.73960| .000| .2023| 3.1513
SOX Placebo 1.660227.71956| .023| -1.2834| 1.6429
Silymarin 2.74910°|.73960| .000| -3.1513| -.2023
Change Placebo Silymarin .29259|.42519| .493| -1.6368 .0521
neurological SOX -.88065|.41049| .035| -.9571| .6957
oo 4 |Siymarin |Placebo -29250| 42510 493 -.0521] 1.6368
SOX -1.17324°| .42192| .007| -.1712| 1.4944
SOX Placebo .88065|.41049| .035| -.6957| .9571
Silymarin 1.17324°.42192| .007| -1.4944| 1712

*, The mean difference is significant at the 0.05 level.

As shown in Figure 4.12 to Figure 4.14 and Table 4.28 above, the
decreases in the number of neurological symptom clusters in the follow-up period
(Weeks 24-48) was comparable in the placebo and silymarin groups (P=0.614),
and significantly larger in these groups than the increase observed in the SOX
group (P=0.043, P=0.014) respectively.

The decrease in the frequency of the neurological symptom clusters in the
follow-up period was comparable in the placebo and silymarin groups (P=0.148),
and significantly larger than the significant increase in frequency observed in the
SOX group (P=0.023, P<0.001) respectively.

The decrease in the severity of the neurological symptom clusters in the
follow-up period was comparable in the placebo and silymarin groups (P=0.493),
and significantly larger in these groups than the significant increase in severity
observed in the SOX group (P=0.035, P=0.007) respectively.
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95% CI Change general symptoms week 24-48

I I |
Placebo Silymarin SOX

Treatment

Figure 4.15: Change in general symptoms clusters from Weeks 24-48 by
treatment group with 95% confidence interval (ClI).
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95% CI Change general symptoms week 24-48

I I |
Placebo Silymarin SOX

Treatment
Figure 4.16: Change in the frequency of general symptom clusters from

Weeks 24-48 by treatment group with 95% confidence interval
(C).
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95% CI Change general severity week 24-48
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Figure 4.17: Change in general symptoms clusters severity from Weeks 24-
48 by treatment group with 95% confidence interval (Cl).

Table 4.29: Pairwise comparisons between treatment groups of the change
in general symptom clusters at Weeks 24-48.

Multiple Comparisons

LSD
95% Confidence
Mean Interval
Dependent Difference | Std. Lower | Upper
Variable () Treatment |(J) Treatment (1-9) Error | Sig. | Bound | Bound
Change Placebo Silymarin .63333"|.27759| .025| .0814| 1.1853
general SOX -.02258|.26800| .933| -.5554| .5103
symptoms - ; -
Week 24-4g |Silymarin Placebo —.63333* 27759 .025| -1.1853| -.0814
SOX -.65591 |.27546| .019| -1.2036| -.1082
SOX Placebo .02258|.26800| .933| -.5103| .5554
Silymarin .65591°| .27546| .019 .1082| 1.2036
Change Placebo Silymarin 2.81852°|.95113| .004| .9274| 4.7096
general SOX .08495|.91827| .927| -1.7408| 1.9107
frequency - ; -
Week 24-48 Silymarin Placebo —2.81852* .95113| .004| -4.7096| -.9274
SOX -2.73357|.94383| .005| -4.6102| -.8570
SOX Placebo -.08495|.91827| .927| -1.9107| 1.7408
Silymarin 2.733571.94383| .005 .8570| 4.6102
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Table 4.29: Pairwise comparisons between treatment groups of the change
in general symptom clusters at Weeks 24-48.
Multiple Comparisons
LSD
95% Confidence
Mean Interval
Dependent Difference | Std. Lower | Upper
Variable (I) Treatment |(J) Treatment (1-3) Error | Sig. | Bound | Bound
Change Placebo Silymarin 1.05926'| .41004| .011 .2440| 1.8745
general SOX -.17849|.39587| .653| -.9656| .6086
oY 4 |Silymarin Placebo 105926 |.41004] .011[ -18745| -2440
SOX -1.23775|.40689| .003| -2.0468| -.4287
SOX Placebo .17849|.39587| .653| -.6086| .9656
Silymarin 1.237757| .40689| .003 4287 2.0468
*, The mean difference is significant at the 0.05 level.

As shown in Figure 4.15-Figure 4.17 and Table 4.29, the increase in the
number of general symptoms clusters in the follow-up period was comparable in
the placebo and the SOX groups (P=0.933), and significantly larger in these groups
than the decrease observed in the silymarin group (P=0.025, P=0.019)
respectively.

The increases in the frequency of the general symptoms clusters in the
follow-up period was comparable in the placebo and the SOX groups (P=0.927),
and significantly larger than the significant decrease in frequency observed in the
silymarin group (P=0.004, P=0.005), respectively.

The increase in the severity of the general symptoms clusters in the follow-
up period was comparable in the placebo and the SOX groups (P=0.653), and
significantly larger than the significant decrease observed in the silymarin group
(P=0.011, (P=0.003) respectively.

CONFOUNDING FACTORS

Alcohol and Other Drugs Intake By Trial Participants

Table 4.30 documents difference in tobacco consumption, average alcohol
intake, number of standard alcoholic drinks consumed per day, consumption of
more than six standard alcoholic drinks in one drinking session and recreational

drug intake at baseline between the treatment groups.

172



Table 4.30: Alcohol and drug intake at baseline with the associated P-value.

Outcome | Tobacco | Average | Standard Consumed | Recreation
alcohol | drinks (SD) |>6SDon |druguse
intake per day one

occasion
P-value 0.536 0.686 0.880 0.642 0.077

From Table 4.30, it can be seen that there was no statistically significant
evidence of differences between the groups with respect to tobacco, alcohol and

%1 There was also

recreational drug consumption at baseline (Kruskal-Wallis test).
no statistically significant evidence of differences between the groups with respect
to the within participant changes in these outcomes from Weeks 0-24, Weeks 24-
48 and Weeks 0-48.

Table 4.31-Table 4.33 following show the daily alcohol intake per treatment
group at baseline, Weeks 24 and 48 respectively.

Table 4.31: Daily alcohol intake (grams) per treatment group at baseline with
median and interquartile ranges.

Alcohol per day Week 0
Median Percentile 25 Percentile 75
Treatment Placebo .33 .00 1.97
Silymarin .66 .00 3.45
SOX .66 .00 3.45

From Table 4.31, there was no statistically significant evidence of a
difference in daily alcohol consumption at baseline across the three treatment
groups. (P=0.809) (Kruskal-Wallis).

Table 4.32: Daily alcohol intake (grams) per treatment group at Week 24 with
median and interquartile ranges.

Alcohol per day Week 24
Median Percentile 25 | Percentile 75
Treatment |Placebo .00 .00 1.97
Silymarin .33 .00 5.42
SOX .00 .00 1.48

There was no statistically significant evidence of a difference in daily alcohol
consumption at Week 24 across the three treatment groups (P=0.664) (Kruskal-
Wallis).
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Table 4.33: Daily alcohol intake (grams) per treatment group at Week 48 with
median and interquartile ranges.

Alcohol per day Week 48
Median Percentile 25 | Percentile 75
Treatment |Placebo .00 .00 1.97
Silymarin .66 .00 3.94
SOX .00 .00 1.97

There was no statistically significant evidence of a difference in daily alcohol
consumption at Week 48 across the three treatment groups (P=0.245) (Kruskal-
Wallis).

Body Mass Index (BMI)

There was a significant interaction between treatment groups and BMI at
Week 24 compared to Week 0 (P=0.034). The silymarin group compared to the
placebo group had a reduction of 0.4 in BMI during the treatment period of 24
weeks (P=0.010). This change in BMI is shown in Table 4.34.

Table 4.34: Change in BMI at Week 24 compared to baseline together with
95% Confidence Interval (Cl), interquartile ranges and P-value.

Mean 95% Confidence Interval
Difference
(I) Treatment |(J) Treatment (1-9) Std. Error| Sig. |Lower Bound| Upper Bound
Placebo Silymarin 65798 .25074 .010 .1605 1.1554
SOX .25792 .24538 .296 -.2289 .7448
Silymarin Placebo -.65798" .25074 .010 -1.1554 -.1605
SOX -.40006 .24728 .109 -.8907 .0905
SOX Placebo -.25792 .24538 .296 -.7448 .2289
Silymarin .40006 24728 .109 -.0905 .8907
* The mean difference is significant at the 0.05 level.

Diet Questionnaire

The Diet Questionnaire was administered monthly to the Study participants.

The central question posed in the statistical analysis of the results was whether

there was a change in food consumption in the identified items over time from

Weeks 0-24, Weeks 24-48 and from Weeks 0-48. McNemar tests were used to

assess whether participants systematically changed the presence or absence of a
particular food consumed from one time to another. The percentage experiencing
any ill feeling from consuming a particular food is shown. For those who consumed

636

a particular food type at the two time-points, Wilcoxon Signed Ranked tests™ were
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used to test for changes in severity score (0-3 scale) over time due to the food

consumed.

Table 4.35 shows the proportions of participants consuming each food type

and if consumed, the percentage experiencing ill effects for each treatment group

at Weeks 0, 24 and 48.

Table 4.35: Percentage of Hep573 Study population consuming specified food
groups, any ill effect associated with its consumption across the

three Study treatment groups at Weeks 0, 24 and 48.

Treatment
Placebo Silymarin SOX
% Valid N % Valid N % Valid N
Any protein wk 0 92 38 97 39 95 37
Any protein wk 24 88 34 100 33 100 36
Any protein wk 48 81 31 93 27 97 31
Any fat wk 0 100 38 95 39 100 37
Any fat wk 24 97 34 100 33 94 36
Any fat wk 48 97 31 100 27 100 31
Any carbohydrate wk 0 100 38 100 39 100 37
Any carbohydrate wk 24 97 34 100 33 100 36
Any carbohydrate wk 48 97 31 100 27 100 31
Any alcohol wk 0 47 38 56 39 51 37
Any alcohol wk 24 44 34 48 33 39 36
Any alcohol wk 48 42 31 56 27 32 31
Any coffee wk 0 66 38 77 39 62 37
Any coffee wk 24 79 34 70 33 53 36
Any coffee wk 48 77 31 70 27 58 31
If protein, made sick wk 0 66 35 74 38 69 35
If protein, made sick wk 24 63 30 70 33 58 36
If protein, made sick wk 48 76 25 72 25 73 30
If fat, made sick wk 0 40 38 27 37 24 37
If fat, made sick wk 24 21 33 21 33 18 34
If fat, made sick wk 48 27 30 22 27 26 31
If carbohydrate, made sick wk 0 40 38 36 39 38 37
If carbohydrate, made sick wk 24 33 33 30 33 33 36
If carbohydrate, made sick wk 48 33 30 33 27 42 31

175




Table 4.35: Percentage of Hep573 Study population consuming specified food
groups, any ill effect associated with its consumption across the

three Study treatment groups at Weeks 0, 24 and 48.

Treatment
Placebo Silymarin SOX
% Valid N % Valid N % Valid N
If alcohol, made sick wk O 33 18 23 22 37 19
If alcohol, made sick wk 24 20 15 06 16 21 14
If alcohol, made sick wk 48 08 13 13 15 20 10
If coffee, made sick wk O 36 25 10 30 22 23
If coffee, made sick wk 24 19 27 09 23 16 19
If coffee, made sick wk 48 17 24 05 19 22 18
Key:
% =percentage,
N =number,
Wk =week

Table 4.36: Change in severity (how sick) over time across the treatment
groups with corresponding P-value of homogeneity

Change in severity over time Homogeneity
P-value
Change protein, how sick wk 0-24 0.805
Change protein, how sick wk 24-48 0.294
Change protein, how sick wk 0-48 0.543
Change fat, how sick wk 0-24 0.293
Change fat, how sick wk 24-48 0.741
Change fat, how sick wk 0-48 0.338
Change carbohydrate, how sick wk 0-24 0.799
Change carbohydrate, how sick wk 24-48 0.219
Change carbohydrate, how sick wk 0-48 0.806
Change alcohol, how sick wk 0-24 0.255
Change alcohol, how sick wk 24-48 0.256
Change alcohol, how sick wk 0-48 0.439
Change coffee, how sick wk 0-24 0.257
Change coffee, how sick wk 24-48 0.875
Change coffee, how sick wk 0-48 0.055

Table 4.36 shows that there was no interaction between the size of the

change in the severity score (how sick) from food consumption over time by

treatment group (Kruskal-Wallis ANOVA test).

Caffeine Questionnaire

Table 4.37, shows the within participant change in caffeine intake across the

three treatment groups at Weeks 0-24, 24-48 and 0-48.
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Table 4.37: Summary statistics for caffeine intake and within patient changes
in intake over time (mean and standard deviation).

Treatment
Placebo Silymarin SOX

Mean Standard Mean Standard Mean Standard

Deviation Deviation Deviation

Caffeine Week 0 1754 1606.9 1979.7 1735.4 1724.3 1423.7

Caffeine Week 24 1495.4 1494.7 1748.9 1421.8 1756.1 1577.5

Caffeine Week 48 1459.3 1336.6 1802.5 1712.1 2167.4 1746
Change caffeine

Weeks 0-24 -315.4 1192 -239.1 1368.4 31.8 1075.7
Change caffeine

Weeks 24-48 -72.3 1027.2 -49.3 615.4 233.6 956.1
Change caffeine

Weeks 0-48 -354.1 960.1 -56.5 1218.7 284.6 1435

Table 4.37 shows that the average weekly caffeine intake at Week O per
participant was 1819 mg caffeine, compared to 1667 mg at Week 24 and 1810 mg
at Week 48.

Table 4.38 shows the difference in caffeine intake changes by treatment
group at Weeks 0-24, 24-48 and 0-48.

Table 4.38: Oneway ANOVA to test for difference in caffeine intake changes
by treatment group.

F Sig.
. Between Groups .809 448
Change caffeine Weeks Within Groups
0-24
Total
. Between Groups 1.104 .336
Change caffeine Weeks Within Groups
24-48
Total
. Between Groups 2.126 125
Change caffeine Weeks Within Groups
0-48
Total

There were no statistically significant differences in the within participant
change in caffeine intake between the three treatment groups from Week 0 at
Week 24 (P=0.448), from Week 24 at Week 48 (P=0.336) and from Week 0 at
Week 48 (P=0.125).
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ADVERSE EVENTS

The following adverse events presented in Table 4.39 were reported to the relevant

Human Research Ethics Committees and the Therapeutic Goods Administration

(with the exception of those marked with an asterisk).

Table 4.39: Occurrence of adverse events by treatment group.

Placebo

Silymarin

SOX

Plane crash (103)

Chest pain (125)

Diverticular abscess (106)

Irritability, Liver pain (203)*

Respiratory Tract infection
(310)

Irritability (209)*

Right-sided abdominal pain
(344)

Chest pain, headache, blurred
vision (341)

Suicide (334)

Fatigue, rash (223)*

From Table 4.39, the only adverse event related to the trial preparations

was an idiosyncratic reaction to silymarin which included: dry mouth, blurred vision,

headache and ’hot feeling on upper chest’. This reaction stopped when the product

was no longer taken.
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CHAPTER 5

DISCUSSION

FINDINGS OF THE STUDY

This Study has shown that the use of silymarin and antioxidants (SOX) has a
beneficial effect in normalising ALT levels in participants with chronic hepatitis C
over 24 weeks. This was achieved in participants predominantly infected with HCV
genotype 1. The SOX intervention also significantly increased QOL. By 24 weeks
off treatment, all treatment differences were lost, suggesting the benefit in reducing
hepatic necroinflammation and improving QOL was due to active treatment.

The data relating to OS showed a trend towards significance. A new trial
using optimal doses of SOX as informed by current research could prove the link

between ALT normalisation and a reduction of oxidative stress.
Alanine Aminotransferase (ALT) Normalisation

In this cohort of CHC participants with Child-Pugh <7, ALT normalisation
was dependent on treatment. The SOX group achieved a higher rate of ALT
normalisation (10/39, P=0.002) compared to placebo (2/39, P=0.02), or silymarin
(1/40, P=0.003) at Week 24.

In the subset analysis, the ALT normalisation was most evident in HCV
genotype 1 (P=0.008), which is often refractory to pegylated interferon and ribavirin
therapy. Those with ALT normalisation in the SOX group had a mean 43.4%
reduction in ALT levels at Week 24, compared to Week 0. Two had persistently
normal ALT levels over the 24 weeks, while two had one normal ALT during
treatment and again at Week 24; the remaining six normalised at Week 24;
suggesting that long-term administration is required for ALT normalisation.

An elevated ALT is an indication of hepatocyte necrosis and inflammation.
Hepatic necroinflamation drives liver disease progression leading to advanced

fibrosis and eventually to liver cirrhosis and HCC.3""1°>159187 A reduction in ALT is
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associated with reduced liver disease progression, a positive outcome for patients
with active HCV infection.

This positive finding of ALT normalisation in HCV genotype 1 participants is
clinically interesting. It suggests there may be HCV genotype-specific interactions

302,637

with oxidative stress with glutathione (GSH) depletion more marked in

genotype 1 CHC patients compared to genotype 2 or 3 CHC patients.?%
Decreased GSH levels may be involved in liver disease progession as this
depletion sensitises the hepatocyte to a necrotic death rather than an apoptotic
one. A previous study confirmed that reduced concentrations of glutathione in the
liver, plasma and PBMC in CHC patients correlated with ALT elevations (P<0.001)
and fibrosis scores (P<0.001).*'° This may mean interventions which maintain
glutathione levels may have specific relevance to genotype 1 patients. This

warrants further examination.
F..lsoprostanes

Whilst the reduction in F,.isoprostanes from Weeks 0-24 differed by
treatment, as there was a significant significant fall in the F,.isoprostanes in the
SOX group (P=0.003), but not in the placebo (P=0.066) or silymarin groups
(P=0.666); it failed to reach statistical significance (P=0.071) overall (interaction)
(LMEs). This is indicative of a trend towards SOX treatment lowering F».

isoprostanes.
HCV RNA Viral Load

The within participant change in HCV RNA observed during the Study
period did not differ between the treatment groups.

At the commencement of this Study in 2003, there was no supporting
literature to show that oral herbal medicines or vitamins could influence HCV RNA;
however, recent work has shown that an intravenous dose of silibinin (1400

mg/day) can significantly reduce HCV RNA levels.*®

468,455

Extrapolating from bioavailability figures, the oral daily dose of silibinin

(720 mg) used in the Hep573 Study was between 3.8 to 7.7 times lower than the

dose Ferenci, et al.,*®

identified as being required to substantially reduce HCV
RNA in CHC patients. This Study may have found additional response if a higher

oral dose of silibinin had been used than 720 mg per day.
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FibroTest and Hepascore

There was no interaction between treatment and a change in FibroTest,
Hepascore or hyaluronic acid during the Study period. This was not unexpected,
given the short treatment duration of 24 weeks.

However, it was observed that from Week 0 to Week 48, the FibroTest score
increased by 30.2% in the placebo group (P=0.085), by 3.1% in the silymarin group
(P=0.855) and by 0.1% in the SOX group (P=0.993).

While these results are not statistically significant, the 30% increase in the
FibroTest score in the placebo group, compared to the silymarin and SOX groups is
of potential clinical significance. Extended treatment with antioxidants for 2—-5
years, could positively influence the natural history of hepatitis C and liver disease

progression.
Association between F,isoprostanes and ALT and FibroTest

There was a weak positive correlation between the within participant change
in both ALT and FibroTest and the within participant change in the F,.isoprostanes
at Week 24. This correlation was as expected as F,.isoprostanes are measuring
the consequence of OS in one pathway (lipid peroxidation) and the ALT and
FibroTest reflect multiple events in the liver (necrosis, inflammation, fibrosis) not
just OS.

Mental Component Summary Score and Vitality

The overall improvement in QOL, MCS score in the SOX group at Week 24
may have been influenced by the statistically significant improvements in two of its
four components, mental health (P=0.012) and vitality (P=0.001).

The systematic review by Speigel, et al., identified that the vitality scale was
one of the key domains most affected by HCV and therefore, the most important
predictor of QOL status in HCV infection.®*®

There was an absolute positive change in the vitality scale of +5.6 in the
SOX group (P=0.001) which was higher than the +1.6 achieved in the silymarin
group (P=0.351) and +1.0 in the placebo group (P=0.564) at Week 24 compared to
baseline. The extra percentage weighting placed on the vitality scale within the
MCS measure in the HQLQ™v1,% increases the clinical significance of this finding
and is also reflective of the naturopathic treatment goal to restore vitality in the

patient.
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The Study population had significantly lower baseline scores for QOL
compared to the Australian population indicating that these CHC participants felt
their symptoms keenly. PCS and MCS scores were 13% and 15% respectively
lower than the Australian population. Improving QOL is a significant achievement,
as improved QOL leads to improved life choices.

The cessation of treatment was associated with a significant decline back to
baseline levels in MCS and in mental-health status in the SOX group with similar
absolute negative changes of -4.0 in MCS (P=0.021) and -4.1 in mental health
(P=0.004). A return to baseline levels is expected on cessation of treatment.

Hepatitis-specific items in HQLQ™

The hepatitis-specific items in the HQLQ™v1, for the SOX group in the
follow-up period showed a similar return to baseline as reported above. There was
a significant decline in personal well-being with an absolute negative change of -
11.5 (P=0.0001) in the SOX group compared to a -1.8 change in the placebo group
(P=0.536) and a +1.9 improvement in the silymarin group (P=0.528). This further
strengthens the notion that the benefit seen in the SOX group was a treatment
effect which declined post-treatment.

However, contrary to the findings in the SOX group, the silymarin group
improved in one of the hepatitis-specific items post-treatment. There was a
significant improvement in hepatitis-specific limitations in the silymarin group, with
absolute positive changes of +10.1 from Weeks 24-48 (P=0.002) and of +9.2 from
baseline to Week 48 (P=0.043). The participants in the silymarin group were far
less limited in their activities due to the presence of HCV infection in both the
follow-up period and from baseline to Week 48 compared to placebo group and the
SOX group.

The effects of silymarin are many and it is known as a trophorestorative to
the liver. This Study focussed on the viral, oxidative stress and inflammatory
processes; other measures may have identified the direct cause for this

improvement.
SF-36 Scales and Australian Population Norms

The mean scores for the SF-36 scales at Week O for the entire Hep573
Study population were substantially lower than Australian Bureau of Statistics
National Health Survey SF-36 Population Norms 1997 for the Australian population,
NSW population and one illness population.®*
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The significant improvements in QOL reported from the ingestion of SOX for
six months are clinically relevant given the severe impairment in each of the
subscales at baseline in this hepatitis C Study population compared to the
Australian healthy population.

Body Mass Index

There was a significant association between treatment and BMI at Week 24
compared to Week 0 (P=0.034). The silymarin group had a reduction of 0.4 in BMI
from Weeks 0-24 (P=0.010) compared to the placebo. The anti-diabetic and

hypoglycaemic properties of silymarin may have contributed to this finding.**®®%

Symptom Prevalence

Fatigue is defined as a feeling of weariness, tiredness or lack of energy.®*?
The present Study found the most prevalent symptom at baseline was ‘tiredness’
(91/118, 80%). This percentage is substantially higher than 45-62% experiencing
fatigue reported by other studies.*****® The second and third most frequently
reported symptoms in the Hep573 Study were ‘waking up tired’ (84/118, 74%) and
‘poor sleep’ (71/118, 71%).

The remaining seven symptoms in the 10 most prevalent symptoms were:
irritability (69/118, 60.5%), liver pain (66/118, 58%), tired aching muscles (66/118,
58%), depression (59/118, 52%), gas after meals (58/118, 51%), back pain
(57/118, 50%) and poor concentration (57/118, 50%). Women were significantly
overrepresented in six out of 10 of these symptoms compared to men in the Study
population. (These gender differences will be discussed in relation to the Lang, et

al.,'® study in the section entitled: ‘Comparisons with other studies’.)

Symptom Clusters in the Study Population

The SOX intervention significantly reduced the frequency of the neurological
symptom clusters from baseline to Week 24 and then showed a corresponding
rebound increase back to baseline levels in the follow-up period (treatment effect).

During the follow-up period, the silymarin group consistently showed a
significant decrease in the number, frequency and severity of the general symptom
clusters, compared to increases in both the placebo and SOX groups. The
silymarin group showed sustained improvement in general symptoms, the

measures to elucidate the causes for this were not taken.
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Alcohol

The fact there were no significant differences between the treatment groups
in alcohol intake during the entire Study period is encouraging and interesting.
Overall, this group had a low alcohol intake and the fact that it did not change
supports the conclusion that improved liver function was related to treatment rather

than altered alcohol intake.
Diet

There were no interactions detected between diet and treatment throughout
the Study duration, again supporting a treatment effect of the SOX intervention.

Caffeine

There were no statistically significant differences in the within participant
change during the entire Study in caffeine intake between the treatment groups.
Reporting this non significant finding in caffeine intake is necessary to
accommodate the conflicting views surrounding caffeine intake between traditional
naturopathic teaching and medicine. Previous naturopathic doctrine considered
coffee was harmful to the liver and not associated with a healthy lifestyle. Recent
scientific literature throws into question this traditional naturopathic teaching, as
studies have found drinking more than three cups of coffee per day improved SVR
to pegylated interferon and ribavirin®’ and reduced the relative risk to 0.47 (or by
53%) for liver disease progression in CHC participants with bridging fibrosis or
cirrhosis at baseline.**®

649,650 and

In addition, there is a growing body of evidence that both tea
coffee® contain antioxidant properties. Therefore, the monitoring of caffeine intake
throughout the Study was an important aspect of its design, given that antioxidant
interventions were being examined. The finding of no statistically significant
differences between the groups in caffeine intake over time, strengthens the value
of the SOX intervention regardless of the antioxidant content in the caffeine-

containing tea and coffee beverages.
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ADVERSE EVENTS

Safety of the Trial Interventions

Similar numbers of participants experienced adverse effects in the three
treatment groups (placebo, N=3; silymarin, N=4; SOX, N=3). The only adverse
effect directly linked to the trial preparations was an idiosyncratic reaction in one
participant to silymarin which resolved immediately when the dose was stopped.
(Refer also to Chapter 4 ‘Results’, page 178.)

STRENGTHS OF THE STUDY

Design Strengths of the Study

The Hep573 Study was a randomised, double-blind, placebo-controlled trial
of CMs in the treatment of chronic hepatitis C. It utilised standard inclusion and
exclusion criteria and post-treatment follow-up, similar to pegylated interferon and
ribavirin trials. Outcome measures which had not been routinely used in other
randomised controlled CM studies in chronic hepatitis C participants at the time of
initiating this Study, such as F,.isoprostanes, HCV RNA Quantitation (Viral Load),
FibroTest and HQLQ ™v1 were all used.

The possibility of confounding factors such as alcohol, caffeine, tobacco,
recreational drugs and diet were all examined. There were no statistically
significant changes in consumption in these factors, strengthening the likelihood
that the positive results in the SOX group were due directly to the active
interventions used.

The research team was comprised of members with specialist knowledge of
hepatitis C virus infection, complementary medicine and research methodologies:
hepatologists, hepatitis C nurse consultants, a biomedical statistician and a CM
practitioner as the Study Coordinator.

Rigour and Sample Selection.

The Study cohort was generally reflective of the Australian HCV genotype
distribution with genotypes 1 and 3 being the most common. This Study cohort is

652

reflective of the worldwide predominance of genotype 1°°° (except in Egypt and

Japan). See Table 5.1 following.
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Table 5.1: Genotype distribution comparison between Australian and Hep573

data
HCV Genotype Australia wide Hep573 cohort
1 55% 67%
2 8% 2.5%
3 33% 28%
4 4% 2%

The previous complementary medicine intake (48%) amongst the Hep573
Study participants was similar to the extrapolated national average of

complementary medicine intake of 52% in 2000."**

Thus a good representative
sample of chronic hepatitis C participants across the HCV genotypes and their

relationship to complementary medicine was obtained in the present Study.
Validating the Study Aims.

Five of the eight scientific aims of this Study (outlined on page 3) were
substantiated by this trial:

(1) The primary efficacy outcome of ALT normalisation at Week 24 was
dependent on treatment (P=0.002) with silymarin and antioxidants (SOX).
ALT levels were lowered by 43.4% (on average) in this group and this is
known to be associated with reduction in hepatic necroinflammation. (aim
1)

(2) The safety of the trial interventions was independently reviewed in this
Study and the products were declared safe in this cohort of chronic
hepatitis C participants. (aim (5)).

(3) This Study demonstrated that in the setting of chronic HCV infection, oral
Silybum marianum in combination with other antioxidants targeting OS and
liver inflammation was more effective in normalising ALT levels than
Silybum marianum alone. Its contribution to the result achieved in the SOX
group cannot be quantified. (aim (6)).

(4) ALT normalisation occurred in HCV genotype 1 participants (P=0.008)
significantly more frequently than in non genotype 1 participants. This
suggests that SOX treatment may be more effective in genotype 1
participants. It had been assumed that those participants with HCV
genotypes 2 and 3 would be more responsive to naturopathic treatment
((Chen JJ, oral communication, 2002), also observed in traditional Chinese
medicine) as is the case with pegylated interferon and ribavirin. This finding

needs independent verification. It requires a study with equal numbers of
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genotype 1 vs genotype 3 (the two most common HCV genotypes in
Australia) and a power calculation based on the genotype differential as the
primary outcome measure. (aim (7)).

(5) An improvement in QOL was dependent on treatment (P=0.024) as the
MCS score improved significantly in SOX group at the end of the 24-weeks
treatment period (P=0.002). (aim (8)).

The following three study aims were not substantiated in this research and future
research directions are suggested at the end of this chapter:

(1) There was a trend towards SOX altering OS processes (P=0.071).

In addition, there was a weak positive association between F;.isoprostanes
and both, ALT and FibroTest at Week 24. A larger sample size than that
used here, may help determine this association. (aim 2)).

(2) There was no significant reduction in HCV RNA (viral load). The issue of
HCV RNA viral load appears dependent on dose and route of
administration. (aim (3)).

(3) There was no significant reduction in hepatic fibrosis. The fibrosis outcome
may need a longer time frame, e.g., two-five years to assess the

effectiveness of an antioxidant intervention. (aim (4)).

A thorough evaluation of the literature was conducted to establish the need
for the Hep573 Study. This review has confirmed the selection of interventions and

has informed some future research directions.
Secondary Strengths of the Study

The Hep573 Study provided the vehicle for a group of people to gain access
to hospital liver outpatient clinics as some, unknown to them, had advanced liver
disease and required urgent medical attention. The hospital liver clinic had an
alternative treatment protocol to offer hepatitis C participants who were ineligible to
participate, or chose not to participate in standard antiviral therapy.

The combination of herbal medicines and vitamins used in the Hep573
Study reflected standard naturopathic protocol in Australia by targeting the

multifactorial disease mechanisms of chronic HCV infection.
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e As oxidative stress is a major pathway contributing to liver injury,
interventions with primarily antioxidant pharmacological actions were
chosen.

e Other mechanisms of the hepatitis C disease process were also targeted in
the choice of trial interventions. Mechanisms including antifibrotic, anti-
inflammatory, hepatoprotective, immune-modulating, as highlighted in the
naturopathic protocol in Chapter 2 Literature Review and Table 2.7 and
Table 2.8.

LIMITATIONS OF THE STUDY

The calculated sample size of 171 (57 per treatment arm) was not reached, and
only 118 participants were recruited. The trial was stopped before sample size was
reached because the trial preparations had passed their expiry date and their
stability could not be guaranteed. Even though the sample size in this Study was
not reached, it still achieved findings of statistical significance primarily in the SOX
group.

Liver biopsies were not undertaken to assess whether a change in liver
fibrosis stage had occurred as the participating researchers did not anticipate
gaining Human Research Ethics Committee clearance. Biopsies may also have
deterred some participants from joining the Study. This latter point is supported by
the fact that on 1 April, 2006, the Australian Federal Government removed the
mandatory requirement of a liver biopsy prior to receiving antiviral therapy. This
was an attempt to encourage more Australians with chronic hepatitis C to take up
antiviral therapy, than the 2847 who did in 2006;*° also in light of the HALT-C

119,473

study a measurable change in biopsies would not have been evident in the
HEP573 study time frame.

Serum hepatic fibrosis markers were measured in the Hep573 Study, it was
acknowledged from the outset that fibrotic changes do not evolve quickly. The
HALT-C study"***"® highlighted the need for long-term treatment to affect fibrosis.

This is confirmed by a recent RBPCT study by Fried et al.>®’

of 154 non responders
with HCV infection with an ALT of > 65 U/L. The study concluded that oral silymarin
(legalon) at doses of 420 mg TDS and 700mg TDS over a 24 week period did not

significantly alter biochemical or virological markers of disease progression or
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guality of life scores. The duration of therapy in the Hep573 study was appropriate
for monitoring inflammatory activity and the impact of therapy. The failure to show
any change in fibrosis markers is not surprising but the measurement of the
markers allowed the study to detect change if it had occurred.

Recruitment into the Study was conducted over three years as the
enrolments were much slower than expected. The stipulated wash-out period of 12
weeks from any complementary medicines used in the Hep573 Study hindered
recruitment. In hindsight, this period was deemed to be excessive and a four-week
wash-out period would have sufficed based on an understanding of the half life of
phytochemicals used in this Study.

The duration of HCV infection in those recruited was significantly different
between groups at baseline (P=0.011). The placebo group had a shorter duration
of infection, 21 years (12.5-26), compared to the silymarin group, 25.5 years (20-
30) and the silymarin and antioxidant group 23 years (20-29.5). As age of HCV

152,153

acquisition is considered a more reliable prognostic factor than duration of

158

infection in disease progression,™ the small variation in duration of HCV infection

(24.5 years) is not considered clinically significant in this Study. 3>*°%°%

There was a significant difference in serum globulin levels between the
groups at baseline (P=0.014). The silymarin group had higher levels of globulins
37g/L (32-40), compared to both the placebo 33g/L (29-37) and SOX groups 33g/L
(32-40). The significance of this is unclear, but it is unlikely the higher level in the
silymarin group reflects cirrhosis in this population, as the entire Study population
only included 18 participants with cirrhosis (as determined by clinical examination,
blood tests, ultrasound or biopsy). In addition, none of the other markers of
advanced liver disease such as thrombocytopenia, coagulopathy (INR) as well as
the Hepascore and FibroTest data were present at baseline.

There was a significant difference in HCV RNA viral load at baseline across
the groups (P=0.047) with silymarin (79.3 x 10° viral copies per mL) almost double
the levels of the other two: placebo (32.1 x 10° copies) and SOX (46.8 x 10°
copies). Given that any viral load over 600,000 viral copies is regarded as high viral
load, the issue of viral load will not be discussed further.

There was a significant difference at baseline in LDL cholesterol (P=0.023).
SOX had higher LDL cholesterol at baseline (2.90 mmol/L) compared to placebo
(2.31 mmol/L) or silymarin groups (2.05 mmol/L). LDL cholesterol and F,-
isoprostanes were found to be independent predictors of RVR with antiviral
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therapy.” Higher LD lipoprotein cholesterol levels predict SVR to pegylated

4 The literature

interferon and ribavirin in HIV/Hep C coinfected patients.
concerning LDL cholesterol allows speculation that the higher LDL cholesterol in
the SOX group at baseline may be a factor that contributed to the ALT
normalisation and improved QOL in this group. Studies examining this speculative
association in CM interventions could prove illuminating.

Whole blood glutathione was not measured because funding for inclusion of
this measure unexpectedly fell through once the Study was underway and
alternative funding could not be found. This was a limitation of the Study as serum
glutathione levels are generally reflective of liver-tissue levels. This set of data
would have provided information as to whether the trial ingredients increased the
de novo synthesis of glutathione, thus elucidating a possible mechanism of action
of herbal medicines and vitamins.

The Study used ALT normalisation as its primary outcome measure. The
link between ALT and liver histology and the current debate on normal ranges for
ALT in men and women is covered in detail in the section ‘Normal ALT and liver
histology’ in Chapter 2. Evidence suggests that disease progression is less likely in
patients with persistently normal ALT levels,*?>420:153.160414:421.423.427 b, otj goes so
far as to state that in patients with PNAL, disease progression is halved compared
to those with elevated ALT.**®

The strength of the ALT normalisation achieved in this Study may need to
be reevaluated. Using previously reported laboratory standards, 10/39 participants
in the SOX group achieved ALT normalisation at Week 24. If the current normal

413,634
d

values for ALT (<30 U/L for men, <19 U/L for women) are applie then none of

participants achieved normalised ALT levels. Applying the most frequently reported
normal ALT values in the literature (<40 U/L for men and <31 U/L for women),**®
four out of 10 participants achieved ALT normalisation. Two out of these four
participants achieved PNAL within the six-month Study period.

The inclusion of Hypericum perforatum (Saint John’s wort) was shown to be
a limitation to participant recruitment as this excluded many potential participants
who were already on antidepressants. It excluded others because of potential drug-
herb interactions. Ironically, this herbal medicine along with Eleutherococcus
senticosus (Siberian ginseng) may have contributed to the improved mental-health
status found in the silymarin and antioxidant group. However, this cannot be

proved.
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The standard formulations used in the Hep573 Study did not reflect the
herbal and naturopathic medicine practice in Australia of prescribing treatments
tailored to a patient’s needs. While it is a strength of this Study that the formulations
were standardised across participants (thereby permitting comparisons to be
made), it was also a limitation. This did not permit tailoring of treatment to specific
participant presentations as would be undertaken in a clinical context, thereby
perhaps limiting treatment effectiveness for some participants.

Twenty eight of 118 randomised participants (23.7%) stopped therapy
during the treatment phase (in the first 24 weeks). This percentage is slightly higher
than the assumed drop-out rate of 20% in the sample-size calculation. Thirty three
participants did not finish the full 48-week Study period (27.9%). There were only
five participants lost in the follow-up period from Weeks 24-48, but the Study design
did not allow for an interpretation of why the drop-out decreased after treatment
ended. The drop-out rate in the Hep573 Study was comparable to a recent NAFLD
study of CM (41/180, 22.7%).%%°

It was a limitation of this Study that vitamin E was not included in the

Hep573 trial preparations as emerging data has now shown vitamin E (8001U)%*°

improves liver histology in nonalcoholic steatothepatitis (NASH) patients.®>®%’
Hepatic steatosis is a common histologic feature present in 40-86% of CHC
participants.*® Of those with NASH, 15-25% will develop cirrhosis.*® Both hepatic
fibrosis and cirrhosis are the result of repeated liver injury and extracellular matrix
deposition which are the recognised endpoints of most liver disease.*®* Prior to this
Study, findings about vitamin E were equivocal and, according to Singal, et al.,®*®
they still are in relation to HCV infection.

As outlined in the methods sections of this thesis, the Hep573 Study
comprised of three intervention groups:

(1) Placebo;
(2) Silymarin; and
(3) SOX (silymarin plus antioxidants)

Silymarin was chosen as the intervention arm due to its known
hepatoprotective effects. Silymarin is also a confirmed antioxidant®*® and the
combined effect of silymarin with antioxidants was determined to be another
important intervention arm. The omission of an antioxidant only group is a limitation
in this Study as it could have provided important information on the benefit of

antioxidants alone.
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The standard proprietary product chosen for the SOX arm contained 1000
mg of S. marianum, there was no affordable proprietary product available that could
have provided a suitable antioxidant only intervention. Also in hindsight, a further
division of the participants, given limited recruitment numbers due to a lack of
resources, would have reduced the statistical power of the results. Therefore the
limitations were driven by a pragmatic response to logistics. As previously stated
despite the logistics, the lack of an antioxidant only intervention is a limitation.

COMPARISONS WITH OTHER STUDIES

This is the first randomised double-blind placebo-controlled Study that administered
oral silymarin (720 mg silibinin) and oral antioxidants for six months to chronic
hepatitis C participants. There are very few sound randomised double-blind studies
suitable for comparison with the Hep573 Study. (This has been explored in detail in
the literature review.)

The oral silymarin and oral antioxidants in Hep573 Study achieved a similar
ALT normalisation rate to a non-randomised oral and intravenous antioxidant
combination.”** Considering that intravenous antioxidants have much greater
bioavailability than oral antioxidants, this strengthens the dose and selection of oral
antioxidants in the Hep573 Study.

Gordon, et al.,"” found no improvement in ALT, HCV RNA or QOL in their
cohort of CHC patrticipants who ingested oral silymarin (600 mg or 1200 mg) for 12
weeks. The extra 12 weeks duration in the Hep573 Study, and the addition of
antioxidants combined with silymarin may have contributed to the positive findings
in QOL and ALT in this Study.

The original contribution to the literature made by Lang, et al.,'*®

regarding
both the prevalence and clustering of symptoms reported by CHC participants
added a further layer of understanding to the complexity of the symptom
experience and the deleterious impact of this on the QOL and sense of well-being
in this population.

The most prevalent symptoms in the Hep573 Study were compared to the

Lang, et al.,**®

study; and found to be similar, i.e., poor sleep (71% vs 65%),
depression (51.8% vs 70%), irritability (60.5% vs 75%), and poor concentration
(50% vs 62%)."* The two studies'® had slightly different categories for tiredness.

The Hep573 Study included the symptoms ‘tiredness’ (80%) and ‘wake-up tired’
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(74%) whereas Lang, et al.,*® included ‘physical tiredness’ (86%) and ‘mental
tiredness’ (70%). When both categories are combined into percentages, tiredness
becomes comparable between the two studies, i.e., 76.7% vs 78% respectively.

The gender comparisons between the two studies highlight the fact that
women are more vocal or detailed in their symptom reporting than men. Headaches
(63.9% vs 76%), poor concentration (66.7% vs 71%) and nausea (50% vs 65%)
tiredness percentages were identical (90%).

IMPLICATIONS OF THE HEP573 STUDY

Two very important achievements in this Study were ALT normalisation which, can
be associated with a reduction in hepatic necroinflammation (see the section on
“‘Normal ALT and liver histology” in Chapter 2 for discussion), and an improvement
in mental well-being (MCS) in chronic hepatitis C participants (with the
administration of oral silymarin and oral antioxidants). A reduction in liver
inflammation may reduce the impact and progression of chronic HCV infection.
Improved mental well-being is vital to improved QOL in CHC participants. People
with improved mental well-being might be content to take CM treatment while
waiting for more aggressive/efficacious medical treatment. Improvements in
mental-health and vitality may enable and motivate patients to improve self care
through positive lifestyle choices. It may also reduce social isolation through greater
participation in community activities, further improving clinical outcomes.

The findings may assist a treatment disadvantaged group of CHC
participants as those with HCV genotype 1-as ALT normalisation significantly
occurred in this group.

Roberts, et al., have shown that commencing treatment early in the disease
process can lead to improved SVRs and improved clinical outcomes.* They found
that HCV genotype 1 patients with early liver disease and minimal fibrosis were
more likely to respond to current standard antiviral therapy than those with
advanced liver disease.

This idea of improved clinical outcomes if treated early in disease process

also applied to silymarin,*®473°%

and therefore possibly to antioxidants and CM
generally. It is postulated the genotype 1 patients in the Hep573 Study who had

ALT normalisation, had early liver disease (Child-Pugh <7), and this may be a
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contributing factor to their responsiveness to the SOX treatment. This requires
independent verification.

At the time of setting up the design of the Hep573 Study, oral administration
of silibinin was considered best practice (and still is in Australia). Since then,
however, research overseas has extended to intravenous use of silibinin and the
results are promising. Polyak, et al., first identified that silymarin had direct anti-
453,661

HCV activity in vitro.
RNA expression (inhibits HCV RNA dependent RNA polymerase)

At the cellular level, silymarin blocks HCV protein and
*! and also
blocks virus entry, fusion and transmission.?*>**® The findings of Polyak, et al.,
453681 1ed Ferenci, et al.,**® to experiment with the intravenous use of silibinin. The

438

first intravenous study of silibinin (1400 mg™) in CHC participants (non-

h’441,459,458,439,440 as this route of

responders) sparked a flurry of researc
administration showed direct anti-HCV activity and synergy with pegylated
interferon and ribavirin. The clinical implications of intravenous silibinin are
profound: increased SVR in previous non-responders with pegylated interferon and
ribavirin®®®® and prevention of HCV-reinfection after liver transplantation.*"°**As
the numbers treated in Europe are small, rescue treatment to pegylated interferon
and ribavirin non responders (N=27),%%* (N=11),** (N=20)°** and prevention of HCV

reinfection after liver transplantation (N=4),°®®

it would be important to conduct
intravenous silibinin trials in Australia to confirm the promising results achieved in
Europe. Given some potentially significant and clinically relevant findings from
these preliminary studies of intravenous administration of silibinin, perhaps it would
be worthwhile researching the applicability of silibinin administration to the chronic
hepatitis C patient in hospital liver outpatient-clinics in Australia.

At this stage, it seems relevant to explore whether a considerably higher
dose of oral silibinin than was used in the Hep573 Study (720 mg) might affect viral
load in a similar way to that attained by intravenous administration. Perhaps an oral
dose equivalent to 2800 mg to 5600 mgs may be found effective as an alternative
to intravenous treatment. Unfortunately there may be drawbacks to this, due to
practicality and compliance issues of taking 16-32 tablets, based on 720 mg

silibinin per tablet.
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COMPLEXITIES IN THE HEPS73 CLINICAL TRIAL CONDUCT

The Hep573 Study encountered substantial delays because of the length of time it
took to obtain Human Research Ethics Committee approval at the various
institutions, e.g., 16 months (Hunter New England Research Ethics Committee,
University of Newcastle Human Research Ethics Committee) and three and four
months respectively at Sydney West Area Health Service Human Research Ethics
Committee and Central Sydney Area Health Service Ethics Review Committee
(RPAH zone).

Recruitment of participants took longer than anticipated despite the intense
interest generated by the CM Study. Nursing-staff shortages at one hospital meant
that interest did not translate into corresponding enrolments. Some keen
participants from that particular understaffed hospital enrolled at the other two sites
in order to participate in the Study.

As previously stated, the complementary medicine paradigm of wholism in
case-taking, individualised herbal-medicine prescription and tailored treatment is
frequently at odds with the medical model of identifying a single agent responsible
for the end result. The standard practice of prescribing herbal liquid extracts
matching the identified pharmacological actions required to restore the body to
homeostasis was not adopted in this Study as this concept was not approved by
the lead research Ethics Committee. Other difficulties related to creating a liquid
placebo as all herbal medicines possess therapeutic actions. The issue of possible
breakage of the glass amber bottles by participants and the convenience of
administration to the participants influenced the final choice of tablets instead of
liquids across the three groups.

The ownership of Phytomedicine Pty Ltd changed hands three times during
the Study. This became problematic once the Study was completed as the SOX
intervention was found to be more effective than the placebo or silymarin. After the
Study the ethical obligation was to provide the placebo group with six-months
supply of the active preparations used in the Hep573 Study.

The original formulation was not able to be reproduced in the third handover
as the Phytomedicine brand was discontinued and the antioxidant compound was
no longer produced. Despite these difficulties, the following formulations were
provided to the placebo group from Integria HealthCare Pty Ltd (the company that
purchased Phytomedicine Pty Ltd): Phytomedicine Silymarin (identical formulation
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to the Study formulation) and Nutrimedicine Antiox BioComplex (with additional
ingredients to those studied in the trial). This was by no means ideal, but meant the
placebo group received an equivalent formulation for their participation in the
Study.

Due to budget constraints, the outsourcing of the Hep573 Study research
bloods for processing meant they were analysed by those with expertise in their
relevant field; however, this process was subject to lengthy delays (nine months on
each occasion) before the results of HCV RNA, Fibrotest and Hepascore were
received. This meant the staff at Phytomedicine Pty Ltd were not informed of the
Study’s results in a timely manner in response to their investment.

A prior understanding of the lengthy time required for recruitment in clinical
trials would have allowed the Study Coordinator to negotiate the production of
additional stock until the sample size was attained. The inexperience of both the
staff at Phytomedicine Pty Ltd and the Study Coordinator in the conduct of a clinical
trial meant that voucher specimens of the trial ingredients were not kept.

It was a mammoth undertaking to conduct a complementary medicine trial
across three hospital sites without a research assistant or access to the
infrastructure and resources of companies involved in clinical research to ensure

the independence of the Study research.

FUTURE RESEARCH DIRECTIONS

Based on the Hep573 Study, the following areas have been identified where further

research would inform the clinical management of chronic HCV infection.
Oral Silibinin-dose Finding Study

An oral dose of 720 mg silibinin per day administered for six months to CHC
participants in the Hep573 Study led to a 41% fall in HCV RNA at Week 48
compared to baseline.

Ferenci, et al.,**® discovered that 1400 mg silibinin daily administered
intravenously influenced HCV RNA. In vitro data have shown that various
commercial extracts of oral silibinin impact HCV RNA replication, fusion and virus
entry.%®

Therefore the current gap in the literature is whether an oral silibinin dose in

humans can significantly reduce HCV RNA and this would be the purpose of a
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dose-finding oral silibinin study. The extrapolation from the intravenous dose to an
oral equivalent dose would appear the logical place to commence an oral dose
escalation study.

The oral silibinin-dosing study would involve an escalating dose range from
2800 mg to 5600 mg silibinin daily for 12 months with HCV RNA measured at
baseline, Weeks 4, 12, 24, 36 and 48 in the treatment period and at Weeks 60, 72
and 96 in the follow-up period. Other measures would support a pharmacokinetic
study assessing the oral bioavailability of silibinin. In addition, plasma glutathione,
both reduced and oxidised, would be measured in conjunction with proinflammatory
cytokines to ascertain whether silibinin can increase the de novo synthesis of
glutathione and reduce the pro-inflammatory cytokines thereby attenuating
oxidative stress and the cytokine immune-mediated liver injury. The level of ALT
normalisation and its percentage change from baseline would also be examined as
would the oxidative stress marker, F,.isoprostanes. FibroTest would also be
examined at baseline, 6, 12, 18 and 24 months. If the change in Fibrotest was
shown to be significant, there would be justification for a histological study.

The control group would be given an oral dose of 720 mg silibinin, which is a
suboptimal dose for HCV RNA reduction. The SF-36 Quality of Life questionnaire

would investigate any health-related QOL changes due to the intervention.
Glutathione Enhancement: Nutritional and Silibinin Protocol

Glutathione depletion has been linked to hepatic fibrosis and disease

progression in chronic hepatitis C patients.*?®

658

While results with glutathione
replenishment have been conflicting,”™" it would be useful to track both plasma
glutathione levels and fibrosis markers to ascertain whether disease progression
can be modified with interventions that enhance glutathione.

Given the hypothesis that OS is linked to necrosis, inflammation and
fibrosis, the addition of nutrients to protect the mitochondria could reduce necrosis
and the consequent inflammation and promote cell repair and apoptosis. Silibinin
would be an essential ingredient in this proposed study as it plays a paramount role
in glutathione restoration in the hepatocyte. A literature review would ascertain the
most effective ingredients and dose for mitochondrial support such as co-enzyme

665

Q10, alpha lipoic acid and acetyl-L-carnitine.”> Recent studies have shown that

phytochemicals improve mitochondrial function through hormesis.?**
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The oral silibinin from the above dose-finding study, or if ineffective, then an
intravenous 1400 mg silibinin dose for 14 days would be combined with oral
antioxidants for 12 months as follows:

(1) glutathione enhancement
a. silibinin>*9>°%;
b. L-Glutathione; and
C. cysteine

(2) mitochondrial support
a. Co-enzyme Q10°%;

541,558,559,
)

b. alpha lipoic and

c. acetyl-L-carnitine®®
(3) antioxidants

a. Vitamin E succinate (800IU) or RRR tocopherol as per recent NASH
657.

study™’;

b. calcium ascorbate®:

c. zinc; and
d. selenomethionine.***%%

The aforementioned outcome measures would be applied to this group.

Glutathione Enhancement: Herbal Medicine Protocol

480,481,482,483,484

Phytochemical-based antioxidants at dietary levels applied in

situations of nutritional deficiency®® or 0S°**°% are beneficial to health and are
involved in mitochondrial hormesis. In addition to oral silibinin or intravenous
silibinin, the following phytocemical-based antioxidants (herbal medicines) would be

administered to CHC participants: Andrographis paniculata,>**%%#°°°

545

Astragalus

Bupleurum falcatum,®®® Camellia sinensis,?***"* Curcuma longa,
668,669

membranaceus,

514 and Vitis vinfera.®® All these

Phyllanthus amarus,®®’ Schisandra chinensis
herbal medicines increase de novo synthesis of glutathione.

The study design and outcome measures outlined in oral silibinin dose-
finding study will be incorporated in this protocol. In both glutathione protocols, the
sample-size calculation would be based on the genotype differential as the primary
outcome measure. This would confirm whether those with genotype 1 are deficient

in glutathione and whether effective treatment depends on genotype.
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CHAPTER 6

CONCLUSION

This is the first clinical trial to find that oral silymarin and oral antioxidants
normalised ALT in participants with compensated chronic hepatitis C (Child-Pugh
<7) over 24 weeks. This intervention also significantly improved QOL, specifically
psychological well-being (MCS). The predominant phytochemical nature of the
antioxidants (broad range and non-synthetic) used in this Study may explain the
successful outcomes achieved here compared to other antioxidant trials.

The improvement in QOL and particularly the responsiveness of HCV
genotype 1, indicate that silymarin and antioxidants have an important role in future
clinical treatment. Also, it is clinically important that oral silymarin was more
effective when combined with oral antioxidants than when used alone. SOX
interventions could be used as adjuncts in CHC patients and in other diseases
where oxidative stress is present such as NAFLD and metabolic syndrome.

Dose and administration of silibinin have emerged as crucial issues in
hepatitis C management since the initiation of the Hep573 Study. It is postulated on
the basis of bioavailability data in dose comparison studies of CHC patients with
cirrhosis, that oral silibinin and oral antioxidants may be more effective if they are
introduced earlier rather than later in the disease process. It is also hypothesised
that oral daily doses in the range of 2800 mg to 5600 mg of silibinin from 70:1
Silybum marianum extract may be required to exert direct anti-HCV activity
comparable to intravenous administration.

Further investigation of the trial interventions, along with the testing of
intravenous silibinin in CHC patients in Australia need to be independently
evaluated in a large multicentre study. This would have important clinical
implications if validated.

The checklist for conducting complementary medicine clinical trials
(Appendix F) which has arisen out of the Hep573 Study has equipped the Study

Coordinator to be involved in the establishment of intravenous silibinin clinical trials
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in Australia or, at the very least, this tool will assist other CM practitioners
embarking on clinical research.

The original motivation for the Study was to improve clinical treatment for
CHC patients and to test the hypothesis that antioxidants may alter liver disease
progression in these patients. The ALT normalisation in the SOX intervention
represented a reduction in hepatic necroinflammation. The trend towards a
reduction in oxidative stress (F.isoprostanes) was related to treatment (SOX
intervention). Also the direct association, in the Study, between F;.isoprostanes and
both ALT and FibroTest at Week 24 means that antioxidants may alter disease
progression. This association needs to be independently validated.

Thus silymarin with antioxidants can be said to offer a rational and scientific
approach to counteracting the liver injury caused by oxidative stress in CHC
patients and consequently may offer a clinically relevant and cost-effective

treatment option compared to that currently on offer.
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throughout the duration of the dissertation.
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AWARDS, PUBLICATIONS AND PRESENTATIONS FROM 2001-2011

SECTION A
Awards

Douglas Piper Young Investigator Award Clinical Science, 2010 Oct 22,

Gastroenterological Society of Australia.

SECTION B

Publications

B1.

B2.

Peer-reviewed ournal articles
Batey RG, Salmond SJ, Bensoussan A. Complementary and alternative medicine

in the treatment of chronic liver disease. Curr Gastroenterol Rep. 2005;7(1):63-70.

Conference proceedings
Salmond SJ, George J, Strasser Sl, Byth K, Batey RG. The Hep573 Study--a
randomized double blind placebo controlled trial of silymarin alone or combined
with antioxidants in chronic hepatitis C [abstract]. In Proceedings of Australian
Gastroenterology Week, 2010 Oct 20-23; Gold Coast. J Gastroenterol Hepatol;
2010;25(Suppl 3):A123-A124.
Salmond SJ, George J, Strasser Sl, Batey RG. Hep573 study--a randomised
double-blind placebo-controlled trial of silymarin alone or combined with
antioxidants in chronic hepatitis C [abstract]. In Proceedings of Digestive Diseases
Week, AASLD; 2010 May 1-5; New Orleans. Gastroenterology; 2010;138(5 Suppl
1):S789-S790.
Salmond SJ, George J, Strasser Sl, Batey RG. Hep573 Study--a randomised
controlled trial of herbal medicines in chronic hepatitis C [poster abstract]. In Third
International Congress on Complementary Medicine Research; 2008 Mar 29-31;
Sydney, Australia. 2008:p. 87-88.
Salmond SJ, George J, Strasser Sl, Batey RG. Hep573 Study of complementary
medicine in the treatment of chronic hepatitis C [poster abstract]. In 12th
International Symposium on Viral Hepatitis and Liver Disease; 2006 Jul 1-5; Paris,
Palais des Congres. J Clin Virol; 2006;36(Suppl 2):S134-5.
Salmond SJ, George J, Strasser Sl, Batey RG. Hep573 Study of alternative
therapy for chronic hepatitis C [abstract]. In Proceedings of the Shanghai-Hong
Kong International Liver Congress; 2006 March 25-28; Shanghai, China. J
Gastroenterol Hepatol; 2006;21(Suppl 2):A156.
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B3.

Salmond SJ, Batey R. Hep573 Study of alternative medicine in the treatment of
chronic hepatitis C [abstract]. In Fifth Australasian Conference on Viral Hepatitis;
2006 Feb 20-22; Sydney, Australia. [place unknown]: [publisher unknown];
2006:111

Batey R, Salmond S. Hep573 Study of alternative therapy for chronic hepatitis C
[abstract]. In A Collection of Papers of the First International Symposium on Liver
Diseases with Chinese Integrative Medicine; 2005 Sept 23-25; Shanghai, China.
[place unknown]: [publisher unknown]; 2005:66-67.

Book chapters
Salmond SJ. The Hepatobiliary System. In: Hechtman L, editor. Clinical
Naturopathic Medicine. Sydney: Elsevier; 2012. p. 210-279.
Salmond SJ, Bensoussan A. Natural therapies and hepatitis C. In: Dore G,
Temple-Smith M, Lloyd A, Editors. Hepatitis C: an expanding perspective.
Melbourne: IP Communications; 2009. p. 211-229.
Salmond SJ, Batey RG. Complementary therapies and hepatitis B. In: Mathews G,
Robotin M, Editors. B Positive- All you wanted to know about hepatitis B: A guide
for primary health care providers. Sydney: Australasian Society for HIV Medicine
(ASHM); 2008. p. 96-101.

SECTION C

Unpublished presentations

C1.

Oral presentations as sole author
Salmond S. Complementary therapies and hepatitis C. Justice Health; 2011 May
4; Long Bay Correctional Facility Education Centre, Sydney, Australia.
Salmond S. Complementary therapies and hepatitis C. Justice Health; 2010 Jun
11; Long Bay Correctional Facility Education Centre, Sydney, Australia.
Salmond S. Looking after your liver. RPAH Koori Women's Group; 2010 Apr 19;
Leichhardt Women's Community Health Centre (LWCHC), Leichhardt, Australia.
Salmond S. Complementary therapies and hepatitis C. Hepatitis Support Group;
2009 Nov 17; Hepatitis C Council of NSW, Sydney, Australia.
Salmond S. Herbal and naturopathic protocol in chronic hepatitis C patients. North
Coast Area Health Service (NCAHS) Liver Clinic Nurses, Southern Cross
University Naturopathy students, and local naturopaths; 2009 Sept 17; Ballina,
Australia.
Salmond S. Complementary medicine and hepatitis C: North Coast Area Health
Service (NCAHS) Liver Clinic Workshop for Liver Clinic Nurses; 2009 Sept 17,

Ballina, Australia.
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Salmond S. Complementary therapies and hepatitis C. Justice Health; 2009 Jun
19; Long Bay Correctional Facility Education Centre, Sydney, Australia.

Salmond S. The role of complementary medicine in hepatitis C. Department of
Justice; 2008 Jun 20; Bankstown Sports Club, Bankstown, Australia.

Salmond S. Hep573 Study--a randomised controlled trial of herbal medicines in
chronic hepatitis C. New Zealand Association of Medical Herbalists Annual
Conference and AGM; 2008 May 23-24; Novotel, Auckland, New Zealand.
Salmond S. The role of complementary medicine in hepatitis C. Department of
Justice; 2007 Jun 8; Corrective Services Academy, Sydney, Australia.

Salmond S. Questions answered on complementary therapies and hepatitis C.
Transfusion Related and other Infectious Diseases Service (TRAIDS); 2006 Oct 5;
Parramatta Community Health Centre, Sydney, Australia.

Salmond S. Nutritional aspects of hepatitis C. Westmead Hospital; 2006 May 16;
Sydney, Australia.

Salmond S. Complementary therapies and interferon and ribavirin in hepatitis C.
Heplink Forum; 2006 Mar 21; Royal Prince Alfred Hospital, Sydney, Australia.
Salmond S. Hep573 Study of herbal medicines in the treatment of chronic hepatitis
C. Australian Hepatitis Council Hepatitis C Research Forum; 2006 Feb 23;
Sydney, Australia.

Salmond S. How to manage the side effects of antiviral therapy. Clinic 16, Royal
North Shore Hospital; 2006 Feb 8; Sydney, Australia.

Salmond S. Herbal therapies and hepatitis C--how to manage the side-effects of
antiviral therapy. Hepatitis C Council of NSW AGM; 2005 Nov 11; Sydney,
Australia.

Salmond S. Complementary therapies in hepatitis C and HIV. Sydney West Area
Health Service; 2005 May 19; Westmead Hospital, Sydney, Australia.

Salmond S. The Hep573 Study and research on complementary therapies and
hepatitis C. Liver Unit/ TRAIDS Hepatitis C Information Night; 2005 May 10;
Westmead Hospital, Sydney, Australia.

Salmond S. Hep573 Study. Research Seminars for Post Graduate Students; 2004
Sept 9; University of Newcastle, Ourimbah campus, Australia.

Salmond S. Hep573 Study. Central Sydney Area Health Service (CSAHS)
Hepatitis C Treatment Options Forum; 2004 Aug 11; Canterbury Hospital, Sydney,
Australia.

Salmond S. Hep5673 Study. CSAHS Health Promotion Services, GPs, sexual
health workers and nurses; 2004 Jul 12; Royal Prince Alfred Hospital, Sydney,

Australia.
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Salmond S. Liver health. Phytomedicine Practice in Focus Teleconference; 2004
Jun 24; Brisbane, Australia.

Salmond S. Liver health. Phytomedicine Practice in Focus Teleconference; 2004
Jun 22; Melbourne, Australia.

Salmond S. Hep573 Study. Central Sydney Area Health Service (CSAHS)
Hepatitis C Treatment Options Forum; 2004 Jun 16; Newtown Neighbourhood
Centre, Sydney, Australia.

Salmond S. Liver health. Phytomedicine Practice in Focus; 2004 Jun 2; Terrigal,
Australia.

Salmond S. Hep573 Study. Hepatitis C Information Night; 2004 Apr 6; Westmead
Hospital, Sydney, Australia.

Salmond S. Hep573 Study testing herbal medicines and vitamins in the treatment
of chronic hepatitis C. Third Year Bachelor of Herbal Therapies; 2004 Apr 1;
University of Newcastle, Ourimbah campus, Australia.

Salmond S. Case studies on the herbal management of hepatitis C. Third Year
Bachelor of Herbal Therapies; 2004 Apr 1; University of Newcastle, Ourimbah
campus, Australia.

Salmond S. Hep573 Study information for potential participants. Royal Prince
Alfred Hospital; 2003 Jun 24; Sydney, Australia.

Salmond S. Nutrition, self-help and complementary therapies. Paper presented at:
ASHM HCV Pilot Program for General Practitioners; 2003 Mar 15; Sydney,
Australia.

Salmond S. Complementary therapies and hepatitis C. Paper presented at:
Phytomedicine Conference on Infection, Inflammation and Immunity; 2003 Mar 1;
Sydney, Australia.

Salmond S. Complementary therapies in hepatitis C and non-pharmacological
measures in drug and alcohol withdrawal. Department of Juvenile Justice; 2001
Oct; Sydney, Australia.

Salmond S. Complementary therapies in hepatitis C and drug and alcohol
withdrawal. Phoebe House; 2001 Sept; Sydney, Australia.

Salmond S. Herbal medicine and hepatitis C. Hepatitis C Nurse Consultants
Meeting; 2001 Aug; Royal North Shore Hospital, Sydney, Australia.

Salmond S. Hep573 Study: pilot data and trial protocol. Paper presented at: John
Hunter Hospital Gastroenterology Research Meeting; 2001 Jun; Newcastle,
Australia.

Salmond S. Testing herbal medicines in the treatment of chronic hepatitis C. Paper
presented at: National Herbalists Association of Australia (NHAA) Fourth

International Phytotherapeutics Conference; 2001 Feb; Meroo, Australia.
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C2.

Oral presentations with others
Salmond S, Batey RG. Evaluating herbal hepatotoxicity, concurrent use of herbal
medicines & pegylated interferon and ribavirin and Hep573 Study results. NCAHS
liver specialists and nurses; 2009 Sept 18; Ballina, Australia.
Salmond S, George J, Strasser S, Byth K, Batey R. Hep573 Study--a randomised
controlled trial in chronic hepatitis C patients. Paper presented at: Australian
Hepatology Association Annual Summit; 2009 Mar 23; Sydney, Australia.
Salmond S, George J, Strasser S, Byth K, Batey R. Hep573 Study--preliminary
results. Paper presented to: Clinical Nurse Consultants at Australian
Gastroenterology Week; 2008 Oct 23; Brisbane Convention Centre, Brisbane,
Australia
Batey R, Salmond S. Traditional Chinese medicine (TCM) and hepatitis in a
western liver clinic experience. International Society for Chinese Medicine
International Conference on Chinese Medicine and Pre-Conference Symposium
on Evidence-Based Chinese Medicine; 2005 Apr; Macau, China.
Salmond S, Strasser Sl, Batey RG. What is the evidence for the use of anti-oxidant
nutrients or antioxidant herbal medicines in the treatment of chronic hepatitis C?
Paper presented at: Third Australasian Conference on Hepatitis C; 2002 Mar 25-

27; Melbourne, Australia.

SECTION D

Other publications

D1.

Fact sheets
Salmond S. Stress and the liver [Fact Sheet]. Canberra, Australia: Australian

Injecting and lllicit Drug Users League (AIVL); 2007 Jan.
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APPENDIX B

PATIENT INFORMATION SHEET AND INFORMED CONSENT

Appendix B comprises the patient information sheet, the informed consent form and
two attachments: the formulae used in the Hep573 Study and the patient safety

information sheet.
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INFORMATION SHEET

Study Title: Double-blind, randomised, placebo-controlled clinical trial
to compare the efficacy and safety of Hep573 (two different herbal &/or
vitamin formulations) in patients with chronic hepatitis C.

Short title: Herbal treatment (Hep573) in chronic hepatitis C

Protocol: Hep573

Principal Professor Robert Batey (Director, Drug and Alcohol Clinical
Investigator: Services, Hunter New England Health Services)
Coinvestigators: Ses Salmond (PhD student),

Dr Jon Watson (Staff Specialist, Department of
Gastroenterology, Hunter New England Health Services)
Institution: University of Newcastle/ John Hunter Hospital

Background
This research Study is a joint venture between the University of Newcastle and the
John Hunter Hospital.

You are being invited to take part in a human research Study entitled ‘Hep573 in
chronic hepatitis C.’

Herbal medicine can be used for the treatment and management of the symptoms of
the hepatitis C virus infection and there is some evidence that herbal medicine may
reduce liver inflammation and scarring (liver fibrosis) and fatigue.

You have been diagnosed as having hepatitis C, a chronic, progressive liver disease
that can cause varying degrees of liver damage. The prognosis of hepatitis C in
patients with persistently normal ALT levels (most important liver enzyme in hepatitis
C) is good. There is very low risk of progressive liver injury or of the complications of
liver disease with or without treatment. If ALT is elevated, hepatitis C may progress to
an advanced stage in 15-20% of patients over a period of 10-30 years from the date of
infection. The severity of the injury varies from patient to patient, with only 15-20% ever
progressing to cirrhosis. One of the main options for treating chronic hepatitis C is the
use of combination therapy with interferon and ribavirin.

Treatment with interferon/ribavirin can result in a "cure” of the infection in 40-50% of
patients. This is associated with a marked reduction in liver damage and an improved
prognosis. However, this treatment is not without significant side effects. Many of those
attending the John Hunter Hospital Liver Clinic choose not to take this form of
treatment (approx. 30%) with some instead choosing herbal medicine.

Purpose of the Study

The purpose of this clinical Study (called Hep573) is to compare the effectiveness and
safety of two different active herbal and/or vitamin formulations and to investigate the
actions of these regimens in the treatment of hepatitis C. We wish to identify the most
effective combination of alternative treatments defined by ALT outcome and well being
scores. More details are in Appendix A of the consent form.

Procedures
If you enter the trial you will receive one of these two active formulations or a placebo
for up to six months and then you will be followed up for a further six months off
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treatment. You have a 66% chance of getting an active formulation. A placebo
preparation looks and tastes like the active preparation, but it contains no active
preparation. This allows us to test the true effects of the treatment.

Neither you nor your clinician will know which you are receiving until the twelve months
trial period is complete (six months' treatment and six months' follow-up).

If you are eligible to be involved, you will be asked to take up to six (6) tablets twice
daily with meals for six months. Your dose will be gradually increased over a period of
one week, starting at three (3) tablets twice daily. This trial will require monthly visits
(thirteen in total) to the John Hunter Hospital in order to monitor your progress with
blood tests. These blood tests will measure liver function and include other routine
tests normally part of our follow up of hepatitis C patients. The side effects of the blood
tests are minimal. In a few cases participants may experience bleeding and/or bruising
at the injection site and possible dizziness or fainting. If this has happened to you
before please advise the medical practitioner before you have your blood taken.

We will need you to fast for 12 hours (eat or drink nothing except water) prior to your
blood tests on Week 0, Week 12, Week 24 and Week 48. This is because the food you
eat may contain certain types of nutrients (antioxidants) that may interfere with the
accuracy of the blood test. Please let us know if there is any reason why you would find
this hard to do.

At the completion of the twelve months Study if you were not in the group that received
the most promising active formulation, you will then be offered six months supply of the
most active formulation. In the unanticipated event that the recipients of the placebo
show a better clinical response (e.g., lowered viral load and normalisation of liver
enzymes), you will not be offered placebo at the end of the Study. The chart below
details the procedures at each of your visits.

Screen 12 Visit 1 Visit Visit | Visit4 | Visit | Visit | Visit7
week Week O 2 3 Wk12 |5 6 Wk 24
wash Wk4 | WKk8 Wk Wk
out 16 20
period

Sign Wait 12 | BT BT BT BT BT BT BT

Consent weeks if | Fast Fast Fast

form to you

participate | have PE PE PE PE PE PE PE

in the taken

Study herbs Full
&lor medical
vitamins | history

Genotype

Viral load Viral
load

Viral Viral

detection DT

test (DT)

QOLQ QOLQ QOLQ

DSQ DSQ | DSQ |DSQ DSQ | DSQ | DSQ

HA HA HA HA HA HA HA
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Visit8 | Visit9 | Visit10 | Visit11 | Visit12 | Visit 13

Wk28 |Wk32 |Wk36 |Wk40 |Wk44 | Wk48

BT BT BT BT

PE PE PE PE Fast
PE PE
QOLQ QOLQ

DSQ DSQ | DSQ DSQ |DSQ |DSQ

HA

Key to the chart:

BT - Blood test (including liver enzymes, platelets & thyroid function tests)

Fast - nothing to eat or drink (except water) for 12 hours prior to the blood test
PE - Physical examination including your blood pressure being taken

Genotype - This test tells us which of the nine different types of hepatitis C virus you
have. Some of the different types are more responsive to treatment with antiviral
therapy.

Viral load - measures the number of viral particles in a mL of blood.

Viral DT - Viral detection test - is the virus detectable (positive) or not (negative -
cleared the virus)

QOLQ - Quality of Life Questionnaire

DSQ - Diet & Symptom Questionnaire

HA - Herbal Assessment - assessing your progress and making any necessary
adjustments to dosage.

Eligibility
If you are aged between 18 and 75 years you are eligible to enter this Study.

Washout period

Once you have been accepted as a participant in the trial, it is essential that you
discontinue all herbs and vitamins for a period of twelve weeks so that these can clear
out of your body before you start the Study.

Exclusions

You may not take part in this Study if you are:

Pregnant or intending to become pregnant

Breastfeeding

Have high blood pressure (> 140/90)

On certain medications (listed below)

Drink more than seven (7) standard drinks per week

Have severe cirrhosis (decompensated cirrhosis)

Have other liver diseases other than hepatitis C

On an unstable methadone dose or your methadone dosage > 100 mg per day
Using recreational drugs or non-prescription drugs > 3-4 times per week.

The reasons for these exclusions are provided below.

¢ Pregnancy and breastfeeding:
If you are a woman and are contemplating becoming or hope to become
pregnant during the course of the trial you will not offer yourself as a participant
in this trial.

I) One of the herbs used in this Study Andrographis paniculata (andrographis)
is not to be taken in pregnancy as it can cause miscarriage.
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2) The full effects of herbal medicine on the developing fetus is unknown
3) As herbs can be absorbed from breast milk some of the Study herbs may be
transferred to an infant and these may cause gastrointestinal upsets.

Female participants must use two forms of effective contraception during the
course of the Study and for a period of two weeks after completion of the Study
because of the above risks.

If you do become pregnant whilst on the Study, you should advise your treating
doctor immediately, who will withdraw you from the Study and the pregnancy
will be managed by whoever you choose to manage your pregnancy.

e Other medications: one herb used in our preparations, Hypericum perforatum
(Saint John's wort) can interact with medications such as antidepressants, HIV
medications such as indinavir, immune suppressants, heart medications such
as digoxin, pharmaceutical anticoagulants, such as warfarin and the asthma
medication theophylline.

¢ Alcohol intake: if you drink more than seven (7) standard drinks per week you
are not eligible to offer yourself as a participant in this trial. Alcohol can cause
the hepatitis C virus to replicate more quickly. If your current alcohol intake is
less than or equal to seven standard drinks per week you are asked not to vary
your alcohol intake during the course of the trial in order to standardise Study
conditions.

e Severe cirrhosis: if you have severe cirrhosis often referred to as
decompensated cirrhosis, then it is necessary for you to be under close medical
care by your liver specialist.

e Other liver diseases, apart from hepatitis C: if you have other liver diseases you
are not eligible as the Study is to gain information on the impact of herbal
medicines on hepatitis C only.

¢ Methadone dose and stability: if your methadone dose is under adjustment or
your dosage is greater than 100 mg per day you will not be eligible to join the
trial as it will be difficult to differentiate whether your symptoms are related to
your methadone dosage or the trial preparations.

The researchers will complete a medication checklist with you in a face-to-face
interview. Please bring either a list or samples of medications you are currently taking
to this interview, as there may be drug/herb interactions, which may exclude your
participation in this Study.

Side effects

Anyone taking part in the trial who experiences any major symptoms (e.g. headache,
nausea, vomiting, reflux, diarrhoea. chest or abdominal pain, light-headedness, garlic
odour to your breath or sweat) after taking the tablets should cease taking the tablets
and immediately contact Professor Robert Batey on 0419 481 546 (24 hour number).
Please refer to the extra Patient Safety Information Sheet attached.

Confidentiality

Your personal information is strictly confidential and will not be publicly available in any
form. No names will be identified with the data collected during the Study, although
your medical records or any information gained during the Study may be inspected by
the Australian Government's Therapeutic Goods Administration, the Office of
Complementary Medicine and representatives from Phytomedicine; all due care will be
taken to ensure your confidentiality.
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Voluntary nature of participation and withdrawal

Your participation in this Study is completely voluntary. If you do not wish to take part,
you are under no obligation to do so. If you decide to take part but later change your
mind, you are free to withdraw from the Study at any stage. Your decision whether to
take part or not to take part, or to withdraw, will not affect your routine medical
treatment or your relationship with those treating you or your relationship with the
hospital. While we ask you to endeavour to complete the course of treatment, you are
free to withdraw from the Study at any time.

Persons to contact
If you would like more information about the Study or if you have any questions, do not
hesitate to ask one of the researchers or one of the Study doctors treating you. People
you can ask include:

Professor Robert Batey Ses Salmond

John Hunter Hospital University of Newcastle
Principal Investigator Study Co-ordinator

Ph: (02) 4924 6484 Ph: (02) 9560 3011

This Study has been approved by the Hunter Area Research Ethics Committee and the
University of Newcastle Human Research Ethics Committee. If you have any questions
or concerns about your rights as a participant in this Study or complaints about how the
Study is being run and you wish to speak to an independent person, please contact:

Dr Nicole Gerrand or Sue O'Connor

Professional Officer Human Research Ethics Officer
Hunter Area Research Ethics Research Branch

Committee The Chancellery

Locked Bag No.l University of Newcastle

New Lambton NSW 2305 Callaghan NSW 2308

Ph: (02) 4921 4950 Fax: (02) 4921 4818 Ph: (02) 4921 6333 Fax: (02) 4921 7164

Professor Robert Batey Ms Ses Salmond
Gastroenterologist/Hepatologist PhD Student
John Hunter Hospital University of Newcastle

Dr Jon Watson

Staff Specialist

Department of Gastroenterology
John Hunter Hospital
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INFORMED CONSENT
JOHN HUNTER HOSPITAL/UNIVERSITY OF NEWCASTLE

Study Title: Hep573, a herbal treatment in chronic hepatitis C.

By signing this form, | agree that:

1.

2.

10.

11.

My participation in this Study is voluntary and | may withdraw from the Study at
any time without prejudice or loss of benefits to which | am otherwise entitled.

I have informed the investigator of all other clinical studies that | am currently
participating in and any other medications | am taking.

I have fully read or have had read and explained to me in my native language
this form and the information sheet detailing the research project in a way that |
fully understand, and have had the opportunity of having my questions
answered to my satisfaction.

The general purposes, methods and demands, and possible risks/side effects,
inconveniences and discomforts that may occur during the trial have been
made well known to me.

| will be allocated at random to receive one of the two active Hep573 herbal
medicine and/or vitamin preparations or a placebo preparation. Neither | nor my
clinician will know which of the three preparations | am receiving until after
completion of the Study, which will take twelve months. If | experience an
adverse reaction, | will report this to one of the researchers. If these effects
continue on a reduced dose | understand that my anonymity code will be
broken in order to investigate the contents of the preparation | was receiving
and | will withdraw from the trial.

I understand that during the Study | will have to come to the Medical
Outpatients Department at the John Hunter Hospital at the beginning and at
1,2,3,4,5,6,7,8,9,10,11,12 months thereafter (13 visits).

| will be asked to provide blood samples at these times. | will be asked to fast
for 12 hours once every three months before certain blood tests. | will be
available for these visits, and | understand that | may be withdrawn from the trial
if | fail to attend for these visits, and | may not receive further supplies of the
Hep573 tablets.

If 1 drink more than seven (7) standard alcoholic drinks per week 1 will not offer
myself as a participant in this trial. If my current alcohol intake is equal to or less
than seven (7) standard alcoholic drinks per week 1 should not vary my alcohol
intake during the trial period of twelve months in order to standardise Study
conditions.

I understand that | should not take any other alternative or complementary
treatments or therapies (including other herbal medications) during the Study. |
understand that | will need to wait 12 weeks before entering the Study if | have
been taking herbs and or vitamins so these clear out of my body.

If  am a woman and | am contemplating becoming or hope to become pregnant
during the course of the trial | will not offer myself as a participant in this trial. |
understand that there are unknown effects of the trial preparations on the
developing fetus and thus | understand the importance of contraception during
the Study period of twelve months and for an added six months should | be a
member of the placebo group. If during the trial, pregnancy becomes an issue |
will withdraw from the trial without prejudice or loss of benefits to which | am
entitled.

If I have severe cirrhosis | will not offer myself as a trial participant as close liver
specialist follow up is the medical recommendation for my care.
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12. If | have any other liver disease other than hepatitis C, | will not offer myself as
a participant as | understand it will be hard to determine the impact of the trial
preparations on hepatitis C alone.

13. If my methadone dosage is undergoing adjustment or my daily dosage is
greater than 100 mg per day | will not offer myself as a trial participant as my
methadone management may be affected by the trial preparations.

14. If | use recreational drugs or non-prescription drugs more than 3-4 times per
week | will not offer myself as a participant as it is uncertain how these drugs
will interact with the trial preparations.

15. | have had sufficient time to consider my participation in this Study and have
asked any questions | need.

16. | have received a copy of this consent form and patient information sheet and |
am aware that the investigator at the John Hunter Hospital will also retain a
copy for his or her files.

17. By signing this form, | consent to participate in the Study.

Name of Participant (In CAPITAL LETTERS)

Signature of Participant Date

Name of Researcher (In CAPITAL LETTERS)

Signature of Researcher Date

The researchers in this Study are Professor Robert Batey, Principal Investigator, Drug
and Alcohol Clinical Services, Hunter New England Health Sevices, Newcastle 2310,
Ses Salmond, Study Coordinator, School of Medical Practice, University of Newcastle
2308 and Dr Jon Watson, Coinvestigator, Department of Gastroenterology, Hunter
New England Health Sevices, Newcastle 2310.
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HEP573 Study

Attachment one to the Patient Information Sheet and Consent form (Appendix A)

detailing the formulae to be used in the Hep573 Trial.

Randomised, placebo-controlled, double-blind clinical trial

Trial preparations will be in tablet form for ease of compliance and for reproducibility of

results

Daily Dose Chart of Trial Formulations
Group 1: Silymarin, Herbs and Vitamins

Group 1: Silymarin, Herbs and Vitamins delivered in tablet form as Antioxidant

Compound, Hepavir and Immuhep tablets

Antioxidant compound (Silvmarin. Herbs and Vitamins)

Camellia sinensis (green tea) 4000 mg
(equivalent to dry leaf)

Curcuma longa (turmeric) 8000 mg
(equivalent to dry rhizome)

standardised to contain curcuminoids 280 mg
Silybum marianum (Saint Mary's thistle) 4000 mg
(equivalent to dry fruit)

standardised to contain flavonolignans calculated as silybins 48 mg
Vitis vinifera (grape seed) 12000 mg
equivalent to dry seed

standardised to contain procyanidins 80 mg
Selenomethionine 40 mg
Elemental selenium 200 mcg
Lycopene 80 mg
Hepavir tablets (Silvmarin and herbs)

Silybum marianum (Saint Mary's thistle)

(equivalent to dried Silybum marianum fruits)

(approx 14 grams standardised to 70% silymarin

calculated as silybin 180 mg) calculated as silybins 672 mg
Andrographis paniculata (andrographis) 3000 mg
standardised to contain 34.8 mg andrographolide

Hypericum perforatum (Saint John's wort) 1500 mg
standardised to contain 0.8 mg hypericin

Phyllanthus amarus (phyllanthus) 3000 mg
Version 7, 7 July 2002 252



THE UNIVERSITY OF

NEWCASTLE
AUSTRALIA
Immuhep tablets (Herbs and Vitamins)
Astragalus memhranaceus (astragalus) 3000 mg
equivalent to dry root
Eleutherococcus senticosus (Siberian ginseng) 3000 mg

standardised to contain 1.2 mg Syringaresinol diglucosides (eleutherosides)

Alpha lipoic acid 200 mg
Calcium ascorbate (Buffered Vitamin C) 400 mg
Zinc Amino Acid Chelate 20% 250 mg, elemental zinc 50 mg

Group 2: Silymarin onlv group

Silymarin

Silybum marianum (equivalent to dried Silybum marianum fruits).

(approx 15 grams standardised to 70% silymarin

calculated as silybin 180 mg) calculated as silybins 720 mg

Placebo Herbs
Placebo Vitamins

Group 3: Placebo group.

Placebo Silymarin

Placebo Herbs

Placebo Vitamins

Dose: Six tablets (two of each compound) twice daily with meals.

All the above are listable items with the Therapeutic Goods Administration.
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Attachment two to the Information Sheet and Consent Form (Appendix A.1)
Patient Safety Information Sheet for the HEP573 Study

The herbs and vitamins you are being prescribed are safe and within the
recommended daily doses. Individuals vary in how much of a given dose they absorb
and also in how they excrete the substances prescribed and thus their side effects. For
this reason we would like you to be aware of the known major adverse effects that
might be attributable to certain components of the Study preparations are listed below:

Alpha lipoic acid may lead to light-headedness, tiredness, irritability, ravenous hunger
if blood sugar levels are unstable. It may improve blood sugar control in diabetes.

Andrographis paniculata (andrographis) reduces fertility in men and women and
must not be taken during pregnancy as it can cause miscarriage. High doses may
cause gastric discomfort, lack of appetite, vomiting and hives. This is not expected on
the dose you will be given in the Study. A study of the isolated ingredient
andrographolide from the above herb led to anaphylaxis, a severe allergic reaction. In
this Study we are using the whole medicinal parts of the plant and this is not an
expected outcome.

Astragalus membranaceus (astragalus) is a powerful immune stimulant. If you are on
any immune suppressing drugs such as cyclosporine, azathioprine and methotrexate,
Astragalus may cause the opposite effect to your prescribed medication.

Camellia sinensis (green tea) contains small amounts of caffeine. This may affect
those individuals who are sensitive to caffeine. The Study dose of green tea is
equivalent to 4 grams, so this means you will be receiving approximately 75 mg of
caffeine per day.

Curcuma longa (turmeric) may also thin the blood so high doses (>5 grams per day)
and should not be given to patients taking antiplatelet or anticoagulant drugs such as
warfarin. The dose in the active preparation in the trial is 8 grams, so it should not be
given to patients taking these drugs.

Hypericum perforatum (Saint John's wort) can interact with medications such as
antidepressants, immune suppressants, medications for HIV (Indinavir), heart
(Digoxin), asthma (Theophylline), blood thinners (Warfarin). Saint John's Wort can
cause abdominal symptoms and tiredness and in rare cases can cause photosensitivity
(sensitivity to the sun).

Selenium is present in onc of the formulations. Garlic odour of the breath and sweat is
a sign of selenium toxicity. If this occurs, please stop taking the tablets immediately.
This is not expected on the dose you will be given in the Study.

Silvbum marianum (Saint Mary's thistle) is generally well tolerated but can
occasionally cause diarrhoea

Unbuffered Vitamin C as ascorbic acid may cause diarrhoea, intestinal distension or
gas. Buffered forms of vitamin C do not have this effect. You will be taking a buffered
form of this vitamin (Calcium ascorbate).

Zinc is present in one of the formulations. If zinc is taken on an empty stomach it can
result in gastrointestinal upset and nausea, so make sure you take it with food.
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It's important for you to let the researchers know about all your prescribed medications,
as well as over-the-counter medications to ensure there are no potential drug/herb
interactions. Your safety while taking the herbs and vitamin preparations in this Study is
paramount and will be managed by the two researchers (Professor Robert Batey and
Ses Salrnond) and will also be independently monitored by the Clinical Pharmacology
Department at the University of Newcastle. Please report any concerns or side effects
from the Study preparations to the researchers immediately so that a prompt
assessment and readjustment (if necessary) can be made.

The 24-hour numbers of the researchers are as follows:
Professor Robert Batey 0419 481 546 Ses Salmond 0414 453 243
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APPENDIX C

ADVERTISING MATERIAL

Appendix C comprises the approved advertising material which appeared in the
Australian Doctor and Medical Observer in 2004 and 2006, an advertisement in
Sunday Telegraph and a poster in the Hep C Review in 2005. Flyers for

participants and health professionals were also approved in 2004 and 2006.

257






Advertisement for the Australian Doctor, Version 4, 20 February 2006

Hepatitis C Herbal Medicine Clinical Trial (Hep573 Study)

This Study is to test the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

The Hep573 Study is under way at John Hunter Hospital, Royal Prince Alfred
Hospital and Westmead Hospital. The trial duration will be six months on treatment
or placebo and six months follow-up. Participants will receive six months supply of
the trial preparations and regular ‘check ups’.

The trial is being conducted by Ses Salmond, PhD student at the University of
Newcastle under the supervision of Professor Robert Batey. Participants should be
aged between 18 and 75 years. If you would like an information pack for General
Practitioners to be forwarded to you, please contact Ses on 0414 453 243.
Approval for the protocol has been granted by the Human Research Ethics
Committees of the University of Newcastle, Hunter New England Area Health
Service, Central Sydney Area Health Service and Sydney West Area Health
Service.

Enrolments in this Study close 31 March 2006.
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Advertisement for the Medical Observer, Version 4, 20 February 2006

Hepatitis C Herbal Medicine Clinical Trial (Hep573 Study)

This study is to test the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

The Hep573 Study is under way at John Hunter Hospital, Royal Prince Alfred
Hospital and Westmead Hospital. The trial duration will be six months on treatment
or placebo and six months follow-up after treatment. Participants should be aged
between 18 and 75 years and will receive six months supply of the trial
preparations and regular ‘check ups’.

The trial is being conducted by Ses Salmond, PhD student at the University of
Newcastle under the supervision of Professor Robert Batey. If you would like an
information pack for General Practitioners to be forwarded to you, please contact
Ses on 0414 453 243.

Approval for the protocol has been granted by the Human Research Ethics
Committees of the University of Newcastle, Hunter New England Area Health
Service, Central Sydney Area Health Service and Sydney West Area Health
Service.

Enrolments in this Study close 31 March 2006.
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Flyer for participants, Version 2, 20 February 2006

Hepatitis C — Have you considered herbal medicine?

Clinical trial with a difference

Clinical trial for hepatitis C — Herbal Medicine

The Hep573 Study, a scientifically based clinical trial is under way and will help us
better understand the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

Do you have hepatitis C, three raised liver function tests (ALT), no other severe
liver diseases and are able to come to the hospital each month for 12 months for
blood tests and to complete questionnaires?

If so we would appreciate hearing from you in order to assess if you can help us in
this Study.

The trial duration will be six months on treatment or placebo and six months follow-
up after treatment.

If you participate in the study you will receive six months supply of the trial
preparations free and will receive regular check ups and ongoing support

There are three trial sites: John Hunter Hospital, Newcastle; Royal Prince Alfred
Hospital and Westmead Hospital, Sydney.

This Study is being conducted as part of a PhD program at the University of
Newcastle by Ses Salmond under the supervision of Professor Robert Batey and
Associate Professor Alan Bensoussan.

Professor Robert Batey, Dr Simone Strasser and Professor Jacob George are the
gastroenterologist specialists associated with John Hunter Hospital, Royal Prince
Alfred Hospital and Westmead Hospital respectively.

Approval has been granted from the relevant ethics committees.

Please contact:

If you would like to join the study please contact Ses Salmond on 0414 453 243 or
ask your doctor or health professional for more information.

Enrolments close on 31 March 2006.

NEWCASTLE | CENTRAL COAST | PORT MACQUARIE | SINGAPORE
The University of Newcastle enquirycentre@newcastle.edu.au T +61 24921 5000
Callaghan NSW 2308 Australia CRICOS Provider Number: 00109J www.newcastle.edu.au
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Flyer for health professionals, Version 2, 20 February 2006

New hepatitis C herbal medicine trial has commenced.

A significant proportion of people with hepatitis C take herbal preparations. The
effect of these herbs is not fully understood therefore a randomised, double-blind,
placebo-controlled clinical trial testing the safety and efficacy of herbal medicine in
the treatment of chronic hepatitis C has commenced at three NSW hospitals.
Personnel involved: Professor Robert Batey, John Hunter Hospital; Dr Simone
Strasser Royal Prince Alfred Hospital, Professor Jacob George, Westmead
Hospital and Ses Salmond, University of Newcastle.

Details of the Study are listed below:

Three arms to the study

Full treatment:—Saint Mary’s thistle, Herbs and Vitamins

Partial treatment:—Saint Mary’s thistle only

No treatment:—placebo

The placebo group at the end of the Study will receive six months supply of the
most promising formulation.

Study duration
Six months on treatment, six months follow-up

Number to be recruited
216 patients across three hospitals

Trial sites

John Hunter Hospital, Newcastle
Royal Prince Alfred Hospital, Sydney
Westmead Hospital, Sydney

Inclusion criteria Exclusion criteria
Able to give informed consent Hepatitis B or Hepatitis D or HIV
Aged between 18 and 75 years Severe liver disease
Hepatitis C antibody positive Prior combination therapy in last 6 months
Abnormal ALT/AST on 3 occasions in Pregnant or lactating females
the past 6 months—2 years
Prepared to attend monthly clinics for Unstable on methadone dose
tests, procedures
Adequate renal and haematological >70 g alcohol per week
function

NEWCASTLE | CENTRAL COAST | PORT MACQUARIE | SINGAPORE

The University of Newcastle enquirycentre@newcastle.edu.au T +61 24921 5000

Callaghan NSW 2308 Australia CRICOS Provider Number: 00109 www.newcastle.edu.au
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Contact numbers

Please register your interest in participating in this trial by phoning Ses Salmond on
0414 453 243. Enrolments close on 31 March 2006.

Outcome measures

ALT levels

PCR HCV RNA Quantitative tests (Viral load)

PCR HCV RNA Qualitiative tests (Viral detection)

Antioxidant activity

Markers of oxidative stress and lipid peroxidation

Fibrosis markers

NEWCASTLE | CENTRAL COAST | PORT MACQUARIE | SINGAPORE

The University of Newcastle enquirycentre@newcastle.edu.au T +61 2 4921 5000
Callaghan NSW 2308 Australia CRICOS Provider Number: 00109J www.newcastle.edu.au
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Advertisement for the Australian Doctor, Version 2, 20 December 2004

Hepatitis C Herbal Medicine Clinical Trial (Hep573 Study)

This study is to test the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

The Hep573 Study is underway at John Hunter Hospital, Royal Prince Alfred
Hospital and Westmead Hospital. The trial duration will be six months on treatment
or placebo and six months follow up. Participants aged between 18 and 65 years
will receive six months supply of the trial preparations and regular ‘check ups’.

The trial is being conducted by Ses Salmond, PhD student at the University of
Newcastle under the supervision of Professor Robert Batey. You could contact Ses
on 0414 453 243 for an information package or alternatively you could forward this
advertisement to your patients.

Approval for the protocol has been granted by Hunter Area Research Ethics
Committee, University of Newcastle Human Research Ethics Committee, Central
Sydney Area Health Service Ethics Committee and Western Sydney Area Health
Service Ethics Committee.

Enrolments in this Study close March 2005
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Advertisement for the Medical Observer, Version 2, 20 December 2004

Hepatitis C Herbal Medicine Clinical Trial (Hep573 Study)

This study is to test the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

The Hep573 Study is underway at John Hunter Hospital, Royal Prince Alfred
Hospital and Westmead Hospital. The trial duration will be six months on treatment
or placebo and six months follow-up after treatment. Participants aged between 18
and 65 years will receive six months supply of the trial preparations and regular
‘check ups’.

The trial is being conducted by Ses Salmond, PhD student at the University of
Newcastle under the supervision of Professor Robert Batey. If you would like an
information pack for General Practitioners to be forwarded to you, please contact
Ses on 0414 453 243.

Approval for the protocol has been granted by Hunter Area Research Ethics
Committee, University of Newcastle Human Research Ethics Committee, Central
Sydney Area Health Service Ethics Committee and Western Sydney Area Health
Service Ethics Committee.

Enrolments in this Study close March 2005.
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Version 3, 2 February 2005

4

Hepatitis C Herbal Medicine Clinical Trial (Hep573 Study)

This study is to test the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

The Hep573 Study is underway at John Hunter Hospital, Royal Prince Alfred
Hospital and Westmead Hospital. The trial duration is six months on treatment or
placebo and six months follow-up after treatment. Participants will receive six
months supply of the trial preparations and regular ‘check ups’.

The trial is being conducted by Ses Salmond, PhD student at the University of
Newcastle under the supervision of Professor Robert Batey. If you have hepatitis C
and are aged between 18 and 75 years and are interested in participating in this
herbal study contact Ses on 0414 453 243.

Approval has been granted by the relevant ethics committees

Enrolments close on 31 March 2005.

Phytomedicine — a natural medicines company is proudly supporting this research.
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Poster, Version 3, 10 February 2005

Front page of the poster

GET HEP!

Graphic: man holding Milk thistle

Join our Groovy Milk Thistle Hep C Trial

Phone 1800 803 990 for more info

Page 2 of the poster

216 people with hep C to trial herbal treatment

Would you like to help test whether Milk thistle and other ingredients are effective
for hep C, without the side effects of interferon or ribavirin? This trial has the
support of the Hep C Council of NSW and if you have Hep C you could be one of
the participants.

Where will the trial be run?

The trial will be run from Royal Prince Alfred Hospital and Westmead Hospital in
Sydney and John Hunter Hospital in Newcastle.

Here’s what an independent expert says about Milk thistle

“Many people want to try natural medicines (things like plant extracts) to see if their
liver function improves. Some people with chronic hepatitis C find that Milk thistle
does improve liver tests, but there is no definite proof this is an effective treatment
against a virus or to protect the liver. It is important that trials like this be conducted
to find out reliably whether people could take preparations like this against hepatitis
C”.

Professor Geoff Farrell, Professor of Hepatic Medicine, Storr Liver Unit, University
of Sydney at Westmead Hospital, NSW.

When do | start?

Screening of candidates is now underway so contact us by phoning this week.
Don’t put it off. Get HEP!

Like more info?

To find out more details about how you can participate in the ‘Milk thistle’ Hep C
trial call the helpline at the Hep C Council of NSW on 1800 803 990.
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Flyer for participants, Version 1, 13 October 2004

Hepatitis C — Have you considered herbal medicine?

Clinical trial with a difference

Clinical trial for hepatitis C — Herbal Medicine

The Hep573 Study, a scientifically based clinical trial is under way and will help us
better understand the safety and effectiveness of herbs and vitamins in the
treatment of hepatitis C.

Do you have hepatitis C, three raised liver function tests (ALT), no other severe
liver diseases and are able to come to the hospital each month for 12 months for
blood tests and to complete questionnaires?

If so we would appreciate hearing from you in order to assess if you can help us in
this study.

The trial duration will be six months on treatment or placebo and six months follow-
up after treatment.

If you participate in the study you will receive six months supply of the trial
preparations free and will receive regular check-ups and ongoing support

There are three trial sites: John Hunter Hospital, Newcastle; Royal Prince Alfred
Hospital and Westmead Hospital, Sydney.

This Study is being conducted as part of a PhD program at the University of
Newcastle by Ses Salmond under the supervision of Professor Robert Batey and
Associate Professor Alan Bensoussan.

Professor Robert Batey, Dr Simone Strasser and Professor Geoff Farrell are the
gastroenterologist specialists associated with John Hunter Hospital, Royal Prince
Alfred Hospital and Westmead Hospital respectively.

Approval has been granted from the relevant ethics committees.

Please contact:

If you would like to join the Study please contact Ses Salmond on 0414 453 243 or

ask your doctor or health professional for more information.
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Flyer for health professionals, Version 1, dated 13 October 2004

New hepatitis C herbal medicine trial has commenced.

A significant proportion of people with hepatitis C take herbal preparations. The
effect of these herbs is not fully understood therefore a randomised, double-blind,
placebo-controlled clinical trial testing the safety and efficacy of herbal medicine in
the treatment of chronic hepatitis C has commenced at three NSW hospitals.
Personnel involved: Professor Robert Batey, John Hunter Hospital; Dr Simone
Strasser Royal Prince Alfred Hospital, Professor Geoff Farrell, Westmead Hospital
and Ses Salmond, University of Newcastle.

Details of the Study are listed below:

Three arms to the study

Full treatment:—Saint Mary’s thistle, Herbs and Vitamins

Partial treatment:—Saint Mary’s thistle only

No treatment:—placebo

The placebo group at the end of the Study will receive six months supply of the
most promising formulation.

Study duration

Six months on treatment, six months follow-up

Number to be recruited

216 patients across three hospitals

Trial sites

John Hunter Hospital, Newcastle

Royal Prince Alfred Hospital, Sydney

Westmead Hospital, Sydney

Inclusion criteria Exclusion criteria
Able to give informed consent Hepatitis B or Hepatitis D or HIV
Aged between 18 and 65 years Severe liver disease
Hepatitis C antibody positive Prior combination therapy in last 6
months
Abnormal ALT/AST on 3 occasions in Pregnant or lactating females
the past 6 months—2 years
Prepared to attend monthly clinics for Unstable on methadone dose
tests, procedures
Adequate renal and haematological >70 g alcohol per week
function
NEWCASTLE | CENTRAL COAST | PORT MACQUARIE | SINGAPORE
The University of Newcastle enquirycentre@newcastle.edu.au T +61 24921 5000

Callaghan NSW 2308 Australia CRICOS Provider Number: 00109J www.newcastle.edu.au 269




THE UNIVERSITY OF

NEWCASTLE

AUSTRALIA

Contact numbers

Please register your interest in participating in this trial by phoning Ses Salmond on
0414 453 243. Recruitment has begun. Places are still available.

Outcome measures

ALT levels

PCR HCV RNA Quantitative tests (Viral load)

PCR HCV RNA Qualitiative tests (Viral detection)

Antioxidant activity

Markers of oxidative stress and lipid peroxidation

Fibrosis markers
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APPENDIX D

COMPLEMENTARY MEDICINES EXCLUSIONS

Appendix D comprises the list of complementary medicines that were excluded
whilst on the Hep573 Study.
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Complementary Medicines Exclusions 10 September 2003 for the Hep573 Study

1. Any alternative chemical treatment (nutritional supplement, herb, vitamin,
mineral etc)

Unless the alternative chemical treatment has been treating a separate condition
(other than hepatitis C) for over 12 months, in which case the supplement and the
condition are duly noted. e.g glucosamine sulphate for osteoarthritis.

The definition of alternative chemical treatment includes: Traditional Chinese
Medicine, Western herbal medicine, Ayurvedic Medicine, Kampo medicine
(Japanese herbs) and Naturopathy (western herbs, vitamins, minerals and
nutritional supplements).

The best way to achieve this is to have the cleanest baseline measurement possible
?/ stopping all herbs and vitamins prior to trial entry, unless someone is a recovering
a cohollc and is on thiamine.

However if the product used for a separate condition contains anyone of the
ingredients below it is excluded and requires a wash out period of 12 weeks prior
to trial entry.

Any supplement that contains any of the following trial ingredients is
inadmissible

Alpha lipoic acid
Andrographis

Astragalus

Grapeseed extract

Green tea

Phyllanthus

Turmeric

St John's wort (Hypericum)
Selenium

Siberian ginseng (Eleutherococcus)
Vitamin C

Zinc

Although not a trial ingredient Vitamin B12 may help stall HCV replication.
Any sugplements that include vitamin B12 are excluded whilst on the.trial unless
prescribed for another condition for greater than 12 months.

2. Physical therapies

The following physical therapies are permitted while on the trial:

Osteopathy, Chiropracty, Reflexology, Rolfing, Deep tissue massage, Remedial
mﬁssage, Aromatherapy massage, Swedish massage, Physiotherapy, Acupuncture,
Shiatsu

It is requested that these physical therapies remain stable during the Study period and
are recorded.

3. Tea, Coffee, Herbal tea

No specifications will be made regarding tea, coffee and herbal tea consumption
except that the consumption of Green tea, St John's wort tea are prohibited as they
are trial ingredients. However accurate recording of the participant's intake of these
substances must be taken.

4. The following lifestyle practices are permissible while on the trial:

Qi Gong, Tai Chi, Yoga, Pilates, Feldenkrais, Alexander technique, Bowen
Technique (Therapy), Kinesiology, Meditation and exercise. It is also requested
that these remain stable during the study period. Accurate recording of lifestyle
practices would be appreciated.
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APPENDIX E

ALCOHOL, DRUGS, DIET AND SYMPTOMS QUESTIONAIRES

Appendix E contains questionnaires used in the Hep573 study to assess possible

confounding factors.
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Name of the Instrument: ALCOHOL AND OTHER DRUGS SCREENING QUESTIONNAIRE
To be completed by: Trial participant in consultation with one of the research team
Hep573: Randomised, double-blind, placebo-controlled clinical trial to

compare the efficacy and safety of two different herbal and/or

vitamin formulations in patients with chronic hepatitis C.

Site Subject’s | Date of Birth Visit Date Screen

Number Initials

Patient Identification

L0 o0 | B0/ An/boooU0/Any/buun | saee: e4

TOBACCO HISTORY
Q1. Please tick the most correct answer

Non-smoker 0
Ex-smoker 0
Current smoker 0
Years smoked No. per day/week (e.g. 15/d or 15/wk) Strength in mg
Quit how long ago No. of quit attempts Weak (3 strong OJ

ALCOHOL HISTORY

The following diagram shows what is referred to as a standard drink.
Use the following diagram to help you measure the amount of alcohol (per standard drink size) you drink.

OR f OR | OR y

q
|

Hea\fy Beer Wine Fortified Spirits
(middy) 100 mi Wine Liqueurs
285 mi 60 mi 30 mi

Q2. When was the last time you drank alcohol, (please specify day, week ago etc)

and how many standard drinks did you drink (tick below) over what time period (hours, day)

» 20 or more standard drinks per day 0
» 15-19 standard drinks
» 10-14 standard drinks
» 5-9 standard drinks

» 3-4 standard drinks
» 2 standard drinks

» 1 standard drink

» Other amount e.g. 1/2 glass of wine Please specify

guoauaoaaaaan

» Never Goto (Q7)
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Q3. When was the second last time you had a drink (please specify the time between drinks e.g. 1

week ago, the day before)

and how many standard drinks did you drink (tick below) over what time period?

» 20 or more standard drinks per day
» 15-19 standard drinks

» 10-14 standard drinks

» 5-9 standard drinks

» 3-4 standard drinks

» 2 standard drinks

» 1 standard drink

Quauoaoaaaq

» Other amount Please specify

Q4. When was the time before that, that you had a drink

and how many standard drinks did you drink (tick below) over what time period?

» 20 or more standard drinks per day
» 15-19 standard drinks

» 10-14 standard drinks

» 5-9 standard drinks

» 3-4 standard drinks

» 2 standard drinks

» 1 standard drink

guoaguoaaaaq

» Other amount Please specify

Q5. Has this been your normal drinking pattern during the past three months?  Yes (J No (J

Q6. If not, how has your drinking pattern changed? Please specify

Q7. On average, how often do you have a drink containing alcohol?

Never (J Monthly (J Once per week (3 2-4 times (J 5 or more (J
or less or less a week a week

Q8. How many standard drinks do you have on a typical day when you are drinking?

10 20 3orad 5o0r60 7-90 10-140  15-190 20ormore (J
Q9. How often do you have 6 or more standard drinks on one occasion?

Never (J Less than (J Monthly (J Weekly OJ Daily OJ
monthly
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Q10. Have you changed your alcohol use since your diagnosis of hepatitis C?

Year of diagnosis of Hep C (Fill in)

Please tick the applicable box/es

Qaaaa

Stopped drinking

Cut down drinking. By how much?
Changed type of alcohol. What change?

Increased drinking. By how much?

No change

Other, please specify

Yes O No O

Q11. Other drug history (Specifically recreational and non-prescription drugs)

Substance

Route of
administration

Dose/Frequency
E.g. 2 tabs daily

How long using the
substance?

Date last used

Heroin

Methadone

Cocaine

Speed/
Amphetamines

Cannabis

Solvents

Prescription
medicine type

Hallucinogens
e.g. acid

Ecstasy/
Party drugs/type

1 [ U U s I [ O I

Other
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Name of the Instrument: ALCOHOL AND OTHER DRUGS FOLLOW-UP QUESTIONNAIRE
To be completed by: Trial participant in consultation with one of the research team
Hep573: Randomised, double-blind, placebo-controlled clinical trial to

compare the efficacy and safety of two different herbal and/or

vitamin formulations in patients with chronic hepatitis C.

Site Subject’s  Date of Birth Visit Date Screen

Number Initials

LU | DU | UH/Ud/0odd| on/ad/aUuon Eﬁ?ﬁéﬁdeﬁig‘g

Cigarette smoking in the past month
If you are a non-smoker go to Q2. Non-smoker 0
Q1. On average, how many cigarettes/rollies have you smoked in the last month?

No. per day/week (e.g 15/d or 15/wk) Strength in mg
Comment:

Alcohol consumption in the past month

If you never drink alcohol go to Q5. Non-drinker (J
Q2. On average, how often do you have a drink containing alcohol?

Never O Monthly (J Once per week (J  2-4times OJ 5 or more (J
or less or less a week a week

Q3. How many standard drinks did you have in the past month on a typical day when you were drinking?

' OR OR i OR i
. wtlitne g

Bt |

OR i
Light Beer Heavy Beer Wine Fortified Spirits
oo GHa wm W men
103 23 30r4d 50603 7-90 10-140 15190  200rmore 3

Q4. How often do you have 6 or more standard drinks on one occasion in the past month?

Never O Less than OJ Monthly (J Weekly OJ Daily OJ
monthly
Comment:

Recreational drug use in the past month

Q5 On average. how often in the last month have you used a recreational drug?

Never (J Monthly (J Once per week (3 2-4 times (J 5 or more (J
or less or less a week a week
Comment:
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Diet And Symptoms Checklist

Confidential Hep573 [ ][ ][]

Visit Month: Date completed: (dd/mmfyyyy) [/ /20

» We would like to know about your recent diet and health.

* First, mark which of the foods or drinks listed below you have had in the past month. For those you
have had, mark if they made you feel sick or ill, and if they did, how sick or ill you felt .

 Then overleaf, mark which of the list of symptoms you have had in the past month. For each
symptom you have had, show how much of the month it has troubled you, and how bad it has been.

PLEASE COMPLETE THIS CHECKLIST BEFORE YOUR NEXT DOCTOR'S
APPOINTMENT AND GIVE IT TO YOUR DOCTOR WHEN YOU GO TO SEE THEM

THANK YOU

In the past month have you eaten or drunk

any of the following:

Foods Eaten

Did it make you feel
sick or ill?

How sick
did you feel?

Food list

No \ Yes
(Circle)

No \ Yes
(Circle)

v/ the correct

answer

PIIN

aleJopoN
21anas

Dairy foods, full fat (e.g. milk, cheese etc)

No \yes, If yes = >

No \yes, If yes = >

[]

(T[]

Dairy foods, reduced/low fat or "light"

No \yes, If yes = >

No \yes, If yes = >

[]

Butter, margarine, fats or oils

No \yes, If yes = >

No \yes, If yes = >

[]

(T[]

Fatty meats (e.g. mince, sausage, bacon etc)

No \ yes, If yes = >

No \yes, If yes = >

[]

(T[]

Roast meat or vegetables

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Fried foods (e.g. chips, fish/chicken, spring rolls)

No \ yes, If yes = >

No \yes, If yes = >

[]

(T[]

Takeaways (e.g. pies, pasties, sausage rolls)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Soft/fizzy drinks (with sugar)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Soft/fizzy drinks (with artificial sweeteners)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Spicy hot foods (e.qg. curries, chilis etc)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Seafoods (e.g. prawns, oysters, marinara etc)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Nuts or peanut butter

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Canned fruit (sweetened)

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Sugar, honey or syrup

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Lollies, sweets, fudge, caramel etc

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Chocolate, chocolate bars

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Cakes, biscuits, pastries

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Coffee

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Alcohol

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]

Bread/Gluten

No \ yes, If yes = >

No \ yes, If yes = >

[]

(T[]
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SYMPTOM CHECKLIST (v the correct answer)

In the past month have you been How much of the last How bad has
troubled by: month has this it has been?

occurred?
-l | 2| > < v
Elclt g % g°
Pain in liver area (upper right belly) | No\yes, Ifyes==> [ [ T | [ 1| [ 1| [1|[1]And==> | []1|[1]|1[]
-sharp stabbing pain No\yes,Ifyes==> [ [ 1| [ 1|1/ [1|/[11And=> |[TI[1]|1[]1
-dull ache Nolyes, ffyes==> | [ ] | [ 1| [T|[]|[[][And=> []|[]][]
Tiredness/fatigue Nolyes, Ifyes==> | [ ]| [T|[[1|[]1|[][And=> [[]]|[]][]
Poor, interrupted or broken sleep | No\yes,Ifyes==> | [ 1| [ 1| [ 11T TI[1]And=> [[1111111
Night sweats No\yes, Ifyes==> [ [ TI T 1T T1|[1/[1]And=> |[]1|[1]|1[]1
Wake up feeling tired No\yes,Ifyes=> [ [ 1|11/ [1|1[11And=> |[TI|[1]|1]1
Tired/aching muscles No\lyes, Ifyes==> [ [ TI L1/ 1|01/ [1]And=> |[]1|[1]1[]1
Poor appetite No\yes, Ifyes==> [ [ TI T/ T1|[1/[1]And=> |[]1|[1]|1[]1
Bleeding gums No\yes, Ifyes==> [ [ TI T 1T T1|[1/[1]And=> |[]1|[1]|1[]1
Sore, dry or uncomfortable throat | No\yes,Ifyes=> | [ 1| [ 1| [ 1| [1|[11And==> |[1[[1111
Nausea No\yes, Ifyes==> [ [ TI L1/ T1|[1/[1]And=> |[]1|[1]1[]1
Vomiting No\lyes, Ifyes==> [ [ TI L1 T1|[1/[1]And=> |[]1|[1]|1[]1
Indigestion No\lyes, Ifyes==> [ [ TI L1 T1|[1/[1]And=> |[]1|[1]1[]1
Gas or bloating after meals No\yes,Ifyes==> [ [ 1|11/ [1|/[11And==> |[TI[1]|1[]
Gas or bloating anytime No\yes,Ifyes==> [ [ 1|11/ [1|[11And==> |[TI[1]|1[]
Diarrhoea No\yes,lfyes==> | [ 1| [1|[T|[]|[]1[And=> []|[]][]
Constipation Nolyes,lfyes==> | [ ]| [T |[T|[]|[[]1[And=> |[]|[]]|[]
Pale stools/bowel motions No\yes, Ifyes=> [ [ 1| [ 1L T[] |[1|And=> |[1|[]1|I[]1
Frequent urination (often at night) | No\yes,Ifyes==> | [ 1| [ 1| [ 11 [ 1| [1]And=> | [1[[]1]|1[]1]
Dark urine Nolyes,lfyes==> | [ ]| [1|[T|[]|[]1[And=> J[]|[]]|[]
Skin rash, itchy skin No\yes, Ifyes==> | [ T[T |[1|[1|[]1|And=> |[T|[1]|[]
Swollen ankles (fluid retention) No\yes, Ifyes=> [ [ T [ 1L T1[[]|[1|And=> |[1|[1|I[]1
Fevers No\yes,Ifyes==> [ [ 1| [ 1|[1|[1|[]|And=> | [T|[T1]|1[]
Back pain No\yes, Ifyes=> [ [ 1| [ 1L T1[[]|[1|And=> |[1|[]1|I[]1
Joint pain No\yes,Ifyes==> [ [ 1| [ 11| [1|[]|And==> |[T|[1]|1[]
Dry or itchy eyes No\yes,Ifyes==> [ [ 1| [ 11| [1|[]|And==> | [T|[1]|1[]
Vision problems No\yes, Ifyes=> [ [ T [ 1L T[] |[1|And=> |[1|[1|1I[]1
Dizziness No\yes, Ifyes=> [ [ T [1|LT1[[]|[1|And=> |[1|[1|I[]1
Headache No\yes, Ifyes==> [ [ T[] |LT1[[]|[1|And=> |[1|[1|I[]1
Poor concentration No\yes,Ifyes==> [ [ 1| [ 1|1 0L1|[]|And==> |[T|[1]|1[]
Irritable or cranky No\yes,Ifyes==> [ [ 1| [ 11| [1|[]|And==> |[T|[1]|1[]
Mood swings No\yes, Ifyes==> [ [ T[] |LT1[[]|[1|And=> |[1|[1|I[]1
Unhappy/depressed No\yes, Ifyes==> [ [ T [1|LT1[[]|[1|And=> |[1|[]1|I[]1
Other (optional): No\yes, Ifyes==> [ [ T [ 1L T11[]|[1|And==>|[1|[1I|I[]1

‘In the past month have you: [ ]stayed the same weight

[ ]gained weight

[ ]lost weight |

FOR WOMEN ONLY: Do you have?

Pre-menstrual tension No \yes, Ifyes => |[ ]stayed the same

[ ]improved

[ ]worsened

Period pain No \yes, Ifyes => |[ ]stayed the same

[ ]improved

[ ]worsened
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APPENDIX F

CONDUCTING A COMPLEMENTARY MEDICINE TRIAL, A CHECKLIST

Appendix F comprises a checklist of lessons learnt from the Hep573 Study and a

list of possible administration issues.
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CONDUCT OF COMPLEMENTARY MEDICINE RESEARCH CHECKLIST

The following checklist for the conduct of complementary medicine research

imparts the lessons learnt and valuable experience gained by the Study

Coordinator which may benefit future complementary medicine (CM) colleagues in

the planning and conduct of clinical trials. It is suggested that CM colleagues:

Canvass widely with colleagues and peers re the study design to ensure that
the primary and secondary outcome measures are relevant to investigative
guestions and are reflective of both the current literature and the paradigm of
complementary medicine.

Establish a research team, comprising specialists in their particular field of
research attached to institution/s conversant in and with a track record in
research, along with CM colleagues who have conducted research in
complementary medicine.

Involve a biomedical statistician in the study design, sample-size calculation on
the primary endpoint, the randomisation method to ensure wherever possible
that the groups are evenly distributed across predesignated primary baseline
characteristics and provide the method outline for the statistical analysis of the
results.

Obtain human research ethics committee approval for the study protocol,
participant information sheet and all advertising material simultaneously.
Register the trial with the Australian Therapeutics Goods Administration (Note:
each site requires a separate application fee).

Register the trial with the Australian New Zealand Clinical Trials Register
(ANZCTR).

Request the CM manufacturer that they archive voucher specimens, provide
certificates of analysis and stability data as soon as the study has obtained
ethics committee approval. Obtain a commitment from the manufacturer for the
provision of replacement stock as well as active preparations for placebo (for
effective intervention) and provisions for possible company changes in direction.
Allow the maximum time possible for recruitment of participants.
Intention-to-treat analysis means ensuring there are data on each randomised
person, therefore it is better to keep all participants in the study regardless of
protocol violations (which can be duly noted and addressed in subanalyses of
the data).
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Ask for help from colleagues from both medical and CM disciplines as they are
both generous in their support and stewardship of solid research.

OTHER ADMINISTRATIVE SUGGESTIONS
Secure newspaper articles or television spots to generate interest in the study
and arrange personnel to field the subsequent phone calls.
Design a form for each site to track every call of interest, along with age, sex,
postcode, reason for ineligibility or eligibility of potential participants and
referral to relevant site for screening.
Provide the sites with possible scenarios of allowable complementary
medicines or possible drug-herb interactions.
Establish a list of participants, contact details, date study commenced,
research blood results.
Allocate time to monitor the records of each site, ideally on a weekly basis as
bloods are kept by laboratories for one week and a missing blood may be able
to be added, to minimise missing data wherever possible.
Label cryogenic tubes for the study with permanent-marker pen rather than
using labels which can deteriorate over time in freezer storage.
Store the frozen bloods in specimen boxes with study name, study week,
serum or plasma clearly identified as this provides the easiest and most
systematic retrieval of samples compared to random stacks of samples. Paper
labels in one hospital meant retrieval was difficult and time intensive. A
corresponding entry for each participant, date of collection and despatch of
samples for analysis in a separate folder or book is essential.
Establish data model and processing procedures to aid statistical analyses.

Enter and validate the data as they become available.
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