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Liver fibrosis is a common pathway of injury following chronic insult to the liver. The 

evolution ofliver fibrosis to cirrhosis has a wide number of clinical implications including 

bleeding, infection, hepatocellular carcinoma and death. The reference standard for the diagnosis of 

liver fibrosis is currently histological assessment of tissue obtained by liver biopsy. Whilst this 

provides valuable information it has limitations that include: being an invasive procedure, sampling 

error, observer variability and the use of categorical scoring systems. 

This thesis focussed on non-invasive markers ofliver fibrosis measured in biofluids and 

had three broad aims. Firstly, the evaluation of non-invasive markers in the literature in two major 

causes ofliver disease, chronic hepatitis C (CHC) and non-alcoholic fatty liver disease (NAFLD). 

Secondly, the exploration of how non-invasive markers could be used in clinical practice. Thirdly, 

the investigation of a novel technology to improve the diagnostic accuracy of non-invasive 

markers. 

The systematic reviews highlighted the breadth of serum markers that are potentially 

available for the diagnosis of liver fibrosis and how the field has evolved from the use of single 

markers in NAFLD to panel markers in CHC. Simple markers, identified in the systematic review, 

were combined with a panel marker test to assess if diagnostic performance could be improved. A 

clinical utility model was developed to show how diagnostic tests can be used in clinical practice. 

Using this model 86 % of liver biopsies could be avoided using a novel combination of panel 

markers for the diagnosis of severe fibrosis in NAFLD. The final part of the thesis explored how a 

technology platform, metabonomics, could aid the development of diagnostic markers. In this part 

ofthe study a number of signals were found to alter in early fibrosis, including mediators related to 

glucose metabolism. The potential to use metabonomics as a diagnostic is limited by practical 

considerations but it may have a role in highlighting critical pathways of disease. 

Current non-invasive biomarkers have a role in the assessment ofliver fibrosis and 

continuing to improve the accuracy and spectrum of diagnosis of non-invasive markers will 

increase the application of these tests in routine clinical practice. 
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Rationale for this thesis 

Deaths from liver cirrhosis in the UK are increasing; in 2001 the Chief Medical Officer 

reported an eight fold increase in the death over the last 30 years in men aged 35-44 and a seven 

fold increase in women aged 35-44 I. The burden of chronic liver disease in the UK is high and 

rising and the three main causes are alcohol, chronic hepatitis C (CRC) and non-alcoholic fatty 

liver disease (NAFLD). This will lead to higher rates of cirrhosis over the next few decades as a 

significant proportion of patients with such chronic liver disease will develop liver fibrosis and 

cirrhosis (eg 20-25 % in CRC and 20-30 % in NAFLD). 

Conservative estimates of chronic hepatitis C in the UK suggest at least 250,000 

individuals, however because of the difficulties of ascertaining disease estimates in vulnerable 

groups such as intravenous drug abusers and prisoners the true prevalence may be much higher 2. 

The epidemic of obesity is leading to complications of type 2 diabetes, metabolic syndrome and 

non-alcoholic fatty liver disease. It has been estimated that NAFLD may affect 20-30 % of the 

general population in western countries3
. 

There are a number of reasons why it is important to have a safe and effective diagnostic 

tool for liver fibrosis. Patients with liver fibrosis represent the group at greatest risk of developing 

liver associated morbidity and mortality and thus are in greatest need of therapy for the underlying 

aetiology (eg antiviral treatment for CRC, abstinence for alcohol and weight lossl possibly 

glitazones for NAFLD). Secondly, prognostic information for utilisation by patients and clinicians 

is dependent on assessing disease severity and understanding factors associated with progression. 

Thirdly, where it is not possible to remove the underlying insult, specific anti-fibrotic therapy in the 

future may have an important role; the potential target population will need to be identified and the 

effectiveness of any therapy measured in terms of reducing progression of fibrosis. Finally, liver 

fibrosis is generally asymptomatic until the final stages of disease. Thus the estimation of the 

prevalence of significant disease (i.e. fibrosis or cirrhosis) requires diagnostic tests. It may be 

underestimated currently for example due to under-ascertainment on death certification, social 

stigma of certain aetiologies ofliver disease and reliance on an invasive method of diagnosis. To 
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plan preventative and therapeutic interventions effectively, the incidence and prevalence of liver 

disease of different severities (from mild fibrosis to cirrhosis) will need to be established in the 

population. Additionally, causal factors associated with fibrosis will need to be determined. Such 

epidemiological studies require simple, robust non-invasive measures. 

Diagnostic tests are well established for the underlying liver aetiology, eg blood tests 

measuring genotype and viral load in chronic hepatitis Band C or iron studies in serum in 

combination with genotype for haemachromatosis. Critically however, the diagnosis ofliver 

fibrosis is currently reliant on histological assessment of liver tissue. Whilst this has been the 

reference standard for the general diagnosis of liver disease it has several problems and is imperfect 

for the assessment of fibrosis. It is invasive and in large studies complications of pain (20%), 

serious morbidity (0.6%) and mortality (0.01 %) are reported 4. The biopsy is subject to sampling 

error; studies have shown a 30 % difference in staging of disease when biopsies are taken from the 

right and left lobe of the liver of the same patient at open laparoscopy 5. Interpretation of biopsies 

by pathologists is subject to intra- and inter- observer variability. Furthermore, the scoring systems 

used have inherent constraints because they are based on ordinal, categorical variables and due to 

the invasive nature of biopsy there are ethical considerations on the intervals between biopsies. 

This thesis is divided into three areas. 1) The evaluation of non-invasive markers in the 

literature in two major causes ofliver disease, chronic hepatitis C and NAFLD. 2) The exploration 

of how non-invasive markers could be used in clinical practice. 3) The investigation of new 

technologies that may potentially improve the diagnostic accuracy of non-invasive markers. 

11 



Chapter 1 . Introduction to liver fibrosis and cirrhosis 

1.1 Structure and function of the norma/liver 

The liver is the largest organ in the body and weighs between 1 to 1.5 kg. It has a dual 

blood supply; the portal vein brings the majority of blood (70-80 %) from the intestines and spleen 

and the hepatic artery is a branch of the coeliac axis. The vessels enter the liver through the porta 

hepatitis before dividing into branches to the right and left lobe. The basic structure of the liver 

consists of a hepatic lobule comprising a central hepatic vein with peripheral portal tracts (each 

containing a bile ductule, portal venule and hepatic arteriole). Blood flows from these portal tracts 

to the central vein via sinsoids. 

Figure 1-1: Schematic diagram of lobule with central hepatic vein, sinusoids and peripheral 
portal tract. 

Central vein S inuso ids Portal tract 
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The sinusoids are specialised capillaries and are lined by a fenestrated endothelial barrier. 

This facilitates exchange between incoming blood and hepatocytes thorough the space ofDisse. 

Resident macrophages of the liver, Kupffer cells, lie in close proximity to the sinusoids and have a 

role in the clearance of endotoxins, immune complexes and senescent red blood cells. Furthermore, 

they have a role in the innate immune response and produce pro-inflammatory cytokines. The 

hepatic stellate cells also have a peri-sinusoidal location. They store vitamin A but on activation 

transform into alpha- smooth muscle actin-positive cells and have a role in regulation of 

microvascular tone and the synthesis of extracellular matrix. 

The liver has a number of diverse functions. It has a central role in the metabolism of 

amino-acids (eg transamination), carbohydrates (eg glycolysis and gluconeogenesis), lipids (eg 

cholesterol production), haemoglobin, bile salts, iron, copper, vitamins, ammonia and drugs. The 

liver is a major synthetic organ for the production of albumin, serum binding proteins (e.g. 

haptoglobin and sex hormone binding globulin) and clotting factors. It is an important 

immunological site (eg cytokine signalling, antigen surveillance and immune tolerance) and has an 

important excretory function in producing bile. 

1.2 Evolution of fibrosis to cirrhosis 

Fibrosis is part of the innate wound healing response which occurs in injured tissues. 

Within the liver, fibrosis is characterised by the deposition of extracellular matrix. Current 

evidence indicates that net deposition of matrix is the result of a balance between synthesis and 

degradation and constitutes a dynamic process. The progression of fibrosis to cirrhosis has a 

number of sequale. Firstly it will distort hepatic architecture and vasculature, secondly it will have 

a deleterious effect on hepatic function and thirdly it will increase the propensity for neoplastic 

transformation. Therefore the evolution of fibrosis to cirrhosis represents a change in morphology, 

haemodynamics and function of the liver. 
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The progression of liver fibrosis occurs by a number of mechanisms including iterative 

injury, apoptosis and collapse, inflammation, contractility and angiogenesis. These will be briefly 

discussed. 

Iterative injury 

It is self evident that iterative injury is an important and common mechanism by which 

fibrosis progresses to cirrhosis. This is exemplified by clinical paradigms where the injurious insult 

is removed. In alcoholic liver disease, abstinence from alcohol not only prevents disease 

progression but be associated with regression. Similarly, anti viral treatment in hepatitis Band 

hepatitis C and venesection in haemachromatosis are therapeutic strategies which can prevent the 

development of cirrhosis. 

Apoptosis and collapse 

Reduced hepatic cell mass is a key feature of advancing liver disease; apoptosis and 

collapse both contribute to this. 

Toxic injury to hepatocytes can initiate "programmed" cell death, a process known as 

apoptosis. However, apoptosis may also augment inflammation, by the direct release of cellular 

contents such as cytokines or by the signals that induce apoptosis also co-stimulating inflammatory 

cascades 6. Apoptosis results in the fragmentation of cells into membrane bound bodies called 

apoptotic bodies. The clearance of apoptotic bodies has classically been viewed as not inducing 

inflammation but in certain liver models it has been shown to be fibrogenic 7. Additionally 

secondary necrosis can supervene in the context of massive apoptosis when clearance mechanisms 

are overwhelmed. Therefore, apoptosis not only causes a loss ofhepatocytes but also contributes to 

inflammation and fibrosis which in turn, leads to further apoptosis. Finally, the complex interaction 

of apoptosis and fibrosis is highlighted by the role of apoptosis in the resolution of fibrosis. It has 

been shown that loss of activated hepatic stellate cells, mediated by apoptosis, occurs in the 

recovery phase of fibrosis 8
. Moreover gliotoxin, which is a fungal metabolite that induces apoptosis 

in activated HSCs, ameliorates fibrosis in a carbon tetrachloride rat model9
• 
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Collapse of architecture results in the approximation of portal veins to hepatic veins and it 

has been postulated that this is due to vascular obstruction. A study in non-alcoholic hepatitis has 

demonstrated that 20 % of hepatic veins were obstructed in fibrosis stage O. This increased to 45 % 

in stage 3-4 fibrosis 10. These figures suggest that vascular obstruction is an important pathological 

process even in the milder stages of disease. Furthermore, collapse of architecture and disruption of 

sinusoidal blood flow results in hypoxia of the hepatic parenchyma with resulting accentuation of 

inflammation and fibrosis (see section below on angiogenesis). 

Inflammation 

Inflammation involves the processes of cellular exudation and increased vascular 

permeability. The presence or absence of inflammation in the liver is usually determined by 

histology. Whilst the majority of chronic liver diseases are associated with inflammation, in others, 

e.g. haemachromatosis, histological evidence of inflammation may not be prominent. To try and 

subdivide fibrosis into "inflammatory" and "non-inflammatory" processes is over simplistic as the 

two processes have a great deal of overlap. Furthermore, histological examination offers a "snap 

shot" view of events and is also limited by biopsy size. Moreover, there may be evidence of release 

of cytokines associated with injury and inflammation even in the absence of a cellular infiltrate. 

Therefore, the absence of inflammatory cells on a biopsy does not always exclude an inflammatory 

aetiology. However by using this classification, one can highlight some of the proposed 

mechanisms for the development and progression of fibrosis. 

The hepatic stellate cell (HSC) has a central role in the inflammatory process. Activation 

involves the transdifferentiation of the quiescent, retinoid storing HSC, into the activated, 

contractile 'myofibroblast'. In the activated state HSCs enter the cell cycle leading to an 

accumulation ofHSCs in areas of injury. The activation and proliferation of stellate cells has a 

number of effects. Firstly, there is a direct increase in the amount of matrix produced, in particular 

collagen 1 but also collagen IV and collagen III. Secondly, the HSC is a source of both 

metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases (TIMPs). These substances 

lead to the degradation of collagen (MMPs) or inhibit the degradation of collagen (TIMPs) and 
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therefore the relative production of these will influence fibrosis accumulation or degradation. 

Studies have demonstrated a positive correlation between the degree of fibrosis and the 

accumulation of activated HSCs in the damaged liver 11;12. Conversely the resolution of acute liver 

injury. following paracetamol has been shown to be associated with a reduction of activated HSCs 

13. The matrix components present in hepatic fibrosis include collagens (predominantly interstial 

but including other collagen components eg type IV collagen), proteoglycans and matrix 

glycoproteins. In turn this neo-matrix may regulate progression. The normal basement membrane 

type matrix (rich in collagen IV) and its replacement with a matrix rich in type 1 collagen, 

associated with inflammation and fibrosis, is likely to critically alter cell-matrix interactions 

resulting in activation and perpetuation of activation of HSCs. 

Other cell types involved in the inflammatory process include Kupffer cells, and T 

lymphocyte cells, largely through cytokine mediators. T cell subtype has been demonstrated to be 

important; for example a Th2 response, in comparison to a Thl response, promotes fibrogenesis 14. 

This dichotomy of response may have evolved as a response to parasites, which classically elicit a 

Th2 driven response. There is also emerging interest in the relative contribution to fibrosis from 

other myofibroblasts i.e. portal myofibroblasts and myofibroblasts of bone marrow origin 15. 

Contractility 

The teleological reason for contractility is the necessity for the body to close wounds, an 

integral part of healing. In common with wound healing processes in other tissues, the 

myofibroblast population in hepatic areas determine contractile activity. The contraction of 

activated myofibroblasts may have a contributory role in the development of portal hypertension. 

Endothelin concentrations, a powerful stimulation for contraction ofHSC, rise after fibrotic injury. 

To confound this, nitric oxide, which antagonises the effect of endothelin and is derived from 

endothelial cells, is reduced in injury. Receptors for endothelin-l and other less potent factors 

including eicosanoids, prostaglandins, vasopressin, adenosine, thrombin, P AF and angiotensin 11 

have been found on activated HSCs 16. 
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Angiogenesis 

Sinusoids in the liver conduct blood form the portal tract to the central hepatic vein. 

Fenestration of the sinusoids allows hepatocytes to extract and secrete substances into the 

circulation. The endothelial lining of these sinusoids become non-fenestrated with the development 

of peri sinusoidal fibrosis. This "capillarisation" of the sinusoids leads to functional shunting of the 

blood across the lobule with a resulting deficient supply of nutrients and oxygen. Relative hypoxia 

of the parenchyma can result in the release of angiogenic factors as evidenced by animal models 

\7;\8. The release of these factors may then contribute to the development of vascular structures 

within the fibrous tissue connecting portal to portal tract or more significantly, portal tract to 

central vein. Therefore both functional and anatomic shunting of blood occurs within the lobule, 

causing the development of a vicious circle encompassing hypoxia and fibrosis. Furthermore, 

vascular thrombosis also contributes to the vascular insufficiency. Imaging studies have 

demonstrated a significant proportion of portal vein thrombosis in cirrhotic patients \9-2\ and when 

explanted livers ofthis group are examined at autopsy occlusion of the portal and hepatic vein are 

found in 36 and 70 % of patients respectively 22. 

1.3 Clinical factors influencing progression of fibrosis 

In general, the progression of fibrosis requires the presence of ongoing stimulus over 

months to years. There are exceptions to this including neonatal fibrosis and veno-occlusive disease 

which follow a more fulminant course, for reasons which are not entirely clear 23;24. The rate of 

progression varies within and between diseases. In hepatitis C factors found to influence 

progression of fibrosis include male sex, duration of infection, acquisition of infection at an older 

age (>40), long term excessive alcohol intake, immunosuppression, Co-infection with HIV or 

HBV, and non-response to antiviral therapy. Additionally, longitudinal studies have suggested that 

the degree ofnecro-inflammation at the first biopsy may predict future fibrosis 25;26 and have added 

weight to the concept that fibrosis progresses in a non-linear fashion. In hepatitis B, ongoing 

inflammation, influenced by host and viral factors, correlates with fibrosis 27;28. The risk factors for 

progression in NASH are still being defined but include obesity, insulin resistance and age29
. 
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Whilst some of the risk factors are intuitive, such as continuing inflammation and dual 

pathology, others are less so. In HCV and NASH, why does the age of acquisition of disease 

influence fibrosis progression? Is there a significant difference in the wound healing response with 

increasing age, perhaps determined by cellular senescence, or does this simply reflect a higher 

starting point due to sub-clinical fibrosis? Large studies to date have not shown that viral genotype 

has a role in fibrosis progression in HCV yet this clearly influences response to treatment 30. There 

is however increasing evidence for the role of the host genotype in fibrosis e.g. polymorphisms 

including TGF- beta and angiotensinogen 31. Recently, the genetic factor V leiden mutation has 

also been shown to be associated with rapid progression of fibrosis in hepatitis C 32. 

The progression of fibrosis may therefore be through a series of common pathways but a 

multitude of factors determine to what extent and how quickly the final stage of cirrhosis is 

reached. 

Reversibility of fibrosis 

The reversibility of fibrosis has been demonstrated in a spectrum of diseases including 

autoimmune hepatitis treated with steroids, haemachromatosis responding to venesection, hepatitis 

C treated with antiviral therapy and biliary decompression for secondary biliary fibrosis 33-37. The 

reversibility of cirrhosis is more contentious and it has been argued that for this to occur, there is a 

requirement to demonstrate complete regression of neo-vascularisation and architectural 

disturbance in addition to fibrosis 38. 

1.4 Definition of cirrhosis 

Cirrhosis is defined as the pathological findings of diffuse fibrosis and conversion of 

normal liver architecture into nodules. In the fifth century BC, Hippocrates recognised that 

hardening of the liver was a poor prognostic sign in the presence of icterus. The term cirrhosis is 

credited to Rene Laennec and derived from the Greek kirrhos, meaning orange-yellow. It described 

the autopsy appearance of the liver in a patient with cirrhosis which also demonstrated nodules and 
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an irregular edge. The definition has been refined over the years, notably by a consensus 

conference in La Habana 1956 and a working party sponsored by the World Health Organisation 

in 1978 39, to provide us the basis for the present defInition. Despite its morphological defInition 

cirrhosis also implies a disturbance of hepatic and post hepatic haemodynamics which may playa 

signifIcant role in the evolution of fIbrosis and the clinical sequale. 

1.5 Epidemiology 

The number of deaths from cirrhosis in different regions is graphically illustrated below in 

fIgure 1.2. These fIgures are based on estimates made by the WHO report for 2002 40 • 

Figure 1-2: Global deaths from cirrhosis 

Global deaths from cirrhosis 
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The temporal change of mortality from cirrhosis appears to vary world wide. A recent study 

examined cirrhosis mortality rates from 1980 to 2002 and found whist there was a decline in many 

regions including the USA, Japan and Australia there had been a rise in mortality in Eastern Europe 

and the UK 41 . Furthermore, a study in the Lancet demonstrated that mortality from cirrhosis almost 

doubled in Scotland and rose by 69 % in England and Wales, between 1997 to 2001, in contrast to 

reducing mortality in Southern Europe 42. A major determinant of this is most likely related to a 

change in consumption and availability of alcohol. However, the contribution of obesity and viral 
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hepatitis as aetiological factors cannot be discounted until more accurate epidemiological data is 

made available. 

The prevalence of cirrhosis is difficult to ascertain for a number of reasons. Firstly, cirrhosis 

is often clinically silent and a significant proportion of patients with undiagnosed cirrhosis have 

been found at autopsy studies 43. Secondly, the reliance on death certification for the rates of 

cirrhosis is dependent on having the infrastructure to collect this data. Additionally, even if these 

resources are in place the stigmata of documenting cirrhosis and its aetiology will influence 

reporting. 

Autopsy studies have an inherent bias because cirrhosis carries a risk of mortality. 

Furthermore, death rate may not always be a valid surrogate for prevalence and the relationship is 

not always linear. For example, if treatment significantly improves, the prevalence of the condition 

in the community will rise but the death rate from the condition, depending on how data is 

collected and documented, may appear to fall if these subjects subsequently die from an unrelated 

condition. Currently, the absence of accurate, validated, non-invasive tools for the diagnosis of 

cirrhosis makes population screening a difficult proposition. 

1.6 Aetiology of cirrhosis 

The causes of cirrhosis are numerous and can be broadly divided into infectious, metabolic, 

inherited, biliary, immunological, vascular and drugs. The commonest cause of cirrhosis globally is 

chronic hepatitis B. In the UK, the leading causes are alcohol, chronic hepatitis C (CHC) and Non

alcoholic fatty liver disease (NAFLD). As the latter two aetiologies form the basis of work in this 

thesis, they are described in greater detail below. 

Chronic hepatitis C 

Chronic Hepatitis C (CHC) is recognised as a major healthcare problem with a 

worldwide prevalence of over 200 million 44. Prevalence is increasing, and estimates of the future 
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burden ofCHC predict at least a three fold rise in cirrhosis by 2020 45;46. CHC can be acquired by 

contamination with biofluids and recognised routes of transmission include transfusion of blood 

products before 1991, intravenous drug abuse, tattooing and sexual intercourse. Approximately 70-

85 % patients who acquire the virus develop chronic hepatitis C. The progression of chronic 

hepatitis C is variable and dependent on additional factors such as age of infection, gender and 

alcohol consumption. The majority of patients with CHC will develop hepatic fibrosis and between 

25-30 % progress to cirrhosis with all the attendant long term complications of liver disease 

including death. 

Hepatitis C is a RNA virus and diagnosis is suggested by the presence of antibodies to the virus and 

confirmed by measuring the virus in serum using the polymerase chain reaction method. Treatment 

for chronic infection involves pegylated interferon and ribavarin for either 24 or 48 weeks. The 

response rates depend on the family of virus, eg there is a sustained response in approximately 80-

90 % of patients with genotype 2 or 3 but only 40-50 % in patients with genotype 1. Following 

evidence that the treatment of mild disease is cost effective 47 there has been a recent change in UK 

national guidelines to extend antiviral therapy to individuals with mild disease. 

NAFLD 

The link between liver disease and the metabolic syndrome, previously known as syndrome 

X, has become more clearly established over recent years. The metabolic syndrome is characterised 

by insulin resistance, obesity, hyperlipidemia and hypertension. 

Non-alcoholic fatty liver disease (NAFLD) is emerging as one of the commonest causes of 

abnormal liver function tests and in the western world the estimated prevalence is reported to be as 

high as 30 % 3. The prevalence ofNAFLD is expected to rise in developed countries given the 

epidemic of its major underlying determinant obesity, in addition to the increasing ascertainment of 

this condition. Histologically and clinically NAFLD is a spectrum of disease from simple fatty 

deposition (steatosis), to necroinflammation in zone 3 in association with ballooning degeneration 

(non-alcoholic steatohepatitis (NASH)), to periportal and/or perisinusoidal fibrosis before 

eventually developing cirrhosis. The natural history is varied, some progress at varying rates to 
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cirrhosis, some remain stable at the same histological stage and grade and some have regression of 

disease or exist in variations of the above eg isolated portal fibrosis. The true incidence of cirrhosis 

related to NAFLD is difficult to know precisely because of the indolent and asymptomatic nature 

of the disease. Moreover, with advancing disease the steatosis is replaced by fibrotic tissue and 

therefore there may be few clues ofNAFLD histologically. It is thought that a significant 

proportion of patients provisionally diagnosed with cryptogenic cirrhosis have underlying NAFLD. 

This is evidenced by studies showing a greater incidence of diabetes and obesity in cryptogenic 

cirrhosis compared to cirrhosis of other causes 48-50. 

The exact pathophysiological mechanisms ofNAFLD are incompletely understood. Insulin 

resistance and hepatic steatosis are thought to be significant independent factors; in addition they 

both have a deleterious effect on each other. Triglyceride accumulation is thought to result from 

excess free fatty acid influx into the liver. The "second hit" may come from a variety of sources, 

including oxidative stress, endotoxins and cytokines, and leads to necroinflammation. 

The production of hormones and cytokines from fat depots, termed adipokines, is also 

thought to have a role in the evolution of NASH. Individuals with NASH have been shown to have 

low levels of adiponectin and high levels of TNF - alpha 51. Whist TNF - alpha promotes insulin 

resistance and liver inflammation, adiponectin antagonises fatty acid oxidation and reduces the 

production and activity ofTNF-alpha. In addition, adiponectin is antifibrotic. The hormone leptin 

has been shown to be important in the development of fibrogenesis in animal models. The fibrotic 

response, absent in leptin deficient mice, becomes apparent once leptin is restored by exogenous 

injection 52. Higher serum leptin are also found in patients with NASH compared to controls 53 • 

Research continues into the pathogenic roles of the adipokines and how they interact in patients 

with NASH. 
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1.7 Clinical implications of cirrhosis 

Cirrhosis may progress insidiously without clinical signs or symptoms, giving rise to the 

term compensated cirrhosis. Compensated cirrhosis can continue for a variable length of time 

before the development of complications, hepatocellular carcinoma or hepatic failure. The 

appearance of these states is referred to as decompensated cirrhosis. As stated earlier in this 

chapter, quantifying the numbers of asymptomatic cirrhotics is difficult because of the bias of 

autopsy studies and lack of non-invasive diagnostic tools. To illustrate the spectrum of clinical 

complications of cirrhosis some examples are discussed below. 

Portal Hypertension 

Portal hypertension is defined by an elevated portal pressure greater than the normal value of 

1-5 mm Hg. In general, portal pressure becomes clinically significant above a level of 12 mm Hg. 

The major complications of portal hypertension include ascites, gastrointestinal haemorrhage and 

renal dysfunction. Of these, gastrointestinal haemorrhage is the most dramatic and occurs 

frequently. Prospective studies suggest that 90 % of patients with cirrhosis will develop 

oesophageal varices and a third of these will bleed 54. Furthermore, gastrointestinal haemorrhage 

has been reported to carry a short term mortality rate as high as 50 %, in the group with most 

severe liver dysfunction 55. 

Hypersplenism 

This occurs in the context of portal hypertension and results in a variable pancytopenia with 

sequestration of red blood cells, white blood cells and platelets in the splenic tissues. This will 

affect oxygen delivery, coagulation and the immune response. 

Renal Dysfunction 

In cirrhosis there is abnormal renal handling of sodium and this in combination with 

abnormal haemodynamics results in a spectrum of disease culminating in hepatorenal syndrome 
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(HRS). The progression to hepatorenal syndrome is associated with splanchnic vasodilatation, 

increased cardiac output, decreased peripheral resistance and renal vasoconstriction. Prognosis is 

dependent on the subtype ofHRS, as defined by the International Ascites Club56
, with Type 2 HRS 

developing more insidiously and associated with increased survival compared to Type 1. Treatment 

options include pharmacological intervention with albumin and vasopressors, TIPS, dialysis 

procedures and orthotopic liver transplantation (OLT). 

Hepatopulmonary Syndrome 

This is a disorder of pulmonary oxygenation occurring in the context of liver disease or 

portal hypertension. It is not exclusive to cirrhosis, but in this setting studies have shown· 

Hepatopulmonary syndrome (HPS) has a prevalence of 24 % and is an independent risk factor for 

mortality 57. The pathophysiology is thought to relate to nitric oxide production as evidenced by 

increased levels of endothelial nitric oxide synthetase (enos) and inducible nitric oxide synthetase 

(inos) 58;59. This may cause microvasular dilatation and contribute to intrapulmonary shunts with 

resultant hypoxaemia. Diagnosis involves the exclusion of other causes of cardiopulmonary disease 

and the demonstration of dependent hypoxaemia and pulmonary shunts using microbubble 

echocardiography. Hitherto, there have only been anecdotal, case reports or small uncontrolled 

trials of success with medical treatment. Orthotopic liver transplantation remains the only effective 

long term treatment 60;61, although HPS will also increase the anaesthetic risks associated with 

transplantation 

Cirrhotic cardiomyopathy 

The affect of alcohol and iron on cardiac function have long been recognised. More recently, 

there has been increasing evidence of the effect of cirrhosis per se on the myocardium and the term 

"cirrhotic cardiomyopathy" was described in 1989 by Lee 62. The features include abnormal 

baseline cardiac output, attenuated systolic contractility and diastolic relaxation in response to 

inotropic and chronotropic stimuli and the absence of florid left ventricular failure. There can be 

associated electrophysiological abnormalities such as repolarisation anomalies but morphological 

changes are often not pronounced. The exact pathophysiology is not completely understood but 
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possibilities include alterations in beta-adrenergic receptors, membrane function, calcium channels, 

nitric oxide and carbon monoxide 63. Orthotopic liver transplantation has been shown to improve 

this condition 64. 

Hepatocelluar carcinoma 

Cirrhosis remains the commonest cause for the development of hepatocellular carcinoma 

(HCC); it has been estimated that 80% of tumours occur in this setting 65. The aetiology and the 

global location of disease are important determinants of the risk of cirrhosis progressing to HCC. 

For example, the annual risk of developing HCC in patients with HCV is estimated to be between 

3-8 % 66. The 5 year cumulative incidence ofHCC on the background ofHCV is reported to be as 

high as 30 % in Japan compared to 17 % in the west. Comparing aetiologies, the rates decrease in 

the following order: Haemachromatosis, hepatitis B infection, alcohol and biliary disease 67. 

Interestingly, HCC is an uncommon complication of autoimmune hepatitis 68. Regardless of 

aetiology independent risk factors for HCC include gender, age, severity of compensated cirrhosis 

at presentation and sustained activity ofliver disease 69. 

Encephalopathy 

Hepatic encephalopathy on the background of cirrhosis can occur in a sub-clinical, acute or 

chronic setting. The prevalence sub-clinical encephalopathy (SCE) in patients with cirrhosis has 

reached 84 % in some studies 70. As there may be no compromise in routine daily life, SCE may 

only come to light upon psychometric testing using number connection tests, block reception tests 

and reaction times. Acute hepatic encephalopathy can be precipitated by sepsis, sedatives, 

dehydration, haemorrhage, etc. but it may also occur with no obvious precipitants in the presence 

of terminal liver failure. Chronic encephalopathy is usually due to the formation of porto-systemic 

shunts, as part of the disease or iatrogenically as a consequence of trans jugular intrahepatic porto

systemic shunt (TIPS) insertion. 
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Nutrition 

Cirrhosis is a catabolic state and in combination with dietary insufficiency leads to 

significant malnourishment. Additionally, malabsorption, hypermetabolism and resistance to 

growth factors such as insulin and growth factor contributes to the pathophysiology In hospitalised 

patients with liver disease the prevalence of malnourishment is estimated to be as high as 20 % in 

compensated disease rising to 60 % with severe liver insufficiency 71. Studies have shown that 

nourishment, measured by parameters such as skin fold thickness and midarm muscle 

circumference is an independent predictor of survival at two years 72. 

Measures of anthropometry, such as skin-fold thickness, may be distorted by fluid retention 

and occur late in malnutrition. Thus, there has been interest in finding accurate tools for assessing 

nutritional status. This has led to the creation of measures such as subjective global assessment tool 

(SGA), prognostic nutritional index (PNI) and hand grip strength (HGS). A recent study found that 

the prevalence of malnutrition was 63 % in patients with Childs A cirrhosis using HGS, compared 

to a prevalence of 28 % and 19 % detected by SGA and PNI respectively 73. 

Sepsis 

It has been estimated that the incidence of sepsis in cirrhosis is 30 to 50 % of hospital 

admissions 74. Once sepsis has developed there is a higher rate of mortality, up to 30 %, and this is 

independent from the severity ofliver disease 75;76. 

There are a number of reasons for increased susceptibility to sepsis in this group. Bacterial 

translocation (BT) represents the migration of bacteria or their products from the intestinal lumen 

to mesenteric lymph nodes. BT has been shown to be significantly increased in patients with Childs 

C cirrhosis compared to the less severe Childs' stages 77. Moreover, the amount of antigen load 

may not only increase but changes of immunity, within the local lymph nodes and systemically, 

will also determine ifthere is progression to sepsis. Studies have shown a reduced phagocytic and 

killing capacity of the immune system 78;79 and reduced opsonisation relating to low complement 

levels in ascites 80. 
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1.8 Diagnosis of liver fibrosis and cirrhosis 

Simple clinical, haematological and biochemical parameters may only alter once severe 

disease has been established. Even in the presence of established cirrhosis, these parameters can 

remain unchanged. For example, although usually elevated in cirrhosis, both AST and AL T can be 

normal in up to 10 and 35 % cases respectively 81. The addition of radiology can improve the 

detection of cirrhosis, diagnostic accuracy rates of 80-90 % have been published using ultrasound 

82, but presently traditional imaging modalities are unable to detect fibrosis with acceptable 

diagnostic accuracy. 

Histology 

Histological analysis remains the "gold standard", and arguably from the purist definition, 

the only method of diagnosing cirrhosis. Various histological classifications exist for the grading of 

fibrosis and cirrhosis including Sheuer, Ishak and Metavir (see appendix 1); the majority of scores 

were originally validated for hepatitis C. 

The method for obtaining a liver biopsy can vary from the blind versus image guided 

transabdominal approach, transjugular approach, laparoscopic approach and open approach at 

operation or post-mortem. The choice of route will depend on factors such as body habitus, clotting 

abnormalities, the presence of ascites, available expertise and the quantity of specimen required. 

The biopsy provides information in three major areas. Firstly, it can elucidate aetiology eg 

marked accumulation of iron in the hepatic parenchyma suggests haemachromatosis whereas 

biliary duct damage associated with granulomas raises the suspicion of primary biliary cirrhosis. 

Secondly, it provides information on underlying pathological processes eg steatosis, 

necroinflammation and fibrosis and stages the severity of disease eg the presence of cirrhosis. 

Thirdly, it can also act a prognostic indicator. For example, in the context of hepatitis C, 

inflammation in the biopsy is suggestive of future fibrosis 83. 

The liver biopsy has been useful in providing information on the natural history of the 

progression of fibrosis. Yano et al performed a longitudinal study on 70 patients with chronic 
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hepatitis C 84. The patients had between two to ten liver biopsies between 1 to 26 years (mean 9 

years). Fibrosis at the initial biopsy (index biopsy) was divided into three stages, A (none/mild), B 

(moderate) and C (severe). The progression to cirrhosis is depicted in figure 1.3 below and 

demonstrates that increased fibrosis at the index biopsy increases the rate of progression and 

provides evidence that the evolution of fibrosis to cirrhosis may not occur in a linear fashion. 

Figure 1-3: Progression of fibrosis to cirrhosis (Yano et al) 
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Liver biopsy does have its limitations and some have questioned whether it truly represents a 

"gold standard" reference test. In large studies of patients undergoing biopsy pain has been 

reported in 20 % and severe complications reported in 0.57 % 85 • Sampling error exists, which is 

unsurprising considering the average biopsy specimen represents 1150 OOOth of the organ. Studies 

have shown discordance rates of up to 30 % when right and left lobes are sampled at 

laparascopically, even in homogenously distributed disease 86. Interpretation ofthe biopsy is open 

both to intra and inter observer error 87;88 . Finally, classification of histological scores into 

categorical variables may not truly reflect the dynamic progression and regression of fibrosis and 

the use of numerical scores can give a misleadin~ picture of fibrosis progression. 

The biopsy offers a wealth of information but for the measure of fibrosis , in the individual 

and population, better tools may be required. 
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Imaging techniques 

Ultrasound 

Ultrasound is a relatively non-invasive method of assessing the size, texture, vascular 

patency and for detecting space occupying lesions in the liver. The former parameters may change 

in cirrhosis, but unfortunately are not specific to the condition. The cirrhotic liver may be enlarged 

(eg non-alcoholic steatohepatitis), normal or reduced in size. The echo pattern of the liver is 

frequently described as coarse (increased irregular echogenicity) in cirrhosis but can alternatively 

the cirrhotic liver may be small and nodular. Interpretation ofthese findings is subjective and 

conditions such as fatty infiltration, granulomatous disease and diffuse malignant infiltration can 

produce a similar textural appearance. Ultrasound is able to detect certain complications of 

cirrhosis eg ascites and splenomegaly. 

Doppler ultrasound provides a technique to measure blood flow in the portal vein, hepatic 

artery and hepatic veins. It measures the frequency differences between the ultrasound signal 

emitted from the transducer and returned from the vessel to generate direction and velocity of flow. 

The major vascular changes seen in cirrhosis reflect underling portal hypertension. They include 

reversal of portal vein blood from hepatopetal to hepatofugal, flattening of the doppler waveform in 

hepatic veins and enlargement of the portal vein to greater than 15 mm. 

Ultrasound has a further role in detecting the development of hepatocellular carcinoma on the 

background of cirrhosis. Isolated nodules, larger than 2 cm are detected with a good sensitivity but 

a lower specificity. In combination with an elevated alpha-fetoprotein the presence ofHCC can be 

suspected. The performance of ultrasound in the presence of diffuse malignancy is poor. 

Computed Tomography (CT) 

CT also has a role in assessing parenchymal disease in cirrhosis. The density of liver 

parenchyma is usually within the normal range but can vary depending on aetiology; eg increases 

in haemachromatosis and decrease in fatty infiltration. The advantage of CT is that is provides 
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cross sectional anatomy. With the advent of multi slice CT scanning detailed information about 

space occupying lesions can be gleaned. Furthermore, the addition of contrast agents such as 

lipiodal may improve detection ofHCC. Helical CT can also utilise vascular anomalies of lesions 

by obtaining images in the arterial or portal phase. For example HCC typically will have a brisk 

enhancement during the arterial phase but appears hypodense during the portal phase. Direct 

catheterisation of the superior mesenteric artery and hepatic artery can also be used in combination 

with CT to improve diagnostic accuracy. Therefore, CT in isolation or combination with 

arteriography is able to provide a "road map", highlighting the blood supply oflesions or vascular 

anomalies that occur in the context of cirrhosis. The role of CT in diagnosing fibrosis is yet to be 

established and one obstacle for its widespread use may be the associated radiation exposure. The 

rapidly evolving technology and reduced acquisition times associated with multi slice CT may 

address some of these issues. 

MRI 

This modality represents an emerging tool in liver disease. Dramatic and remarkably clear 

images of cirrhosis can be obtained in advanced disease. There is evidence for the use ofMRI in 

assessing hepatic iron concentration 89 and differentiating small benign nodules and HCC 90. 

Injection of resovist may help distinguish lesions of focal nodular hyperplasia and HCC. MRI 

spectroscopy is currently an experimental tool but may yet emerge to provide a measure of 

metabolic changes within the liver. 

1.9 The role of biomarkers in the assessment of liver fibrosis 

As discussed above liver fibrosis is a result of chronic injury to the liver and the progression 

to cirrhosis is associated with changes in a number of key functions of the liver; Figure 1.4 

represents a simplified summary. Finding biomarkers that assess liver fibrosis could be derived 

from a number of broad areas and the boxes in red represent examples of this. Host factors which 

interact with the insult will determine if and how quickly fibrosis will progress (eg age, sex and 

genetic polymorphisms). Other potential sources of biomarkers are measures of pathological 
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processes preceding fibrosis (eg AL T as a measure of necroinflammation). Directly measuring 

structural alterations associated with fibrosis (eg collagen turnover products measured by serum 

markers or imaging techniques such e.g. ultrasound, computerised tomography, etc) is analogous to 

histological assessment. Finally, biomarkers measuring the functional consequence of fibrosis (eg 

reduced clotting and albumin) will be of clinical relevance for the planning of intervention such as 

liver transplantation. 

Figure 1-4: Simplified summary ofthe causes and consequences of liver fibrosis and potential 
areas of biomarker development. 
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Chapter 2 : Systematic review of panel markers to assess 
fibrosis in chronic hepatitis C 

Background 

The diagnosis of liver fibrosis in chronic hepatitis C is of importance for a number of 

reasons. It will identify patients who are in greatest need of treatment and influence the timing of 

treatment. Furthermore, the diagnosis of severe fibrosis/cirrhosis will have implications on duration 

of therapy, future therapeutic strategies and the surveillance of the complications of cirrhosis. 

Historically, the liver biopsy has been prerequisite for the initiation of antiviral therapy in the UK. 

Recent NICE guidelines 91 do allow the initiation of therapy without a liver biopsy but there are 

still arguments, as outlined above, for why an assessment of underlying fibrosis may be important. 

Initial non-invasive diagnostic tests in assessing fibrosis in chronic hepatitis C (CHC) largely 

measured single variables. A systematic review by Gebo et al 92 however suggested that panel 

markers showed the most promise in CHC. Panel markers consist of multiple single components, 

each found to be significant initially at univariate and subsequently multivariate analysis, which are 

often combined together in a mathematical algorithm. To build on the findings by Gebo et al a 

systematic review was performed exclusively on panel markers in CHC. 

2.1 Methods 

A systematic literature search was performed to ascertain the performance of panels of surrogate 

markers of fibrosis in Hepatitis C. Sources searched included: 

• Electronic databases 1985 - October 2004: Cochrane Library 2004 MEDLINE, EMBASE 

using a search strategy derived from the literature 93;94 (see appendix 2). 

• Relevant websites: American Association for the Study of the Liver, European Association 

for the Study of the Liver and Digestive Disease Week for conference proceedings or 

abstracts (2002-2004). 

• Reference lists from relevant articles. 
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Inclusion criteria 

Studies were included if; 

• they evaluated panels of ~ serum markers 

• allowed extraction of data for interferon naive patients with CHC 

• were written in English 

• were systematic reviews, meta-analyses or studies of diagnostic tests 

• they used liver biopsy as a reference standard. 

• they included >30 participants (as smaller studies will be underpowered to produce precise 

estimates oftest performance and would be more likely to produce zero denominator 

effects in 2x2 table). 

A serum marker was defmed as any measure that could be derived from a blood sample. 

Studies identified by the search strategy were assessed for inclusion by two reviewers (NG, 

JP). 

Exclusion criteria 

Studies were excluded if; 

• data on hepatitis C were not separately extractable 

• study did not produce a composite score 

Data extraction strategy 

Data extraction was undertaken by one reviewer (NG) and checked by a second reviewer 

(JP) with any disagreements being resolved through discussion. A third reviewer was consulted 

(PR) to resolve persisting issues. Information collected included patient demographics, test assay 

details, background prevalence of fibrosis severity, risk factors, histological parameters, statistical 

methods used, and test performance characteristics. 
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Quality assessment strategy 

The quality of included studies was assessed using the quality assessment of diagnostic 

accuracy studies (QADAS) tool 95. (Appendix 3) 

Data analysis/synthesis 

Data are presented with full tabulation of results of included studies. Where data were 

available, 2x2 tables were constructed to derive sensitivity, specificity, predictive values, likelihood 

ratios (LR) and diagnostic odds ratios (DOR) at each threshold value. Accepted levels for robust 

tests are - LR = <0.1, and +LR = > 10, >5 and <0.2 give strong diagnostic evidence. For DOR 

reasonable test performances would be >30 96
. The percentage of patients in each study to which 

the different thresholds could be applied were derived where possible. The methodology used by 

investigators to create the various diagnostic algorithms is shown in table 2.4. We evaluated the 

performance of tests at thresholds which produced clinically useful predictive values with 

acceptable false negative and positive rates, based on local clinical opinion (NPV ;;:95% PPV 

;;:90%) as there are is no consensus on robust predictive values for the diagnosis ofliver fibrosis. 

Using this method we calculated how many liver biopsies could be avoided appropriately, with 

patients below NPV of <95% assumed to have no significant fibrosis and patients with PPV >90% 

assumed to have significant fibrosis. The performance of tests was calculated for different fibrosis 

stages- early versus moderate/severe fibrosis (FOIF1 vs F2IF3IF4) and also for cirrhosis or no 

cirrhosis (FOIF1IF2IF3/vs F4). 

2.2 Results 

The electronic search yielded 2,766 abstracts which were read in full. 25 full papers were 

retrieved of which 9 were excluded leaving 14 studies in separate populations to be included in the 

review (see Table 2.1). Reasons for exclusion were; 

• single markers 

• less than 30 participants 

• no reference test 

4 papers 

4 papers 

1 paper 
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In addition two reviews were identified; a systematic review of all serum markers and an 

overview of two markers (Fibrotest and Actitest) 97;98. All relevant studies reported in these reviews 

have been included in this review. Primary data from several studies presented in the 

Fibrotest/ Actitest review but not reported elsewhere were utilised in the review. 

Many of the studies reported> 1 0 /14 of the QUADAS criteria, with homogeneity of criteria 

met or unmet (see appendix 4). Ten different panels of serum markers were reported. Ten studies 

reported sufficient information to derive sensitivity, specificity, predictive values, DOR and LR at 

specific cut-offs. Patient characteristics varied between studies, median age was 44.5 years (range 

39-47 yrs), and the median proportion of male subjects was 64% (range 45-71 %). Four studies 

presented eRe risk factors. The proportion with moderate/severe fibrosis (F2 F3 F4) was 43% 

(median) with a range of 17 -80%. The fibrosis staging systems used to classify the histology 

varied, Metavir (7), Scheuer (4), Ishak (1), Knodell (1), Desmet,(I) and local scoring system (1). 

Quality of liver biopsy as assessed by number of portal tracts, and length of biopsy was reported in 

7 studies, with 3 having both these criteria. Study design was similar in most studies, with paired 

histology and serum samples on individual patients with untreated eRe being analysed 

retrospectively from an existing cohort (n=7), or prospectively recruited (n=8) and then analysed at 

a single point in an individual's illness. In 6 studies recruitment was consecutive. 11 studies 

presented data validated in a different group of patients than the training set including five studies 

of patients recruited at the same centre as the training cohort (internal validation) and six studies 

that recruited subjects at a different centre (external validation) 
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Table 2-1: Characteristics of studies evaluating the performance of panels of serum markers of liver fibrosis: FOIl vs F2/3/4 

Author Total Serum marker tests Test used Validity Patient Age % % % Liver Biopsy 
Year Patients in panel to sample selection mean male severe IOU biopsy Mean 
Country in study compare (n) (yrs) Fibro- scoring Length(L) 
(n centres) sis system Portal 

Tracts (PT) 
Observers 
(0) 

Imbert- 339 AST,ALT, nlr Training set *DOSVIRC 47 58 40 nlr Metavir >IOmm(L) 
Bismut albumin, Ci 1 (n=205) cohort 
(2001)99 globulin, (3 nls (PT) 

globulin, y globulin, Internal Prospective 
France bilirubin, GGT,Ci 2 validation recruitment 1 (0) 
(1) macroglobulin, set (n=134) 

haptoglobulin, 
apolipoprotein A I. 
Combinations 10, 6, 
&5 markers 

Rossi 125 bilirubin, GGT,Ci 2 nlr Whole study Consecutive 40 66 38 nlr Metavir nls (L) 
(2003)1()() macroglobulin, = external prospective 

haptoglobulin, validation of recruitment nls (PT) 
Australia apolipoprotein Al test 
(1) corrected for age 1 (0) 

and sex.(Fibrotest) 

-~ 
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Poynard 352 FT -AT (Fibrotest + Fibrotest Whole study FromRCT 45 64 17 nlr Metavir 17mm(L) 
(2003)101 ALT) = external treatment & >6mmin 

validation of (n=1530) Knodell 89 % (PT) 
Europe test 
Argentina Retrospective 1(0) 
Canada recruitment 
USA 
(62) 
Wai 270 AST: platelet ratio nlr Training set Treatment 46 64 64 41 Ishak nls (L) 
(2003)\02 (APRI) (n=192) naive 

Internal Retrospective nls (PT) 
USA validation recruitment 
(I) set (n=78) 1(0) 
LeCalvez 323 AST: platelet ratio Fibrotest Whole study *DOSVIRC nlr nlr 41 nlr Metavir >IOmm 
(2004)103 (APRI) = external cohort (L) 

validation of 
France test Retrospective nls (PT) 
(I) recruitment 

nls (0) 
Foms 476 Age,GGT, nlr Training set Consecutive 39 64 25 nlr Sheuer nls (L) 
(2002)104 cholesterol, (n=35 I) prospective >6 (PT) 

platelets, Internal recruitment 1(0) 
Spain validation 
(I) set (n=125) 
Thabut 249 F oms index score Fibrotest Whole study *DOSVIRC nlr nlr 38 nlr Metavir >IOmm 
(2004)105 = external cohort (L) 

validation of Retrospecti vre nls (PT) 
France test cruitment nls (0) 
(I) 

- '----~ 
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Sud 302 Fibrosis probability APRI Training set Consecutive 41 56 54 61 Sheuer nls (L) 
(2004)106 index =age, AST, Wai (n=176) Prospective nls (PT) 

HOMA-IR (fast Internal recruitment nls (0) 
glucose x plasma validation patients 
glue/22.5), total set (n=126) baving biopsy 

Australia cholesterol, past without 
(2) etoh consumption. cirrhosis 
Leroy 388 PIIlNPIMMP- PIIlNP Training set Consecutive 43 64 45 40 Metavir 19mm(L) 
(2004)107 IIHAlMMP- HA (n=194) prospective 14 (PT) 

2/MMP-9ffIMP- controls(n=1 recruitment 1(0) 
France IITIMP-2 94) 
(I) 
E1 109 Platelets, MMP-9, nlr Training set CHC patients 47 71 80 nlr Local nls (L) 
Shorbai portal vein (n=109) from general scoring nls (PT) 
(2004)1 diameter, splenic population system nls (0) 

longitudinal axis, screening 
Egypt ALT, AST, viral 
(1) load. 

Patel 696 HA, TIMP-I, a2 HA Training set Retrospective 45 69 51 nlr Metavir 13 mm (L) 
(2004)109 macroglobulin TIMPI, (n=294) selection made >5 (PT) 

ci2. External on equal 1(0) 
USA macroglob validation numbers FO-
France ulin set (n=492) F4 
(4) 

Rosenberg 3 marker panel- nlr Training set Prospective 44 63 27 nlr Sheuer 
(2004)110 325 (n=I64) recruitment >12 mm (L) 

age, HA, PIIlNP, External >5 (PT) 
Europe TIMP-l. validation 1(0) 
(13) set (n=26 I) 

-- ~~- --
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Table 2-2: Characteristics of studies evaluating the performance of panels of serum markers of liver fIbrosis: FO/1I2/3 vs F4 

Author Total Serum marker tests Test used Validity Patient Age % % % Liver Biopsy 
Year Patients in panel to compare sample selection mean male severe IOU biopsy Mean Length 
Country in study (n) (yrs) Fibro- scoring (L) 
(n centres) sis system Portal 

Tracts (PT) 
Observers 
(0) 

Kau! 264 Probability model- nlr Training Retrospective nlr 45 61 33 Sheuer nls (L) 
2002 Platelets, AST, sex, set (264) recruitment nls (PT) 

spider naevi. External 1(0) 
USA validation 
(2) set (102) 
Fortunato 103 F ibronectin, nlr Training Prospective nlr nlr nlr nlr Desmet nls (L) 
(2001)112 prothrombin, set (63) recruitment nls (PT) 
Italy (I) pseudocholine~era Internal >2(0) 

se,ALT, validation 
manganese set (40) 
superoxide 
dismutase N-acetyl 
{3-
glucosaminidase. 
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Table 2-3: Results of studies evaluating the performance of panels of serum markers of liver fibrosis FOIl vs F2/3/4 

Study and year Cutoff Cumulative Sensitivity Specificity PPV NPV +VELR -VELR AVC 
i of publication levels % 

reported 

FffiROTEST T V T V T V T V T V T V T V T V 
I 

Imbert- 0.1 16 12 97 100 24 22 44 51 93 100 1.3 1.3 0.1 0 
0.87 I Bismut(200 I) 0.3 48 39 79 87 65 59 58 63 84 85 2.3 2.1 0.3 0.2 0.84 

0.6 77 66 51 70 94 95 84 91 76 80 8.6 12.9 0.5 0.3 
*** 0.8 86 81 29 38 95 97 78 92 69 66 5.7 14.2 0.7 0.6 I 

Rossi (2003) 0.1 nla 21 nla 92 nla 29 nla 45 nla 85 nla 1.3 nla 0.3 
I 0.2 nla 38 nla 83 nla 52 nla 52 nla 83 nla 1.7 nla 0.3 

0.3 nla 47 nla 75 nla 61 nla 54 nla 80 nla 1.9 nla 0.4 
0.4 nla 61 nla 67 nla 78 nla 65 nla 79 nla 3 nla 0.4 

I 

0.5 nla 69 nla 56 nla 85 nla 70 nla 76 nla 3.6 nla 0.5 nla 0.74 
0.6 nla 80 nla 42 nla 94 nla 78 nla 72 nla 6.4 nla 0.6 
0.7 nla 82 nla 35 nla 94 nla 77 nla 70 nla 5.4 nla 0.7 
0.8 nla 89 nla 22 nla 96 nla 79 nla 66 nla 5.8 nla 0.8 
0.9 nla 95 nla 8 nla 97 nla 57 nla 63 nla 3.2 nla 0.9 

Poynard (2003) 0.1 nla 6 nla 97 nla 80 nla 41 nla 81 nla l.l nla 0.4 
I ( Before 0.3 nla 33 nla 86 nla 45 nla 50 nla 83 nla 1.6 nla 0.3 nla 0.73 

Treatment) 0.6 nla 67 nla 50 nla 79 nla 61 nla 71 nla 2.4 nla 0.6 
0.8 nla 89 nla 20 nla 95 nla 72 nla 65 nla 3.9 nla 0.8 

i -
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APR! 

Wai(2003) 0.5 29 nla 91 nla 47 nla 61 nla 86 nla 1.7 nla 0.2 nla 0.8 0.89 
I.5 78 nla 41 nla 95 nla 88 nla 64 nla 8.2 nla 0.6 nla 

LeCa1vez 0.5 nla 41 nla 81 nla 56 nla 56 nla 81 nla 1.8 nla 0.3 
(2004) 1.0 nla 68 nla 54 nla 84 nla 70 nla 73 nla 3.3 nla 0.5 nla 0.74 
(APRIVAL) 1.5 nla 80 nla 36 nla 91 nla 73 nla 68 nla 4.1 nla 0.7 
*** 2 nla 87 nla 24 nla 95 nla 76 nla 65 nla 4.5 nla 0.8 

Sud_(2004) nlr nla nla nla nla nla nla nla nla nla nla nla nla nla nla nla 0.76 
FORNS 
FOlDS (2002) 4.2 36 39 94 94 45 51 35 40 96 96 1.7 1.9 0.1 0.1 0.86 0.81 

6.9 87 88 44 30 96 95 79 66 84 80 11.6 6.0 0.6 0.7 
Thabut (2004) I nla 2 nla I nla 4 nla 39 nla I nla I nla 0 
(FORNS VAL) 3 nla 16 nla I nla 26 nla 45 nla I nla 1.4 nla 0 nla 0.78 
*** 6 nla 70 nla 55 nla 86 nla 70 nla 75 nla 3.8 nla 0.5 

8 nla 91 nla 19 nla 97 nla 78 nla 66 nla 5.8 nla 0.8 

*** from comparative hepatology Poynard T. et aI 200418 
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Sud (2004) nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr 0.76 
(FORNS VAL) 
Sud (2004) 0.1 14 16 100 91 26 25 56 63 100 65 1.4 1.2 0 0.4 

0.2 24 29 96 85 43 48 61 70 93 69 1.7 1.6 0.1 0.3 
0.3 32 40 93 74 54 60 65 73 89 62 2 1.8 0.1 0.4 
0.4 42 48 87 68 69 69 72 76 85 60 2.8 2.2 0.2 0.5 
0.5 52 55 73 64 74 81 72 83 75 61 2.8 3.3 0.4 0.5 0.84 0.77 
0.6 57 60 58 58 83 85 76 84 68 58 3.4 3.8 0.5 0.5 
0.7 72 70 49 49 91 96 83 95 66 57 5.6 12.6 0.6 0.5 
0.8 76 75 43 42 94 98 87 97 64 54 6.6 21.8 0.6 0.6 
0.9 87 88 27 19 100 98 100 93 60 46 E 9.8 0.7 0.8 

Leroy (2004) 0.2 24 nla 91 nla 35 nla 55 nla 88 nla 1.5 nla 0.2 nla 
0.3 61 nla 65 nla 85 nla 76 nla 75 nla 4.3 nla 0.4 nla 0.82 nla 
0.4 82 nla 35 nla 96 nla 91 nla 65 nla 8.6 nla 0.7 nla 
0.5 93 nla 17 nla 99 nla 100 nla 60 nla 33.1 nla 0.8 nla 

EI Shorbagy 0-3 32 " nla 82 nla 80 nla 51 nla 95 nla 4.2 nla 0.2 nla 
2004 4-6 55 " nla 69 nla 67 nla 77 nla 57 nla 2.1 nla 0.5 nla 0.8 nla 

6-9 17" nla 80 nla 97 nla 84 nla 96 nla 24 nla 0.2 nla 
Patel (2004) 0.36 41 47 83 77 66 73 72 76 79 75 2.4 2.9 0.3 0.3 
ELF 0.063 nla 95 nla 29 nla 28 nla 95 nla nla 
Rosenberg 0.067 nla 90 nla 31 nla 28 nla 92 nla nla 
(2004) 0.09 nla 85 nla 43 nla 30 nla 91 nla nla 

0.126 nla 80 nla 58 nla 35 nla 91 nla nla 0.77 
0.190 nla 63 nla 80 nla 48 nla 89 nla nla 
0.219 nla 52 nla 85 nla 50 nla 86 nla nla 
0.268 nla 47 nla 90 nla 58 nla 86 nla nla 
0.426 nla 38 nla 95 nla 70 nla 84 nla nla 
0.564 nla 30 nla 99 nla 90 nla 83 nla nla 
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Table 2-4: Results of studies evaluating the performance of panels of surrogate markers of liver fibrosis FO/FIIF2/F3 vs F4 

Study and year of Cut off 
publication levels Sensitivity Specificity PPV NPV +VELR -VELR AVC 
(date of study) reported 
country 

Jno centres) 
FIBROTEST 

T V T V T V T V T V T V T V 

Imbert- <0.8 nlr nlr nlr nlr 85 nlr nlr nlr nlr nlr nlr 0.92 nlr 
Bismut(200 I) >0.8 90 

*** 
Poynard (2003) nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr 0.73 
APR! 
Wai <0.1 89 nlr 75 nlr 38 35 98 100 nlr nlr nlr nlr 0.89 0.94 

<0.2 57 nlr 93 nlr 57 65 93 95 nlr nlr nlr nlr 
LeCalvez nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr 0.80 
PIIINPMMPI 
Leroy 0.2 94 nlr 28 nlr nlr nlr 95 nlr nlr nlr nlr nlr 0.88 

0.3 85 nlr 74 nlr 43 nlr 95 nlr nlr nlr nlr nlr 
0.4 58 nlr 98 nlr 66 nlr 91 nlr nlr nlr nlr nlr 
0.5 26 nlr 97 nlr 77 nlr nlr nlr nlr nlr nlr 

EI Shorbagy nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr 0.80 
P1atlets/spidersl sex! 
AST 
Kaul nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr nlr 0.93 0.93 
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Table 2-5: Examples of methodology used to create the different panel markers. 

Panel Statistical analysis Final algorithm produced 
Marker Test used to create final 

algorithm 
Fibrotest Logistic regression Score: -5.540 + 4.467* log (alpha-2 macroglobulin) -

and artificial neural 1.357* loge haptoglobulin) + 1.017*log (GGT) +0.0281 * 
network (age) + 1. 1737*log (bilirubin)-1.184*(apo AI) + 

0.301 *sex(female =0, male=l) 
APRI Multivariate forward (ASTIULN)/ Platelets * 100 

logistic regression 
Forns Multivariate forward Score: 7.811-3.131.ln(platelet count) + O.78.ln(GGT) + 

stepwise logistic 3.467 .In(age)-O.O 14.( cholesterol) 
regresslOn 

HOMA-IR Multivariate forward Score: fasting glucose * (plasma glucose/22.5) 
logistic regression 

Fibrospect Logistic regression HA, TIMP-1 and alpha-2 macroglobulin- algorithm not 
and discriminant published 
function analysis. 

ELF Discriminant analysis Score: -6.38 - (In(age) *0. 14) + (In(HA)*0.616) + 
(In(p3NP)*0.586) + (In(TIMP1)*0.472). 

Results from studies differentiating (FO/Fl vs F2/F3/F4) 

For those studies presenting data on no/mild versus moderate/severe fibrosis, 10 studies 

presented data at several thresholds and had sufficient information to permit the derivation of true 

positive, true negative, false positive, and false negative (Table 2.3). The number of thresholds 

presented for each test varied. AVC for Receiver Operating Characteristic (ROC) curves were 

presented in 13/14 studies (Table 2.3). Median AVC for training sets was 0.81 (range 0.80 to 0.84), 

and for the validation sets 0.77 (0.73 to 0.90). Likelihood Ratios (LR) and diagnostic odds ratios 

(DOR) were derived for 10 studies. Negative LR ranged from 0.1 to 0.9 (- LR), and positive LR 

1.2 to 33.1 (+LR). DOR was 9.0 (median) with a range of5 to 27. The cumulative percentage of 

patients to whom the panel score was applicable at each cut-off is presented (Table 2.3). The 

proportion of people at thresholds where the PPV ~90% and NPV ~95% was 40% (training set), 

29% (validation set), overall 35% (median values ).Clearly this value will rise if one lowers the 

predictive values used. 

At each threshold tests perform with either high sensitivity with low specificity or vice-

versa. The summative DORs are all <10. Figure 2.1 shows the results of modelling where 



thresholds giving PPV of approximately 90% and NPV of approximately 95% are used in an 

attempt to avoid liver biopsy in a theoretical population of 1000 patients with CRC. The percentage 

of that population in whom the use of markers would generate a result meeting these criteria for 

accuracy, and the proportion of biopsies correctly and incorrectly avoided are presented. For 

example, in the study by Wai , 51 % of people had test results at these thresholds and would be able 

to avoid biopsies 102. However this would mean that of these 7% would be false negatives and 

would be cases with significant fibrosis that were not detected by the markers. 

'. '.:,., 

,~ ,> ,. \._"! : , I' 

45 



Figure 2-1: Performance of surrogate markers in theoretical cohort of 1000 patients in 
distinguishing FOil versus F2/3/4 

I D Correct • Incorrect 0 Inaccurate I 

100% 

80% 

60% 

40% 

20% 

IMBERT ROSSI POYNARD LEROY WAI LE CALVEZ FORNS THABUT SUD ELF 

Results from studies differentiating (FO/FlIF2/F3 vs F4) 

In studies that reported results for FO, 1, 2, 3 vs F4 (ie no cirrhosis versus cirrhosis) all of 

the surrogate markers performed at a higher level, with the AUe and sensitivity and specificity 

being greater at all thresholds (Table 2.4) 
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2.3 Discussion 

14 primary studies were identified evaluating the diagnostic performance of serum markers 

of liver fibrosis in eHe, using 10 different combinations of serum markers. Whilst all studies 

recruited patients from specialist clinics, there was variation between studies in population 

characteristics, prevalence of severe fibrosis, and methods of test validation. Most studies reported 

AVe in differentiating mild /no fibrosis and significant fibrosis with the median value in validation 

populations being 0.77. These values, in addition to corresponding LR and DOR, are not 

commensurate with high diagnostic accuracy. All tests showed improved performance in 

differentiating cirrhosis/no cirrhosis with median AVe in validation sets of 0.87. 

The findings of this systematic review can be applied in clinical practice to avoid biopsy 

using test threshold levels at illustrative predictive values identifying the presence or absence of 

significant fibrosis. At PPV 90% and NPV 95% tests were applicable to 35% of the study 

population. This figure can be increased by relaxing the probability of making correct assignment. 

This method of reporting test performance may be useful and help in the critical assessment of 

evidence by clinicians before using these markers in their practice. There is no consensus on what 

predictive values are acceptable to clinicians when assessing liver fibrosis. A PPV of 95 % and 

PPV 90 % were chosen as conservative thresholds following discussions with local clinicians. This 

issue of which thresholds should be chosen for clinical utility will be further explored in chapter 4. 

Heterogeneity between studies may be attributable to population differences e.g. alcohol 

consumption, prevalence of severe fibrosis or tests used. The prevalence of significant fibrosis (F2, 

F3, F4) varied between studies from 17-80% (median 40%). Predictive values of tests are affected 

by disease prevalence, leading to a lack of generalisability to individual practice where proportion 

of significant fibrosis differs from included studies. Therefore knowledge of the fibrosis prevalence 

is necessary to determine appropriateness of a test to individual clinical practice. It is possible some 

tests might perform better in low or high prevalence populations, for example, those with a high 

sensitivity across lower test scores, will perform best in low prevalence populations as the NPV 
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will be higher and the test is applicable to a significant part of the study population; the converse 

would apply in high prevalence populations. 

Most studies presented AVe as a measure oftest performance, with good values being as 

close to 1.0 as possible. The median AVe in validation cohorts was 0.77, suggesting that few tests 

are excellent. However, AVe has limitations and may not be the best way to present test 

performance 113;114. Whilst the panels included in this review almost all performed with good 

sensitivity and specificity at highest and lowest thresholds, the AVe does not adequately reflect the 

test performance at other thresholds where sensitivity and specificity are considerably lower. A 

misleadingly high value for the AVe may thus disguise the true diagnostic performance across all 

thresholds. Other diagnostic test evaluations have selected LR and DOR as better ways of 

evaluating and comparing tests and these measures may be more discriminating. A LR describes 

how many times more likely a person with the disease will receive a particular test result than a 

person without the disease. The median LR for panel serum markers was 8.2, with the majority 

falling outside the conventionally accepted "good" test range ( ;;::i 0). Some authors have suggested 

that the DOR is used 115. This describes the ratio of the odds of a positive test result in a patient with 

disease, compared to a patient without the disease (+ LRI-LR). A DOR of 1 suggests a test 

providing no diagnostic evidence, and a reasonable test may have DOR >30. DORs have been 

calculated for those studies that presented sufficient data, with the median DOR being 9 (range 5-

27). DORs are not easy to apply in clinical practice, but are useful in comparisons such as when 

combining results in a systematic review and are reasonably constant regardless of the diagnostic 

threshold. The ability to derive a DOR is dependent upon the presentation of sufficient data to 

construct a 2x2 table. 

Generally, methods of evaluating the quality of diagnostic tests are not as refined as those 

for therapy trials, with reporting of test evaluations similarly lagging behind 116. An algorithm for 

reporting diagnostic tests, similar to the eonsort statement for treatment trials, has been published

Standards for Reporting of Diagnostic Accuracy (STARD), and is gaining wider acceptance. This 

will contribute to the improvement of the quality of both the conduct and reporting of diagnostic 

evaluations 117;118. QVADAS was applied to assess quality and found most studies used blinded 
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outcome assessment, were explicit about patient selection and exclusions, and used an accepted 

reference standard, all of which have been cited as the most important criteria that impact on study 

quality 119. However, sources of potential bias were identified including the incomplete reporting of 

data (e.g. co-morbidity, alcohol consumption), and sensitivities and specificities at aU thresholds. 

Some studies used the same cohort both to derive and evaluate the performance of the markers or 

an internal validation cohort, (where patients were recruited from a group similar to the training 

cohort) both of which limit generalisability of the findings. A more rigorous methodology would be 

to derive the panel in one cohort and validate in several external populations or (most preferably) a 

reference population in which different tests could be tested and directly compared using a 

standardised reference test. 

Only studies with greater than thirty subjects were included in this systematic review. This 

is a potential limitation but there were a number of reasons for doing this. Firstly, smaller studies 

tend to be of lower methodological quality and their inclusion increases heterogeneity 120. Secondly 

and perhaps more importantly, in order to calculate statistics reflecting diagnostic accuracy, it is 

important not to have empty cells in the 2 X 2 tables and this is much more likely in studies with 

small numbers. Performing a meta-analysis by combining different panel tests is difficult because 

of the issues of heterogeneity, as discussed above. Multiple studies on the same test, eg Fibrotest, 

could be potentially combined using Summary Receiver Operator Curves (SROC), to give an 

overall diagnostic summary statistic. The major caveat of this analysis is the limitations that are 

applicable to the simple AVC would still apply to the SROC statistic. 

A fundamental methodological limitation in assessing non-invasive markers is the use of 

liver biopsy as a reference standard, and this may contribute to the moderate performance of these 

tests. In addition to the sampling error and observer variability raised in the introduction, there are 

difficulties in obtaining an adequate sample -some experts have suggested that 25mm in length, 

others that 11 portal tracts is optimum 87;121. Data on the discordant results between histology and 

one panel of markers has been explored with attribution of discordance to biopsy failure in 18 % 

cases, failure of markers in 2.4% and non-attributable in 8.2% cases l22 
• The authors concluded that 
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in many cases of differences it is the shortcomings of the biopsy that are responsible and this leads 

to an underestimation of the diagnostic performance of the serum markers. 

The lack of a universal scoring system of fibrosis adds to the difficulties in comparison 

between studies. Whichever score is used, the histological staging of liver fibrosis on biopsy is 

artificially represented as a quantitative categorical variable with a linear quantum progression in 

severity from 0 to 4 or 6. This does not accurately reflect the dynamic biological process of fibrosis 

and constrains the serum marker test performances that are capable of generating continuous 

variables. Fibrosis progression is likely to be non-linear, and there is not equal temporal 

progression between sequential stages. It is therefore important to consider how to improve the 

reference standard in liver disease, or the use of a different reference standard, such as clinical 

outcomes (mortality or serious morbidity). The expense of these diagnostic trials and length of time 

required to reach such clinical end-points are major disadvantages. 

',e:;.' " ~ '; , , ~ " 
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Chapter 3 : Systematic review of serum markers in 
assessing fibrosis in Non-alcoholic fatty liver disease. 

Background 

Non-invasive markers ofliver fibrosis have been most extensively studied in the context of 

hepatitis C. There has been considerable interest in extending this work into the field ofNAFLD 

because of awareness of increasing prevalence of disease. The presumptive diagnosis ofNAFLD is 

rapidly becoming the commonest cause for referral to hepatology out-patients clinics. Stratifying 

these patients for existing therapeutic intervention ,such as weight reduction, and potential 

pharmacological treatments via randomised clinical trials is dependent on making an assessment of 

the underlying severity of disease, in particular fibrosis. Moreover, recent long term studies suggest 

that the development of fibrosis within NAFLD has an important prognostic significance 123;124. A 

systematic review was performed to assess the performance of non-invasive markers to assess liver 

fibrosis in NAFLD. 

3.2 Methods 

A systematic literature search was performed to ascertain studies measuring fibrosis by non-

invasive markers in NAFLD. Sources searched included: 

• Electronic databases 1996 - October 2005: Cochrane Library 2005 MEDLINE, EMBASE 

using a search strategy (see appendix 5). 

• Reference lists from relevant articles. 

Inclusion criteria 

Studies were included if: 

• they were systematic reviews, meta-analyses or studies of diagnostic tests 

• they used liver biopsy as a reference standard. 
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• included >30 participants (as smaller studies will be underpowered to produce precise 

estimates of test performance). 

• alcohol consumption of subjects was stated. 

• reasonable attempt was made to exclude patients with other causes of liver disease eg 

alcohol and viral infections. 

Studies identified by the search strategy were assessed for inclusion by two reviewers (NG and 

JP). 

Exclusion criteria 

Studies were excluded if; 

• data on fibrosis stage(s) was not extractable 

• data were presented only in abstract form. 

Data extraction strategy 

Data extraction was undertaken by one reviewer (NG) and checked by a second reviewer 

(JP) with any disagreements being resolved through discussion. A third reviewer was consulted 

(PR) to resolve persisting issues. Information collected included patient demographics, test assay 

details, background prevalence of fibrosis severity, risk factors, histological parameters, statistical 

methods used, and test performance characteristics. Where data was available 2 x 2 contingency 

were constructed to determine diagnostic accuracy statistics (eg sensitivity, specificity and 

predictive values) or odds ratios presented as a measure of association. 

Quality assessment strategy 

The quality of included studies was assessed using a modified quality assessment of 

diagnostic accuracy studies (QADAS) tool (Appendix 3). 
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3.3 Results 

The electronic search yielded 1,781 abstracts which were read in full. 47 full papers were 

retrieved of which 18 were excluded leaving 29 studies in separate populations to be included in 

the review. Reasons for exclusion included: data on fibrosis stage was unavailable (n=1O), less than 

30 participants (n=5), test was not a panel marker (n=3). 

The demographics of patients included in the final analysis are shown in table 3.1. The 

prevalence of severe fibrosis (grade 3-4) ranged from 9 % to 43 % with a median of22.5%. The 

range of mean BMI in the studies was 26 to 60 (median 31); 5 studies recruited from patients 

undergoing bariatric surgery. The cut-off for alcohol consumption varied amongst studies but the 

majority excluded patients consuming> 200 g/week. Only 7 studies included details oflength of 

biopsy specimen or number of portal tracts. 

Three studies produced a diagnostic algorithm in association with specificities, 

sensitivities, predictive values and/or area under the receiving operator curve statistics (AUROC). 

The remaining studies investigated the association of individual variables with severe fibrosis vs. 

moderate fibrosis (17 studies), moderate fibrosis vs. mild fibrosis (4 studies), any fibrosis vs. no 

fibrosis (7 studies) and no fibrosis vs moderate fibrosis (1 study). Table 3.2 shows the variables 

positively associated with fibrosis. 
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Table 3-1: Characteristics of studies included in NAFLD review 

Study Author Total No. Patient selection Prevalence of : Age % BMI Etoh % diabetes Liver Non-invasive 
Year of Patients Steatosis (S) Mean male Mean biopsy variables 
publication Inflammation (median) (md) Score 
Date of Study (I) Length (L) 
Country Fibrosis (F) Portal tract 

(PT) 
Observers 
(0) 

Angulow 144 NAFLD on biopsy 73 % grade 2-3 (50.5) 33 31.2 <40 28% Modified Age 
and persistently (S) glweek diabetes Brunt AST/ALT 

Hepatology abnormal LFTs for >1 
1999 more than 3 months. 27% L (nls) ALT 
USA Prospective and significant PT (nls) Albumin 

retrospective fibrosis (F3/4) o (nls) Transferrin 
recruitment saturation 

Diabetes 
Rosenberg 'IU 61 NAFLD on biopsy 27% 44 63 nls nls nls Sheuer Age 

and abnormal LFTs significant HA 
Gastro for 6 months. fibrosis (F3/4) L (>12 PIIINP 
2004 mm) TIMP-1 
Europe Prospective PT (>5) 

recruitment 0(3) 
Sakugawa'LO 112 NAFLD on biopsy 63 % NASH 51 32 29 <30 gld 30% Modified Female 

43% diabetes Brunt Platelets 
WorldJ significant Albumin 
Gastro fibrosis (F3/4) L (nls) GGT,HA 
2005 PT (nls) AST/ALT 
Japan 0(2) 
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Albano lLI 167 NAFLD on biopsy. 44 % NASH 55 61 35 <20gld 29% Modified Age I 

(NAFLD 17 % diabetes Brunt AST/ALT >1 
Gut ) Case controlled: significant Diabetes 
2005 NAFLD vs controls fibrosis (F3/4) L (n/s) Malondialde 
UK 59 Prospective PT (n/s) hyde (MDA) 

(controls) consecutive 0(1) 
recruitment 

Mofradw 51 NAFLD on biopsy 72 % grade 2-3 53 31 29 <20 gld 57% Modified Diabetes 
with normal AL T (S) diabetes Brunt 

Hepatology 36 % severe 
2003 fibrosis (F3/4) L (n/s) 
USA PT (n/s) 

0(1) 
ShimadalL~ 81 NASH on biopsy 82 % grade 2/3 (54) 49 (26) <20 31 % Brunt Age 

(S) glweek diabetes Platelet 
Hepatology Prospective 100 % NASH L (n/s) count, 
Res recruitment 28 % severe PT (n/s) AST/ALT 
2002 fibrosis (F3/4) 0(1) > 1, Albumin, 
Japan Bilirubin, 

ferritin, 
platelets, 
IgA, PT, type 
IV collagen, 
raised lipids 

Dixonl3U 105 Patients undergoing 25 % NASH. 41 21 47 <200 18 % Brunt Male 
laparoscopic banding 10 % severe glweek diabetes Diabetes 

Gastro withBMI>35. fibrosis (F3/4) L (n/s) Hypertension 
2001 Prospective PT (>6) ALT 
Australia consecutive 0(1) C peptide 

recruitment 
-----
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Beymerl.H 48 BMI >35 undergoing 64 % grade 2/3 42 31 60 <20 19 % Ishak Diabetes 
gastric bypass (S) glmth diabetes 

Archives of surgery and liver 33 % NASH L (n/s) 
Surgery biopsy 12 % severe PT (n/s) 
2003 fibrosis (F3/4) 0(1) 
VSA Prospective 

consecutive 
recruitment 

BugianesilJl 167 Raised transaminases 47 % grade 2/3 41 83 28 <20 gld 8% Modified Age, female, 
(>6 months) and (S) diabetes Brunt BMI, 

Hepatology bright liver on VIS 21 % severe AST/ALT 
2004 andNAFLD on fibrosis (F3/4) L (n/s) Ferritin 
Italy biopsy. PT (n/s) OGIS, 

o (n/s) 1/QUICKl 
Prospective HOMA-IR 
recruitment 

DixonJjj 105 Patients with BMI 34 % NASH 42 26 >35 <200 n/s Brunt ALT 
>35 undergoing 14 % severe glweek HOMAIR 

JHep laparoscopic banding fibrosis (F 3/4) L (n/s) Polymorphis-
2003 and liver biopsy PT (>6) msm 
Australia 0(1) transforming 

Prospective growth 
recruitment (TGF) and 

anglO-
tensinogen 
(AT) 

Huiu4 109 Patients referred with 50 % grade 2/3 48 63 30 <40 32% Brunt Age 
(NAFLD) abnormal LFTS or (S) glweek diabetes in HOMA-IR 

Hepatology hepatic steatosis on 73 % NASH NAFLD L (n/s) 
2004 VIS and NAFLD on 

--
group PT (n/s) 
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Australia 82 biopsy. Controls 28% 0(1) 
(controls) matched by age and severe fibrosis 

BMI. (F3/4) 
Case controlled and 
prospective 

Guidorizzi Ij) 64 Patients with NAFLD 84 % NASH 45 78 28 <20 11% Brunt HOMA-IR 
on biopsy. 11 % severe g/day diabetes 

BurJ fibrosis (F3/4) L (n/s) 
GastrolHep Prospective PT (n/s) 
2005 recruitment 0(1) 
Brazil 
Suzukiuo 79 Patients with 25 % severe 46 38 33 <40 n/s Brunt Age 

abnormal LFTs for fibrosis (F3/4) g/week Serum 
Liver Int three months and L (>15 albumin 
2005 NAFLD on liver mm) Platelet 
USA biopsy PT (n/s) count 

0(1) Fasting 
Prospective and blood 
consecutive glucose 
recruitment Hyaluronic 

acid 
Clinical 
diagnostic 
score 

Angulo 137 88 Patients with 77 % grade 2-3 45 35 33 <140 19% Brunt Age 
abnormal LFTS, (S) g/week diabetes Female 

JHep NAFLD on biopsy 83 % NASH L(>15 BMI 
2004 and participants in 22 % severe mm) Diabetes 
USA previous trials. fibrosis (F3/4) 

-
_L....PT(nlsL Lepf ill ____ 
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0(1) QUICKI 
Retrospective HOMAIR 
recruitment 

Marchesini m 163 Patients with 74 % NASH 40 88 28 <140 Brunt Metabolic 
abnormal LFTS for 21 % severe glweek syndrome 

Hepatology three months and fibrosis (F3/4) L (n/s) 
2003 NAFLD on liver PT (n/s) 
Italy biopsy. o (n/s) 

Prospective 
consecutive 
recruitment 

Hashimoto !j!l 247 Patients with NAFLD 36 % severe (53) 53 67% <100 33 % Local score Age 
on liver biopsy fibrosis (F3/4) with glweek diabetes Sex 

Hep Research BMI AST/ALT 
2005 Prospective >28 Albumin, 
Japan recruitment Platelets 

Diabetes, 
hyaluronic 
acid and type 
N collagen. 

Ong 14U 212 Patients undergoing 24 % NASH 42 20 48 <10 24% Local score Waist to hip 
bariatric surgery with 8 % advanced glday diabetes ratio (WHR) 

Obesity Surg BMI >40 and obesity fibrosis L (n/s) AST 
2005 related complications. PT (n/s) ALT 
USA 0(1) Diabetes 
(24) Prospective HT 

recruitment 
Ledinghen 141 67 Chronically elevated 40 % NASH 47 67 26 <40 n/s Metavir BMI 

AL T for six months 31 % F2/3/4 glday AST 
~urJ and liver biopsy fibrosis L (n/s) ALT 
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GastrolHep PT (nls) Ferritin 
2004 Retrospective 0 (1) 

recruitment 

RatziuI 'JL 93 BMI >25, abnormal 30 % F2/3/4 49 34 29 30 g/d 16 % Metavir Age 
LFTS and NASH on fibrosis diabetes BMI 

Gastro - liver biopsy. L (nls) ALT 
2000 PT (nls) Diabetes 
France Retrospective 0 (1) Triglycerides 

consecutive 
recruitment 

Sorrentinol43 80 Undergoing liver 53 % grade 2/3 58 38 39 <30 45 % Brunt Female 
biopsy for operative (S) g/day diabetes BMI >45 

J Hep procedure( gall 73 % NASH L (>8 mm) Duration of 
2004 stones, large bowel or 23 % severe PT (nls) obesity 
Italy gastric cancer) + fibrosis (F3/4) 0 (2) Metabolic 

metabolic syndrome syndrome 
+ high grade obesity 
+ normal LFTS 

Prospective 
recruitment 

Crespo I 'J'J 181 Patients undergoing 72 % grade 2/3 nls 16 47 <30 g/d nls Modified Age at liver 
bariatric surgery and (S) Metavir biopsy 

Obesity liver biopsy 23 % F2/3/4 Elevated 
Surgery fibrosis L (nls) blood sugar 
2001 Prospective PT (nls) level 
Spain recruitment 0 (1) 

Fierbinteanu- 80 Abnormal LFTS and 26 % NASH _ 51 25 32 <200 nls ~a1 score_ Ag~ _ 
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Braticevici 1'1) fatty liver on VIS and glweek BMI >30 
undergoing liver L (n/s) ALT>3N 

RomJ Intern biopsy PT (n/s) Ferritin 
2002 0(1) Triglycerides 
Romania Retrospective (TG) 

recruitment MDA 
Glutathione 
(GSH) 

Loguericol'lO 305 Abnormal AL T for 68 % grade2/3 n/a 82 70% <20 gld n/s Local score Ferritin 
12 months and (S) were HOMAIR 

Dig Liver Dis NAFLD on liver Mod/severe >25 L (n/s) 
2004 biopsy pericellular PT (n/s) 
Italy fibrosis 0(3) 

Prospective 
recruitment 

Santosl47 30 BMI>25 + VIS Fibrosis present 45 60 31 <20 23 % Modified AST 
diagnosis of steatosis in 37 % glday diabetes Brunt Laminin 

Brazilian J + raised LFTs and HA 
Med undergoing liver L (n/s) Collagen IV 
2005 biopsy PT (n/s) 
Brazil o (n/s) 

Prospective 
recruitment 

y esilova I'I~ 51 Raised LFTS for six 60 % grade2/3 36 100 28 <20 0% Brunt HOMA-IR 
(NAFLD) months and NAFLD (S) glday diabetes Co enzyme 

AmJ Gastro on liver biopsy 88 % NASH L (n/s) QI0 
2005 30 10 % severe PT (n/s) Copper zinc 
Turkey (controls) Prospective fibrosis (F3/4) o (n/s) oxide 

recruitment dismutase 
_Koruk14Y 36 Steatosis on_VIS, 67 % Grade2/3 44 75 (29) absent 20% Modified Triglycerides 
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(NASH) abnormal LFTs for (S) diabetes Brunt LDL 
J Clin three months and 100 % NASH L (n/s) cholesterol 
Gastroenterol 32 NASH on liver 0% severe PT (n/s) Apoprotein 
2003 (controls) biopsy fibrosis (F3/4) o (n/s) Al (Apo AI) 
Hartleb lJU 47 Patients with NAFLD 50 % Grade 2/3 45 57 29 <120 13 % Local Age 

on liver biopsy and (S) glweek diabetes BMI 
Gastro Polska ALT> 1.5 ULN 65 % NASH L (n/s) Diabetes 
2005 20 % some PT (>5) Hypertension 

Retrospective study fibrosis 0(2) 
Chitturi lJ 94 NASH 70 % Grade 2/3 51 57 31 <20 gld 47% Modified None 

(S) diabetes Brunt 
Hepatology Prospective and 45 % 
2002 retrospective significant L (n/s) 
Australia fibrosis (F3/4) PT (n/s) 

0(1) 
BruneJ.l 30 Subjects in NASH 43 % grade1-4 45 46 34 <20 25 % Brunt and AST/ALT 

treatment trial. fibrosis glday diabetes Metavir ratio 
Human Path Albumin 
2004 Retrospective L (n/s) 
USA PT (n/s) 

0(1) 
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Table 3-2: Variables associated with fibrosis in NAFLD 

Category Variable 

Sociodemographic and anthropometric Age, Gender, BMI, waist to hip ratio (WHR) 

Simple liver biochemistry and haematology ALT, AST, AST/ALT ratio, platelets, 

bilirubin, ferritin, transferrin sat, albumin. 

Features of metabolic syndrome or glucose Diabetes, Hypertension, Homeostatic insulin 

sensitivity resistance (HOMA-IR), Oral glucose 

sensitivity index (OGIS), metabolic 

syndrome, raised triglycerides, Quantitiative 

insulin sensitivity check index (QUICKI), 

adiponectin, leptin, hyperlipidaemia 

Fibrosis markers Hyaluronic acid (HA), tissue inhibitor of 

metalloproteases 1 (TIMP 1), laminin, type 

N collagen, aminoterminal peptide of 

procollagen III (PIIINP). 

Miscellanous Malondialdehyde, C peptide, polymorphisms 

of transforming growth factor and 

angiotensinogen, IgA, glutathione, 

arachidonic acid, oxidised cardiolipin, Co 

enzyme Q and copper oxide dismutase. 

The presence or absence of the most common variables associated with fibrosis and figure 3.1 

represents the association of these variables with severe fibrosis vs moderate or none. 

The presentation of odds ratios (ORs) as a measure of association was variable across the 

studies. Some studies did not present any, others only presented univariate data, and a minority 

presented multivariate data but again in the latter there was variation in which factors were 

included in the final model. This is exemplified by the variable diabetes in distinguishing severe 
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fibrosis from moderate or no fibrosis, i.e. F3/4 versus FO/1/2 (figure 3.2). Ten studies suggested an 

association of diabetes with severe fibrosis (6 by UV A and 4 by MVA) however only half the 

studies published ORs for these associations. There was a wide confidence interval of ORs 

presented; in diabetes there was a range of point estimate ORs from 1.3 to 75. Furthermore, when 

the heterogeneous nature of the derivation populations are taken into consideration we did not feel 

meta-analysis of these data was appropriate. 

The three studies producing a panel marker diagnostic test with AVes and cut-offs with 

relevant specificities and sensitivities included the BAAT score, HA score and ELF score. Only 

one of these studies included a validation cohort and the number of patients in these studies is 

relatively small; two studies compared F3/4 vs FO/1/2 and the other compared F2/3/4 vs FO/I. The 

Ave ranged form 0.84 to 0.92, see table 3.3. 

Table 3-3: Panel marker tests in NAFLD 

TEST eOMPONENTSOFPANEL FIDROSIS TRAINING NUMBER AVe 
STAGE OR 

VALIDATION 
HA score Age >45, obesity, F3/4 vs Training 79 0.92 

AST/ALT ratio> 1, diabetes, FO/1/2 
Hyaluronic acid 

ELF score Age, hyaluronic acid, TIMP -1, F3/4 vs Validation 61 0.87 
PIIINP FO/1/2 

BAAT Age, BMI, ALT, serum F2/3/4 vs Training 93 0.84 
score triglycerides FOil 
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Figure 3-1: Variables associated with severe fibrosis 
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Figure 3-2: Forrest plot of strength of association of diabetes and severe fibrosis 
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3.3 Discussion 

This systematic review has shown the data on surrogate markers of liver fibrosis in 

NAFLD is heterogeneous. Very few studies were designed as traditional diagnostic studies and the 

majority have concentrated on finding statistical associations of variables with fibrosis to try and 

elucidate the mechanisms ofNAFLD rather than producing diagnostic algorithms. This is in 

contrast to hepatitis C in the previous chapter where ten distinct panel marker tests were found. As 

the identification of variables precedes formulation of an algorithm this suggests that non-invasive 

markers are generally at a more preliminary stage of development in the context ofNAFLD. Meta

analysis was not possible because of the diversity of variables studied and limited data presented in 

the studies. 

The variables most commonly positively associated with fibrosis are: presence of diabetes, 

increasing age, increased HOMA-IR, increased AST/ALT ratio, decreased platelets, hyaluronic 

acid and BMI; they all have biological plausibility. In NAFLD, age at biopsy is a reflection of 

probable duration of exposure (eg to obesity or insulin resistance) and there is emerging evidence 

that the fibrotic response per se may be more exaggerated with increasing age. A similar 

phenomenon is seen in the context of hepatitis C 30 and it has been subsequently postulated that this 

may reflect subclinical fibrosis or related to the senescence of hepatic cells mediating fibrogenesis. 

The variables diabetes, HOMA-IR, QUICK! and OGIS all reflect insulin resistance which has a 

fundamental role in the development and progression of fibrosis within NAFLD. The mechanisms 

include free fatty acid mobilisation, generation of reactive oxygen species and production of 

fibrogenic growth factors 153;154 • The high AST/ALT ratio has been shown to increase in a variety 

of diseases casing fibrosis and cirrhosis and this may be related to a reduced sinusoidal clearance of 

AST relative to ALT. Reduced platelets occur as a result of portal hypertension but also some 

chronic liver diseases may reduce the hormone thrombopoietin which stimulates platelet 

production. In NAFLD it appears to be a better indicator of severe fibrosis/cirrhosis rather than the 
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subtler stages of fibrosis. Finally hyaluronic acid may increase in fibrosis due to a mixture of 

increased collagen turnover and reduced hepatic clearance and this has been shown to increase in 

other aetiologies ofliver fibrosis such as alcohol, hepatitis B and hepatitis C 155-157. 

The three diagnostic tests that combined variables to produce a panel test resulted in AUCs 

ranging from 0.84 to 0.92. Results of independent validation of these algorithms will determine if 

they can be used across diverse populations. Furthermore, they all have reduced accuracy at mid

point thresholds and at extreme thresholds the cut-offs apply to a small proportion of population 

tested. Finally, two of the three panel tests used severe fibrosis (F3/4) as the diagnostic measure. 

One of the reasons why the field of non-invasive markers may lag behind hepatitis C is 

because of uncertainty of which end point to measure i.e. simple steatosis, NASH, fibrosis or a 

combination of these histological states. Although recent studies suggest fibrosis has the greatest 

implication on prognosis there is clearly a need to identify precursor states of disease. This will be 

important for targeting patients in the future who will get maximal benefit from early therapeutic 

intervention. The field is divided into studies attempting to distinguish stages of fibrosis, fibrosis 

from NASH and NASH form simple steatosis. The variables separating these different entities are 

similar (unpublished observations) but it is likely that they will be required to be combined in 

differing algorithms to maximise diagnostic accuracy. An interesting observation is that within 

fibrosis, many of the studies in NAFLD have focussed on separating FO/I/2 from F3/4 and there 

does not seem to be the diversity of end-points compared to hepatitis C. Whether this is because of 

differing biology of disease or the stage of development of non-invasive tests remains to be 

determined. 

A potential limitation of diagnostic reviews is publication bias. Indexing of such studies is 

problematic. A sensitive search strategy was used but it is likely some studies were missed 

especially those with non-significant results. Other limitations relate to the assessment of 

diagnostic accuracy. There is a clear balance between obtaining a diverse derivation popUlation that 

mirrors clinical practice and in whom the diagnostic uncertainty exists (ie to limit so called 

spectrum bias) to increase generalisability of a test and feasibility of choosing a study population 

on whom one can obtain liver biopsies. The studies included in this review do vary in recruitment 
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methods and patient characteristics but there is a degree of selection bias partly due to the 

requirement of a liver biopsy as the reference test. For example five out of 27 studies included 

patients undergoing bariatric surgery. Patients in theses studies had a greater BMI and increased 

prevalence of severe fibrosis. Many studies only included patients with abnormal LFTs, reflecting 

clinical referral pathways to hepatology. Overall the effect may be to find associations at the severe 

end of spectrum of disease and or within a restricted range of exposure 

Although, the studies appeared to perform well on the quality measure QUADAS 

(appendix 6) there were some general deficiencies. The reporting of size and quality of biopsy was 

poor. The variability of presentation of detailed statistical analysis such as ORs, with respective 

confidence intervals, makes it unclear how strong the associations are between variables and end-

points. Results of multivariate analysis will depend on what other factors are put in the model and 

often this was not stated in the papers. For example, insulin sensitivity is clearly important in 

NAFLD but it is unclear if a combination of variables eg diabetes, HOMA-IR, QUICKI and OGIS 

is required because they are additive or if there is a summary measure. 
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Overall conclusions from systematic reviews in NAFLD and 
chronic hepatitis C 

Both reviews provide an insight into the current literature for the non-invasive diagnosis of 

liver fibrosis in two of the major aetiologies ofliver disease. The reviews highlighted that in the 

field ofNAFLD non-invasive markers consist of single marker tests or variables. The number of 

true "diagnostic" tests that have been derived on a training population and tested on an 

independent validation population are relatively few compared to hepatitis C. The reasons for this 

are not entirely clear but there may be several explanations. The ascertainment of "index" cases of 

NAFLD is more difficult because of the lack of a clear diagnostic test. In CHC for example, the 

diagnosis is relatively clear cut; virus can be measured directly in the blood (using polymerase 

chain reaction method). In CHC there are less end-points of disease to measure, i.e. fibrosis and 

necroinflammation versus steatosis, steatohepatitis and fibrosis in NAFLD. Finally, there are clear 

pathways for the management of disease in CHC. This is not the case for NAFLD and currently 

there are no clear management algorithms for the different stages of disease. 

The serum markers have high diagnostic accuracy at the extreme thresholds. The 

performance of the serum markers is limited by the use of an "imperfect" gold standard thus 

creating an artificial glass ceiling. The overall summary statistic in diagnostic tests of the AUC is 

useful in comparing different tests but measures such as the diagnostic odds ratios may be more 

important in dissecting individual tests. This is of particular relevance in the diagnosis ofliver 

fibrosis where clinicians may only want to use the test at thresholds with high diagnostic accuracy 

because of the implication of missing disease or falsely assigning disease. The diagnostic end-

points of serum markers eg mild vs moderate/severe disease may be sufficient but this will be 

dependent on the specific disease. 

A number of questions arise from the previous chapters. Can the serum markers in their 

present form be used in clinical practice? Can existing algorithms be improved upon, and if so 

how? Can new markers be identified to increase diagnostic accuracy? The following chapters will 

attempt to address these questions. 
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Chapter 4 : Validating and exploring serum markers in 
NAFLD 

Background 

To further explore the role of serum panel markers in liver fibrosis non-alcoholic fatty 

liver disease (NAFLD) was chosen as the aetiology of disease. The major reason for choosing 

NAFLD was because of the finding in the systematic reviews that non-invasive markers were less 

developed in this area and many of the studies concentrated on severe fibrosis as an end point. 

Whilst this is undoubtedly important for prognosis, diagnosis of any fibrosis may be important at 

identifying individuals at earlier stage for active intervention; currently this may be only life style 

measures but in the future this is likely to involve pharmacological intervention. 

The Original European Liver fibrosis (OELF) is a panel marker and consists of age, Tissue 

inhibitor of metalloproteinase I (TIMP I), hyaluronic acid (HA) and aminoterminal peptide of pro-

collagen III (PIIINP) and was initially developed for a variety of liver aetiologies 110. The OELF 

panel in the discovery study performed very well in the NAFLD subgroup. A simplified version of 

OELF, which omits age from the algorithm, the Enhanced Liver fibrosis panel (ELF) has 

subsequently been shown to have equal diagnostic performance in other liver diseases (Parkes et aI, 

manuscript in preparation). The first aim was to validate the performance ofOELF and ELF in an 

independent cohort of exclusively NAFLD patients. 

The systematic review in NAFLD highlighted that "simple markers", i.e. solitary tests that 

are relatively cheap and are available in routine clinical practice, have a role in distinguishing 

severe fibrosis. The second aim was therefore to compare the performance of the ELF markers 

with simple markers in the same cohort and to test the hypothesis that a combination of markers 

would lead to an improvement in diagnostic performance. The final aim was to further explore the 

clinical utility model, developed in chapter 2, in the context ofNAFLD and to see what impact this 

could have on current clinical practice. 
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4.1 Methods 

Patients were recruited consecutively from two tertiary out-patient liver centres in the UK, 

Nottingham and Newcastle-upon-Tyne. The diagnosis ofNAFLD was based on the following 

criteria: 1) elevated aminotransferases (AST and/or AL T); 2) appropriate exclusion of liver disease 

of other etiology including alcohol or drug induced liver disease, autoimmune or viral hepatitis, 

cholestatic or metabolic/genetic liver disease. These other liver diseases were excluded using 

specific clinical, biochemical, radiographic and lor histological criteria. All patients had a negative 

history of ethanol consumption ofless than 140 g in women and 210 g in men. In the Newcastle 

center, alcohol levels in urine were measured randomly to rule out patients who abused alcohol. 

Patients included in this study were consecutive liver biopsies at the individual centers where the 

histology was consistent with NAFLD and serum samples were taken within three months of 

biopsy. The following clinical measurements were obtained: waist circumference, hip 

circumference and body mass index (BMI). Serum samples were obtained for routine liver 

chemistry (including alanine transaminase (AL T), gamma glutamyl transpeptidase, bilirubin, 

albumin, and alkaline phosphatase), full blood count, measures of insulin resistance (including 

fasting glucose, insulin and c peptide), ferritin, total cholesterol, HDL, LDL and triglycerides. 

Serum samples were analysed for levels ofTIMP-l, HA and PIINP at an independent reference 

laboratory (iQqur Limited, Southampton, UK- details of SOP for assay in appendix 9). Results 

were entered into an established algorithm 110 and expressed as a Discriminant scores (DS). 

Liver biopsy 

Liver biopsies were assessed by two hepatopathologists, one at each centre, blind to the 

serum marker test results. Biopsies were graded for fibrosis using a five stage classification system 

for fibrosis that has recently been published by NIDDK 158: stage 0= absence of fibrosis, stage 1 = 

perisinusoidal or portal, stage 2= perisinusoidal and portaVperiportal, stage 3= septal or bridging 

fibrosis and stage 4= cirrhosis. 
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Statistical analysis 

Discriminant scores were compared to histological staging of liver biopsies from 

corresponding patients and the sensitivity and specificity of the DS for detecting fibrosis was 

calculated. These results were then used to plot Receiver Operator Characteristic (ROC) curves and 

the Area Under the Curve (AUC) was calculated. Positive (pPV) and negative (NPV) predictive 

values for detecting different degrees of severity of fibrosis were also calculated. 

Validation ofOELF panel 

The OELF panel was validated in the cohort using the original algorithm and an adjusted 

algorithm not containing age. Three end points were chosen for the evaluation of fibrosis i) any 

fibrosis (stage (j versus 112/3/4) ii) moderate fibrosis (stage 011 versus 2/3/4) and iii) severe fibrosis 

(stage 0112 versus 3/4). The modified ELF (i.e. OELF without age), called the Enhanced Liver 

Fibrosis (ELF) test, was used for the remaining analysis. 

OELF algorithm 

DS= -6.38 - (In(age) *0. 14) + (In(HA)*0.616) + (In(p3NP)*0.586) + (In(TIMP1)*0.472). 

ELF algorithm 

DS = -7.412 + (In(HA)*0.681) + (In(p3NP)*0.775) + (In(TIMPl)*0.494). 

Comparison ofthe Enhanced Liver Fibrosis (ELF) panel with simple clinical and biochemical 

parameters 

To compare the ELF panel to a panel of simple markers new algorithms were created using 

"simple" clinical and laboratory variables, listed above, using multivariate logistic regression. 

Forward logistic regression was employed, and variables with a p value less than 0.1 were selected 

for the final model. Separate panels were created for each of the separate end points; No fibrosis, 

moderate fibrosis and severe fibrosis. Finally, the ELF panel and simple markers were combined to 

see if diagnostic accuracy could be improved. The three algorithms i) ELF panel ii) simple panel 
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and iiii) combined panel (ELF + simple) were tested on the three end-points of fibrosis as stated in 

the previous section. ROC curves produced to compare diagnostic performance. All analyses were 

carried out using SPSS 14. 

4.2 Results 

Paired serum and histological data were available for 192 subjects. The baseline 

characteristics of these patients are shown in table 1. The demographic data were similar for the 

two populations; overall 64 % of subjects were male, the mean age in the study was 49 years and 

63 % of subjects had evidence of the metabolic syndrome. 

Table 4-1: Baseline patient characteristics in individual and combined cohorts 

Category Nottingham centre Newcastle centre Entire cohort 
Number 88 104 192 
Age (years) 50.4 +/- 11.5 47.3 +/- 11.1 48.7 +/- 12.5 
Male subjects 65 % 63 % 64% 
BMI (kg/m:!) 30 +/- 4.5 34.4 +/- 5.9 32.4 +/- 5.7 
Waist (cm) 104.5 +/- 12.5 111.2 +/- 12.7 107.8 +/- 13 
Metabolic syndrome 66% 60% 63 % 
(yes) 
,Fasting Glucose 6.0 +/- 1.7 6.5 +/- 3.3 6.3 +/- 2.7 
(mmoVI) 
Triglycerides 2.1 +/- 1.6 2.8 +/- 1.8 2.5 +/- 1.8 
(mmmol/l) 
HDL 1.4 +/- 0.42 1.1 +/- 0.28 1.2 +/- 0.4 
(mmmol/1) 
ALT 76.1 +/- 48.9 78.4 +/- 64.6 77.3 +/- 57.8 
(U1l) 
GGT 140 +/- 135 104 +/- 102 121 +/- 119.5 
(U/I) 
Albumin 43.7 +/- 3.4 44.9 +/- 4.9 44.3 +/- 4.3 
(g/l) 
Fibrosis stage 
0 32% 49% 41 % 
1 18 % 19 % 19 % 
2 27% 8% 17 % 
3 15 % 12% 13% 
4 8% 12% 10% 
Footnote: Values in mean +/- standard deviation unless stated 

Performance of the ELF panel 

The OELF panel and ELF panel had a similar performance in the cohort in all three end-

points when comparing AVC values and distribution of score (see figure 4.1). Therefore to simplify 
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the algorithm we omitted age and used the Enhanced Liver Fibrosis Panel for the remaining 

analysis. The ELF panel had an excellent performance in distinguishing severe fibrosis with an 

AUC of 0.90 (Cl 0.84 to 0.96) and a threshold of 0.3576 was associated with a sensitivity of 80 % 

specificity of90 %, positive predictive value of71 % and a negative predictive value of94 %. In 

distinguishing moderate fibrosis the overall AUC was 0.82 (Cl 0.75 to 0.89) and a threshold of -

0.1068 was associated with a .sensitivity of 70 %, specificity of 80 % , positive predictive value of 

70 % and a negative predictive value of 80 %. In distinguishing no fibrosis the overall AUC was 

0.76 (Cl 0.69 to 0.83) and a threshold of -0 .2070 was associated with a sensitivity of 61 %" 

specificity of 80 % , positive predictive value of 81 % and a negative predictive value of 79 %. See 

table 4.2 for a full list of thresholds associated with the different end-points of fibrosis. 

Figure 4-1: Box plots for OELF and ELF for discriminant score and fibrosis stage 
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Table 4-2: Diagnostic performance ofthe Enhanced Liver Fibrosis Panel at different 
thresholds in the combined cohort 

Stage of Discriminant Sens Spec PPV NPV LR LR 
Fibrosis Score +ve -ve 

Threshold 
-1.6533 100 4 60 100 1.04 0 

0 -1.2009 95 19 63 71 1.17 0.28 
versus -1.02813 90 30 64 66 1.23 0.36 
112/3/4 -0.6415 80 56 72 66 1.80 0.37 
(any -0.2070 61 80 81 79 3.01 0.49 
fibrosis) 0.2112 49 90 86 53 4.47 0.61 

0.3272 43 95 93 54 8.67 0.59 
1.6454 13 100 100 45 n/a 0.87 

-1.4217 100 7 42 100 1 0 
011 -1.0691 95 22 45 86 1.21 0.24 
versus -0.6746 90 50 54 88 1.78 0.21 
2/3/4 -0.3625 80 67 62 84 2.44 0.29 
(moderate -0.1068 70 80 70 80 3.51 0.37 
fibrosis) 0.3145 56 90 78 75 5.35 0.49 

0.5734 45 95 85 72 8.71 0.57 
2.2859 9 100 100 62 n/a 0.91 

-1.2413 100 12 26 100 1.14 0 
0/112 -0.7121 98 42 34 98 1.68 0.05 
versus -0.4184 96 57 41 98 2.24 0.07 
3/4 -0.1068 90 75 52 96 3.54 0.15 
(severe 0.3576 80 90 71 94 7.84 0.22 
fibrosis) 0.8139 62 95 78 89 11.40 0.41 

1.6454 29 99 87 82 21.32 0.72 
2.2858 16 100 100 80 n/a 0.84 

Identification of a panel of simple markers 

The following parameters were available for all 179 subjects and entered into the 

multivariate regression analysis: Age, Albumin, ALT, GGT, albumin, fasting glucose, BMI, 

Triglycerides, HDL, presence of metabolic syndrome (yes/no). Forward logistic regression 

identified the following simple clinical and laboratory parameters in the three end points of the 

study; no fibrosis, moderate fibrosis and severe fibrosis. 
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Simple panel for distinguishing no fibrosis 

Score = 2.474 + 0.153 *glucose (mmol/l) + 0.01 *ALT + 0.036*age (years) - 0.125 *alb (gil) 

Combined panel for distinguishing no fibrosis 

Score = 2.678 + 1.281 *ELF (discriminant score) + 0.156 *glucose(mmolll) + 0.06*ALT -

0.076*alb (gil) 

Simple panel for distinguishing moderate fibrosis 

Score = -1.082 - 0.951 *metabolic syndrome (yes=O,no=l) + 0.08*age (years) + 0.0.61 *BMI 

(kglm2) + 0.004 GGT - 0.121 *alb (gil) 

Combined panel for distinguishing moderate fibrosis 

Score = 4.012 + 1.562 *ELF (discriminant score) - 0.683*metabolic syndrome (yes=O, no=l) + 

0.004 GGT - 0.099*alb (gil) 

Simple panel for distinguishing severe fibrosis 

Score = -3.284 + 0.239 *glucose(mmol/l) + 0.146 *BMI (kglm2) + 0.095*age (years) + 

0.009*GGT - 2.733* HDL( mmolll) - 0.160*alb (gil) 

Combined panel for distinguishing severe fibrosis 

Score = -2.050 + 2.070*ELF (discriminant score) +0.265 *glucose(mmolll) + 0.005*GGT - 1.595* 

HDL( mmolll) 

The performance of the simple panel is shown in table 4.3 in comparison to ELF and 

combining ELF with the simple markers and the individual ROC curves are shown in figures 4.2 to 

4.4. The best algorithm is the combination of simple markers and ELF algorithm. 
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Table 4-3: Performance of ELF panel and simple markers panel in distinguishing different 
stages of fibrosis as measured by AVe values with standard error. 

o versus 1/2/34 0/1 versus 2/3/4 0/1/2 versus 3 /4 

Any fibrosis Moderate fibrosis Severe fibrosis 

SIMPLE 0.74 +/- 0.03 0.80 +/- 0.03 0.88 +/- 0.03 

ELF 0.77 +/- 0.03 0.82 +/- 0.03 0.91 +/- 0.03 

COMBINED 0.81 +/- 0.03 0.85 +/- 0.03 0.93 +/- 0.02 

Figure 4-2: ROe curves of simple panel, elf panel and combined panel in distinguishing no 
fibrosis 
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Figure 4-3: ROC curves of simple panel, elf panel and combined panel in distinguishing 
moderate fibrosis. 
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Figure 4-4: ROC curves of simple panel, elf panel and combined panel in distinguishing 
severe fibrosis 
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Clinical Utility of non-invasive markers in NAFLD 

If thresholds are used to" rule in" fibrosis (upper threshold with high PPV and specificity) 

or "rule out" fibrosis (lower threshold with high NPV and sensitivity) with a high degree of 

accuracy the clinical utility of non-invasive markers can be appreciated, as initially described in 

chapter 2, and this is represented graphically in figure 4.5. Using the Enhanced Liver Fibrosis panel 

to distinguish severe fibrosis, at the thresholds of -0.1068 and 0.3576 (sensitivity and specificity of 

90 % respectively), in this cohort 79 % could have avoided a liver biopsy correctly, 10 % would 

have been incorrectly classified and 11 % would have an indeterminate classification (i.e. had 

values between these values). For the detection of moderate fibrosis (using thresholds with a 

sensitivity and specificity of 90 % respectively), 52 % could avoid a liver biopsy correctly, 10 % 

would be incorrectly classified and 38 % have an indeterminate classification. If ELF was used to 

delineate any fibrosis (using thresholds with a sensitivity and specificity of 90 % respectively) 40 

% could have avoided a liver biopsy correctly, 10 % incorrectly classified and 50 % would have an 

indeterminate classification. The clinical utility model allows the ELF panel to be compared with 

the simple panel and combined panel as shown in figure 4.6 below. 
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Figure 4-5: Methodology underlying clinical utility model 
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Figure 4-6: Clinical Utility model of simple, ELF and combined panel in distinguishing 
different stages of fibrosis 
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The impact of prevalence on test performance 

The performance of serum markers thus far has been described in the context of a 

secondary/tertiary care setting. However the serum markers may also have a role in a lower 

prevalence setting e.g. primary care. Predictive values will change with prevalence and thus affect 

test performance. A modelling exercise was performed using the ELF panel to illustrate the 

alteration in test performance with varying prevalence in a theoretical cohort. For the detection of 

severe fibrosis in the community thresholds were fixed for a high sensitivity and specificity (>90 

%). For the detection of any fibrosis in the community, the priority would be not to miss any 

fibrosis but also maximise the number of people diagnosed with disease, therefore thresholds were 

fixed for a high sensitivity (90 %) but relaxed for a lower specificity (80 %); i.e. more false 

positives tolerated than false negatives. Figures 4.7 and 4.8 below illustrate the results of the 

modelling. 

F or the detection of severe fibrosis in primary care the model shows that the number of 

biopsies avoided can be increased to over 70 %, whilst keeping the number incorrectly avoided 

below 5 % when the prevalence of severe disease is reduced below 10 %. However, for the 

detection of any fibrosis, the number of biopsies correctly avoided reduces from 38 % to 21 %, 

when the prevalence of any disease falls to 30 %. 
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Figure 4-7: Clinical Utility Models showing effect of changing prevalence on diagnosis of 
severe fibrosis in a theoretical cohort. 
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Figure 4-8: Clinical Utility Models showing effect of changing prevalence on diagnosis of any 
fibrosis 
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4.3 Discussion 

The ELF panel had an excellent performance in distinguishing severe fibrosis in this 

validation data set with an AUC of 0.91. Simplification of the algorithm by removing age did not 

alter the diagnostic test performance. The addition of simple parameters to ELF increased 

diagnostic performance in distinguishing no fibrosis, moderate fibrosis and severe fibrosis. The 

most significant impact of the improved performance of the combined algorithm may be in 

distinguishing any fibrosis. 

In the three derived simple panels, different parameters emerged but there are general 

similarities to the findings in the systematic review in chapter 3. Measures of glucose sensitivity, 

albumin and age feature in all three algorithms and these have face validity in measuring fibrosis 

(will discuss further in final chapter). The improvement by combining simple markers and ELF 

panel suggests that different aspects of fibrosis are being measured. It is interesting to speCUlate 

that the combined algorithms could be measuring factors associated with aetiology (eg insulin 

sensitivity), mechanisms of injury (eg matrix products in ELF) and functional consequences of 

fibrosis (eg albumin and insulin sensitivity). The balance of these constituents may vary depending 

on the stage of fibrosis. Therefore it is intuitive that specific algorithms may be required for the 

different stages of fibrosis. The counter argument is that any improvement in diagnostic accuracy 

with the specific panels needs to be offset against the pragmatic advantages of having a "general" 

fibrosis test. The solution may be a) to use markers that can be incorporated into analysers eg 

fasting glucose rather than the presence or absence of the metabolic syndrome b) use a general 

fibrosis test followed by more specific algorithms if the clinical situation dictates. The latter will 

obviously be dependent on the availability and cost of any commercial test. 

Showing improvements in diagnostic accuracy by AUC measures has statistical merit 

(within the limitations that have been discussed previously) but may not be very "tangible" to the 

practising clinician. The clinical utility model is a mechanism of translating diagnostic statistics 

into clinical practice. The potential to avoid over 80 % ofliver biopsies using the combined 
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algorithm for the detection of severe fibrosis has wide implications on patient management and 

health care resource. 

There are some inherent limitations of the clinical utility model. Firstly it makes broad 

assumptions about certainty. There will be variability amongst clinicians about the level of 

diagnostic certainty they are satisfied with. Moreover, in clinical practice a mUltiple tools may be 

used for diagnosis eg clinical examination, blood tests, radiology, etc. The precise contribution of 

each of these parameters varies and is difficult to quantify. Therefore this modelling oversimplifies 

the diagnostic process. It is not clear what error rate would be acceptable to clinicians for the 

diagnosis of liver fibrosis, and conservative thresholds have been deliberately chosen; it could be 

argued that we could use larger error rates as the sampling error for liver biopsy may be as high as 

30 % 159. To ascertain these levels of certainty one could conduct a Delphi questionnaire on opinion 

leaders or perform a postal survey of potential clients of the test (eg hospital gastroenterologists or 

GPs); this is discussed further in the final chapter. 

The effect of prevalence on test performance is important in trying to predict the 

application of non-invasive markers to clinical practice. Hitherto, the published literature on 

clinical practice has concentrated on higher prevalence population in secondary or tertiary care. 

There are a number of reasons for this including resource issues but the major determinant is likely 

to be the requirement of obtaining a liver biopsy (largely performed only in hospitalised settings) 

for these diagnostic studies. The use of serum markers in the community to stratify patients for 

referral, observation or reassurance has obvious advantages. The modelling suggests that the 

current markers could have a potential role in the community for the management of severe fibrosis 

but presently under perform for the detection of any fibrosis. There are a number of ways this could 

be improved, for example finding new markers to add to the algorithm and therefore strengthen 

diagnostic performance. Alternatively one could use diagnostics tests (eg liver function tests) in the 

community test before applying the serum marker test (essentially artificially increasing the 

prevalence of disease). The effect of spectrum bias cannot be modelled. To account for this a study 

in primary care would need to be performed but the issue of requiring a liver biopsy as a reference 

standard makes this a difficult ethical proposition. 
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The ELF panel can be used to distinguish different stages of fibrosis and this can be 

improved upon by the addition of simple markers. The clinical utility model exemplifies how the 

serum markers could be used in current clinical practice and in different prevalence setting of 

fibrosis. The continuing improvement of serum markers, particularly at the earlier stages of 

fibrosis, will increase their applicability. In the next part of the thesis I will explore how new 

technologies may aid the improvement of non-invasive markers. 
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Chapter 5 . Introduction to Metabonomics 

Metabonomics is an emerging technology allied to the other "-omics" such as genomics 

(study of genes), transcriptomics (study of transcription products), proteomics (study of proteins) 

and lipomics (study oflipids). All of these technologies generate extremely large datasets which 

has a number of consequences. Firstly, the data generated is often hypothesis generating rather than 

hypothesis driven. This may demonstrate associations which may not have been considered to be 

influential. These technologies will not necessarily reveal causal relationships and therefore further 

studies are often required to illustrate mechanistic processes. Secondly, the large data sets pose an 

issue with analysis and due to the extremely large number of variables generated specialised 

statistical methods are required. 

The study of genes and proteins is extremely valuable is understanding disease process and 

creating novel diagnostic and therapeutic strategies. However, it is not simply the presence or 

absence of a gene or protein that will influence events further "down stream" in a metabolic 

pathways. The activation of the gene, transcription into a protein product, transportation of that 

protein through the cell, secretion and post translational modification are all key steps. 

Metabonomics is the study of low molecular weight metabolites in a biological system and is 

influenced by genes but also external factors such as the environment, drugs and disease. It is 

therefore able to give a holistic snapshot of a biological system by analysing readily obtainable 

biofluids such as serum or urine. The metabolites have the potential to be amino-acids, proteins, 

carbohydrates or lipids. The term metabonomics is defined as "quantitative measurement of the 

time related multiparametric metabolic response ofliving systems to pathological stimuli". 160 

Physiological systems have wide biological variability, even in the absence of disease, eg 

changes related to diurnal variation, and this may be detected by metabonomics. Therefore when 

comparing disease to healthy subjects the difference in the signals of metabolites as a result of 

disease must be greater than those occurring as part of normal physiological variation. This concept 
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is often referred to as the signal to noise ratio and is important in designing and interpreting 

metabonomic studies. 

5.1 Metabonomics in human disease 

The majority of studies using metabonomics have concentrated on animal models and in 

particular the analysis of metabolites induced by drug toxicity. There have some studies on 

assessing metabonomics in human disease. Brindle et al. 161 used metabonomics to distinguish 

patients as having normal coronary arteries or triple vessel disease using angiography as the 

reference standard. The authors created a model on a training set and validated the model on a 

group of patients with a sensitivity 92 % of and specificity of 93 %. Furthermore, they were able to 

separate patients on the basis of one, two and three vessel disease. They were also able to 

hypothesise about biological plausibility as prominent peaks corresponded to specific lipid profiles. 

A more recent study studied the role of metabonomics in the detection of epithelial ovarian 

cancer 162. Using metabonomics they were able to separate 38 patients with epithelial ovarian 

cancer from 12 patients with benign ovarian disease. Furthermore, they were able to separate 

cancer patients with 100 % accuracy from premenopausal women and 97 % accuracy from post 

menopausal women. 

Hitherto, there have been no published clinical studies using metabonomics to assess liver 

fibrosis. There has been a study that uses metabonomics to distinguishing liver cancer from 

hepatitis and cirrhosis 163 and a further study on finding biomarkers for acute deterioration in 

hepatitis B 164 • 

5.2 Principles of NMR in metabonomics 

Nuclear magnetic resonance (NMR) spectroscopy was used in this project to detect 

metabolites. NMR utilises the fact that some atoms have a magnetic charge. This charge is 

influenced not only by the type of atom but also its location within the molecule and its chemical 

neighbours. The magnetic properties of certain atoms eg hydrogen and carbon make them suitable 
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for spectroscopy. When atoms are placed in a magnetic field, they will align in that field (see 

figures 5.1 and 5.2). Using an electric current at an angle to this magnetic field, molecules can be 

made to resonate at a precise frequency. This resonance and subsequent relaxation can be 

measured and transformed into spectral lines (see figures 5.3 and 5.4). In our clinical study NMR 

spectroscopy is based on hydrogen spectroscopy and allows us to measure the presence or absence 

of metabolites containing hydrogen. The molecules will have different spectral lines because of 

their size and magnetic properties and can therefore be distinguished. 

5-1: NMR 

Figure 5-2: Diagram showing alignment of atoms in a magnetic field. 
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Figure 5-3: NMR sample acquisition 
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Figure 5-4: Example of a spectral reading from NMR spectroscopy. 
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Data analysis 

The data generated by metabonomics differs from traditional data 

sets in a number of ways. Firstly, the number of observations are generally low but the number of 

variables extremely large. Secondly, the variables (X) may be covariants, which are not 

independent, and there may be a number of outcome measures (Y). A specific type of multivariate 

analysis has therefore emerged as a way of analysing this data. 

Table 5-1: Examples of multivariate analysis 

Statistical Method X variables Yvariables Notes 
Linear regression 1 1 
Multiple linear MUltiple 1 The number X variables should 
Regression be less than number of 

observations. 
X variables should be 
independent 

Principal components Multiple 1 Number of variables can be 
regresslOn greater than number of 

observations. 
Independence not necessary 

Partial least squares Multiple Multiple 

Use of principal component analysis in the study of human disease 

There have been a number of studies using principal components analysis (PCA) in 

medicine ranging from Alzheimers, coronary artery disease and oral disease. Maggini et al 165 

studied depression in schizophrenia and this is a simple example of how PCA can be used. They 

were interested in which specific symptoms had the greatest influence in depression in the context 

of chronic schizophrenia and interviewed 342 patients using the Calgary Depression Scale (CDS). 

The relationship of variables with depression (diagnosed by a CDS score of greater than 6) was 

analysed by PCA and is shown in table 5.2. 
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Table 5-2: CDS item contribution to components (only factor loading greater than 0.5 shown) 

CDS item Component 1 Component 2 Component 3 
C 1 depression 0.80 
C2 hopelessness 0.77 
C6 morning 0.74 
depression 
C9 observed 0.73 
depression 
C3 self deprecation 0.69 
C8 suicide 0.63 
C4 guilty ideas of 0.87 
reference 
C5 pathological guilt 0.70 
C7 early morning 0.955 
wakening 
Variance accounted 43 13 12 
for 

This analysis illustrates a number of advantages of using PCA. 9 different variables can be 

condensed into three components. The individual components are unrelated as they are orthogonal 

to one another (explanation in next section). Each successive component explains reducing 

variability of data, 43 %, 13 % and 13 % respectively and in total the three components explain 68 

% of the variation of the data. The key variables within each component can be elucidated. For 

example in component 1 depression, hopelessness, morning depression, observed depression, self 

deprecation and suicide all have high loading values and make a significant contribution to 

component 1. In contrast, early morning wakening accounts almost exclusively for factor 3. In 

biological studies there be many more variables and these may be unknown so the purpose of this 

analysis can be multifold. It can reduce the data set from over 100 variables into 2-4 principal 

components which can explain the data set, identify key variables which have greatest impact on 

one or more principal components (unsupervised analysis) and also create models using 

information from key variables to predict class identity (supervised analysis). 
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Principal component analysis in the analysis of metabonomic data 

Principal components analysis is one of the central features of multivariate analysis. It is 

used to examine data in unsupervised manner. Each variable (or descriptor) is given a dimension in 

space (k space). Therefore an observation with 10 variables will have a unique plot in 10 

dimensional space. Vectors can be generated in this multidimensional space showing patterns of 

correlation within the data set. These vectors, represented mathematically by eigen values, are 

known as principal components. Figure 5.5 shows hypothetical data points, in figure 5.6 the red 

line represents principal component 1; this represents the direction which best exemplifies the data 

set. A second principal component, shown by the green arrow in figure 5.7, is a vector at 90 

degrees (orthogonal) to the first and is therefore independent. Further principal components can be 

created at continuing orthogonality (Le. 180 degrees, 270 degrees, 360 degrees, 450 degrees, etc). 

Figure 5-5: Hypothetical data set to illustrate principal components 

• • • • • •• •• • • • • • • • • • • • • •• • • •• • • • • 
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Figure 5-6: Hypothetical data showing first principal component 

• • • • • ... .. . 
• 

Figure 5-7: Hypothetical data showing principal component 1 and 2 
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The maximum number of principal components will be determined by the number of 

variables, but each consecutive principal component weakens in its ability to explain the data. Most 

data sets can be explained by the flrst two to three principal components. Each variable will have 

an influence on each principal component; either a positive or negative association. 

In order to present information in an understandable form the theoretical mathematical co

ordinates are converted to a 2D plot. The scores plot represents how far each observation is away 

from the principal component, in the axis of the two most important variables (descriptors). The 

loadings plot represents how closely governed each variable is to its respective principal 

component. For example if principal component 1 lies on the same plane as variable 1 it is given a 

loading of + 1 (calculated by the cos of 0 degrees = + 1). Conversely if the principal component is 

90 degrees to variable 1 then the loadings will be 0 (cos of 90 degrees = 0); 180 degrees will give a 

loadings of -1. By comparing the scores and loadings plots valuable information can be gathered. 

In flgure 5.8, PC 1 is at a 45 degree angle to variable 1 represented by Ll, thus has a loading 

weight of 0.5 (cos of 45 degrees =0.5) for variable 1. In relationship to variable 2, the angle is also 

45 degrees represented by L2, thus the loading weight is also 0.5 for variable 2. By looking at a 

loadings plot and scores plot together, one is able to detect which variables are exerting the greatest 

influence on the groups of observations. 

94 



Figure 5-8: The relationship between variables and principal components 

• • L2 • 
• • ••• •• • 

~ 

PC 
1 

variable 1 

Below is a hypothetical example of a scores plot and loadings plot with 9 patients/ 

observations (labelled 1-9 in figure 5.9) and 6 variables (labelled a to fin figure 5.10). 

Figure 5-9: Scores plot of9 observation points 
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Figure 5-10: loadings plot of9 observation points 

PI 

In the scores plot there are 9 observations/patients. The pattern of the scores plot suggests 

that there are three natural groups. The loadings plot suggests variables a and b are related to the 

three patients in right upper quadrant, variables c and d are related to the patients by the origin and 

variables e and f are related to two patients in left upper quadrant. This can give a descriptive 

overview of the data. From the loadings plot, the variables a and b can be seen to have the greatest 

positive influence on the fIrst two principal components and conversely variables e and fhave a 

negative relationship with the fIrst two principal components. Furthermore variables c and d lie 

close to the origin and do not help to distinguish the data set. This is a very simplistic example, and 

with such few variables there are better statistical methods for analysis. However, if one were to 

increase the number of variables to 100 or greater (not uncommon in metabonomics) the 

advantages/necessity of this analysis becomes apparent. 

In the scores plot prominent outliers can be easily seen as they lie outside the Hotelling's 

T2 ( based on students t-distribution). This is represented by an elliptical circle within the scores 

plot. 

Rand Q values 

In most data sets the fIrst two principal components (PC) explain the majority of the 

variation within the data set. However by increasing the number of PC more variation can be 

explained. The corollary to this is that there is a danger of "over fItting" the data and patterns 

become more specifIc and less generalisable. To summarise this the terms R2 and Q2 are used. R2 
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refers to how well the model explains variation and is analogous to R2 in regression analysis. It is 

based on the formula: R2= 1- E (observed - fittedi / total sum of squares. With increasing number 

of PC the R2 value increases. The Q2 value is derived from removing observations (eg 117 th of the 

total data set) and calculating a quotient based on predicted values from the model and the real 

"observed" value; formula Q2 = 1- E (observed - predicted)2 / total sum of squares. Initially the Q2 

value will increase with PC but at a critical number of PC will decrease once the data starts to 

become over fitted. Excellent models have values of Q2 of 0.9 but in metabonomics they are usually 

around 0.5; a value of 0.5 for R2 suggests that 50 % of the variation can be explained by the model 

(ideal value is 1). Therefore the decision on how many PC are required in the fmal model is based 

on the balance ofR2 versus Q2. 

Supervised methods 

Using PCA alone is useful in data where class information is unknown. If classes are 

known a priori then more detailed analysis can be undertaken. There are a number of methods but 

the main methods are soft independent modelling of class analogy (SIMCA) or partial least squares 

discriminant analysis (pLS DA). This creates models to discriminate classes and also explains why 

there are differences between classes. Using the hypothetical study in the unsupervised example, if 

we knew the classes of the 9 patients a priori, the scores plot would look like figure 5.11 below. 

Figure 5-11: Scores plot of9 observations which belong to three classes 
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PLS DA will not only separate classes in the scores plot, but the variables responsible for 

the separation can be obtained eg what variables separate yellow from red and red from black by 
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looking at a PLS-DA coefficients plot. PLS-DA utilises principal components that not only explain 

the variation in X but also account for the variation in Y. To check correct classification, new data 

is inserted and tested (external validation) or if new data is unavailable a proportion of the data set 

is omitted (internal validation). A dummy variable is assigned to each class, and it will be based on 

variables (placed in regression equations) that produce maximal separation. Therefore the value of 

the dummy variable may be 0 for class A and 1 for class B. An unknown observation can be put in 

the model; depending on how close the predicted value is to 0 or 1 it will be assigned to class A, 

class B or be unclassified. 

'::; , 
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Chapter 6 . Exploring metabonomics in liver fibrosis 

As outlined in the previous chapters, serum markers have many potential advantages. They 

can be measured using simple blood tests, are relatively inexpensive compared to biopsy and have 

the potential for serial measurement. The identification of novel biomarkers, particularly at the 

earlier stages of disease, is a potential way of improving the non-invasive diagnosis of liver 

fibrosis. 

There are a number of reasons why metabonomics could be a valuable tool in liver fibrosis. 

Firstly, it has the potential to be performed on serum or urine samples. Secondly, the serum 

markers have concentrated on using known mediators or products of fibrosis in the diagnostic test. 

Using a hypothesis generating approach novel biomarkers may be found which aid diagnostic 

accuracy. 

Metabolites may only be detectable after a certain stage of fibrosis is reached (threshold of 

detection) or alter as a continuous variable. The challenge will be to find stable metabolites that 

have minimal "physiological" variation. They will need to be produced constantly or have a long 

half life to allow diagnostic utilisation and demonstrate consistent changes in pattern detection with 

injury and fibrosis. Ideally this pattern will allow the differentiation of not only significant fibrosis 

or cirrhosis from normal but also identify more subtle forms of fibrotic injury. 

Hepatitis C was chosen as the disease aetiology as this condition has been most extensively 

studied using serum markers (as outlined in the previous chapters), a robust diagnostic test is 

available for the disease aetiology (viral levels can be measured directly in blood) and liver 

biopsies (representing the current reference standard for diagnosis) were readily available in this 

aetiology of liver disease at the start of the study (national guidelines changed during the course of 

the thesis). 

To determine if metabolites found in the clinical study were specific to the aetiology of 

injury a parallel study was performed in an animal model of liver fibrosis following injury with 

carbon tetrachloride (CCI4
). 
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Aims 

• To discover biomarkers in serum and urine in a human study ofliver fibrosis secondary to 

hepatitis C, using'metabonomics and NMR spectroscopy. 

• To discover biomarkers in hepatic tissue in an animal model of liver fibrosis secondary to 

CCl4 

6.1 Methods 

Clinical study 

This was a prospective, cross sectional study including patients with CHC and healthy 

controls (HC). Subjects were recruited from two centres, Southampton General Hospital and the 

Royal Boumemouth Hospital (LREC no. 04/QI701l58). Inclusion criteria are shown in table 6.1 

and include serological evidence of CHC and recent liver biopsy. The exclusion criteria are shown 

in table 6.2 and include confounding concurrent chronic disease, treatment with interferon and 

ribavarin and co-infection with hepatitis B (HBY) or human immunodeficiency virus (HIV). 

Table 6-1: Inclusion criteria for study 

Inclusion criteria: 

• Male and female subjects aged 18-65 with CHC 

• Evidence of liver fibrosis, confirmed by routine liver biopsy taken between 2 weeks 

and four months (healthy controls did not undergo liver biopsy). 

• Demonstrable HCV viraemia at least six months prior to entry 
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Table 6-2: Exclusion criteria for study 

Exclusion criteria: 

• Presence of autoimmune disease, osteoarthritis, rheumatoid arthritis, inflammatory 

bowel disease, chronic obstructive pulmonary disease, hypertension, renal fibrosis, 

scleroderma, diabetes mellitus, heart failure, recent myocardial infarction (last 12 

months), unstable angina and carcinoma 

• Renal impairment indicated by Creatinine> 130 mmmoVl 

• Coinfection with HIV or HBV 

• Previous treatment for HCV with antiviral agents 

• Evidence of secondary aetiology of liver disease on biopsy 

• On medication which cannot be stopped one week before study 

Sample collection 

Eligible subjects were given information about the study (see appendix 7). Volunteers 

(who had at least 24 hours to consider their decision) were invited to attend an appointment at the 

Wellcome Clinical Trust Research Facility (WTCRF) at Southampton General Hospital. In the 

information sheet, patients were requested to avoid herbal remedies, dietary supplements and non

essential medication in the week prior to the study visit. Additionally, they were asked to avoid 

fish, seafood, spicy foods or alcohol on the day before and the day of the study. The reasons for this 

are because previous studies have shown that these items can influence metabonomic signals. All 

samples were collected between 9 am and midday. 

After consent had been obtained, patients underwent a brief history and clinical 

examination. 50 mls of blood was venesected for baseline blood tests (urea and electrolytes, full 

blood count, clotting and liver function tests), viral load and genotype, serum markers of liver 

fibrosis (ELF test) and metabonomic assessment. Blood for metabonomic assessment was collected 

in EDT A and Lithium Heparin tubes and chilled immediately on ice. Centrifugation was performed 

within 30 minutes and samples were divided into 10 aliquots and stored at -80 degress. 50 mls of 
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urine was collected for metabonomic assessment; following centrifugation samples were stored at -

80 degrees. The samples were shipped for analysis at the NMR facility, Pfizer, Sandwich, Kent and 

acquisition undertaken in conjunction with an NMR physicist (OB). 

Animal study 

Liver injury was induced in Sprague Dawley rats as described previouslyl66. Briefly 

cohorts of 4 animals were injected intra-peritoneally with 0.2 mlIIOO g sterile CCL4 dissolved in a 

1: 1 ratio with olive oil twice weekly for 4 and 8 weeks respectively to generate a reversible fibrosis 

and reversible cirrhosis respectively. In addition a cohort was treated for 12 weeks to establish 

advanced micronodular cirrhosis which undergoes only partial resolution over 1 year of follow -up 

(irreversible cirrhosis). For each model, animals were sacrificed and livers harvested 72 hours after 

the final injection ofCCL4. Four, untreated rat livers were also harvested for use as controls. Liver 

tissue provided by TK. Harvested livers were snap frozen in liquid nitrogen for metabonomic 

analysis. 

Liver biopsy 

All clinical liver biopsies were assessed by a single pathologist using the Metavir scoring 

system. Biopsies were included if they were greater than 15 mm in length and contained more than 

6 portal tracts. Histology is a surrogate for the future prognosis of liver disease and previous studies 

have suggested that fibrosis can be divided into three categories 84. In this study a three stage 

classification was chosen; no fibrosis (class 1) versus mild/moderate fibrosis (class 2) versus severe 

fibrosis (class 3) corresponding to the Metavir stages HCIFO versus FIIF2 versus F31F4. 

Rat liver tissue was fixed in formaldehyde, processed, embedded in paraffin wax and 

sectioned. Sections of each liver were stained with standard haematoxylin and eosin (H and E) and 

Sirius red to allow morphological examination. A modified scoring system based on the presence 

and distribution oflarge fibrotic bands was used to assess fibrosis 167 • Three stages of classification 

were chosen, class 1- normal liver (control animals), class 2-early fibrosis (week 4 and week 8 

models) and Class 3- cirrhosis (week 12). This division is based on the fact the week 12 model 
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shows irreversible injury after spontaneous recovery whilst the 4 and 8 week model show complete 

resolution of fibrosis after spontaneous recovery 166. 

IH-NMR spectroscopy 

Clinical study 

Sample preparation 

Li-heparinised plasma was prepared by mixing 170 ml of plasma with 340 ml of 0.9% 

saline (containing 10% D20 v/v). Urine was prepared by mixing 340 ml of urine with 170 ml of 

0.2M phosphate buffer (Na2HP04 and NaH2P04) in water (incl. 20% D20 v/v), containing 1 roM 3-

(trimethylsilyl) propionic-2,2,3,3-~ acid sodium salt (Sigma-Aldrich - Gillingham, UK) as a 

reference standard and 3 roM NaN3• The resulting pH was 7.4-7.5. 

NMR spectroscopy 

Samples were analysed on a VARIAN Inova (Varian Inc., Scientific Instruments -

Yarnton, UK) 500 MHz spectrometer using as mm Varian 500 ill PFG probe head operating at 

300K. For plasma, a CPMGpr sequence was used to remove short T2 components with 128 

transients, 32,000 data points and a spectral width of 12,000 Hz. For urine samples a noesyprld 

pulse sequence with 2s presaturation delay and lOOms mixing time was used (64 transients, 32,000 

data points, spectral width of 10,000 Hz). Prior to Fourier transformation a line broadening factor 

of 1 Hz was applied to both plasma and urine spectra. 

NMR data processing 

The NMR spectra in plasma were phased, baseline corrected and referenced to the glucose 

HI proton at 5.23 ppm using Pfizer software. The spectra were divided into areas of equal width 

(0.04 ppm) from 10.0 to 0.2 ppm. This so-called data 'bucketing' simplifies statistical analysis and 

reduces the impact of small variations along the chemical shift axis. The integrals ofthe individual 

buckets per spectrum were area-normalised to the total area of each corresponding spectrum, 

excluding the area of the water from 5.2-4.2 ppm (CPMGpr). In urine, the NMR spectra were 

phased, baseline corrected and referenced to the 3-(trimethylsilyl)propionic-2,2,3,3-~ acid (TSP) 
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singlet at 0 ppm using in-house software. The spectra were divided into areas of equal width (0.04 

ppm) from 10.0 to 0.2 ppm; excluding the area of the water from 6.2-4.42 ppm. 

Animal study 

Sample preparation 

Liver tissue was analysed by three techniques a) magic angle spinning NMR (MAS-NMR) 

spectroscopy of the intact sample b) liquid phase NMR on water extracts and c) liquid phase NMR 

on lipid extracts. These data were acquired by PfIzer (details of methodology are given in appendix 

8) and raw data then provided for analysis in this thesis. 

Statistical analysis 

Chemometrics analysis was performed using either PfIzer software written in MA TLAB or 

SlMCA-P software (version P+ 11.0 and P 10.0, Vmetrics AB, Vmea, Sweden). All data was mean 

centred and pareto scaled. Spectral data from urine and plasma was combined into one database for 

the clinical study. Spectral data was analysed separately for the different methods in the animal 

model. Multivariate analysis was performed on NMR spectral data using unsupervised analysis 

(principal components analysis) and supervised analysis (partial least squares discriminant analysis 

(PLS-DA)). In the animal and clinical study analysis was performed on class 3 vs class 1, class 1 vs 

class 2 and class 2 vs class 3 using the fIrst three principal components. 

Validation of models 

To test each model, internal cross validation was performed. In each model two 

observations were omitted by random selection and a new model created with the residual 

observations. The resulting model was the used to predict which class the omitted observations 

should belong to. This was repeated until all the observations had been omitted at least once. The 

prediction could have three outcomes, classifIcation in the correct class, incorrect classification or 

assignment not possible. 
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Identification of key metabolites 

Key spectral areas for each model were identified by ranking the top twenty variables for 

each model by its Coefficent CS value, analogous to the regression coefficient used in linear 

regression and is determined by the contribution of the variable to the principle component 

(loading). The spectral areas were then analysed individually to determine the major peaks within 

them. Metabolites were identified by comparing signature signals to known metabolites listed in 

reference NMR databases. For all identified metabolites (see tables 3 and 4), the area of signal 

intensity was calculated using in-house software. Univariate analysis was performed on selected 

signal intensities of identified compounds and tested using the J onckheere-Terpstra test (analogous 

to Kruskal-Wallis but more appropriate for comparing ordinal, non-parametric groupings). 

Translating the metabolic profile into a diagnostic algorithm in the clinical study 

To produce a diagnostic algorithm for the clinical study, the key mediators identified in 

serum and urine were examined. The final algorithm contained only significant variables (p<O.l) 

remaining after forward logistic regression, based on the separation of moderate fibrosis. ROC 

statistics were produced for distinguishing no fibrosis, moderate fibrosis and severe fibrosis for this 

novel panel and compared to the established Enhanced liver Fibrosis (ELF) panel. 

6.2 Results 

Clinical study 

Blood and urine were collected on 50 sUbjects. NMR spectroscopy was not possible on 4 

urine samples because of interference of the water signal with adjacent spectral regions in these 

samples (very dilute samples) and two subjects were excluded from the healthy controls because of 

abnormalities in baseline biochemistry. Complete serum data was available for 50 subjects and 

complete urine data for 46 subjects. Baseline characteristic of the patients are shown in table 3. 

Variables that were statistically different between the classes (p<0.05) include age, AST, ALT, 

platelets and albumin. There was no statistical difference in the distribution of viral genotype 

between the three classes. 
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Table 6-3: Subject characteristics subdivided into no fibrosis, mild fibrosis and severe fibrosis 

Class 1 Class 2 Class 3 

No fibrosis Moderate fibrosis Severe fibrosis 

Number included 16 21 13 

Male (%) 75% 76% 77% 

Age 31.5 (30.0-44.3) 38.0 (31.5-42.0) 51.0 (40.0-57.5) 

BMI 24.1 (19.7 -27.5) 24.5 (22.0 -27.4) 22.5 (20.6 - 24.6) 

AST 20.0 (15.0 - 30.0) 42.5 (35.0 - 68.0) 57.0 (35.0 - 126.5) 

ALT 34.5 (20.3- 42.5) 84.5 (59.3 - 260.5) 107.0 (76.0 -133.5) 

Platelets 235.0 (206.8 - 291.3 ) 215.0(156.3-257.3) 159.5(104.8-216.8) 

Albumin 42.0 (42.0-45.8) 42.0 (39.5- 43.8) 39.0 (36.5 to 43.5) 

Footnote- Data presented as median values (inter quartile range in brackets) unless stated. 

Results of spectral analysis in clinical study 

The data were analysed by comparing each class against the other resulting in three 

analyses: class 3 vs class 1, class 1 vs class 2 and class 2 vs class 3. All the analyses presented use 

the first three principal components. 

Serum 

Class 3 vs class 1 

Unsupervised analysis shows no clear distinction of the groups, although there does appear 

to be a trend of class 3 members lying to the right and class 1 members lying to the left of the 

scores plot (see fig 6.1). The loadings plot (fig 6.2) suggest the variables at the extreme right hand 

side ( eg b3 _ 42 and b3 _ 46) have greatest influence on class 3 and the variables lying to the extreme 

left (eg b1_26 and bl_30 have greatest influence in class 1 variables. In the supervised analysis, 

using partial least squares discriminant analysis (PLS-DA) a model has been built with prior 
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knowledge of class assignment. This results in better discrimination of the classes as seen in figure 

6.3. Members of class 3 and class 1 appear to separate on a line dividing the upper right hand 

quadrant and bottom left hand quadrant. The PLS DA model explains 85 % of the variation due to 

differences in fibrosis (R2y =0.85). 

Class 2 vs Class 1 

The supervised PLS DA model (fig 6.4) shows some separation of class 2 and class 1; this 

separation does not appear to be as good as class 3 vs class 1. The PLS DA model explains 71 % of 

the variation due to difference in fibrosis (R2y =0.71). 

Class 2 vs Class 3 

The supervised PLS DA model (fig 6.5) shows some separation of the two classes; the 

majority of class 3 members are clustered on the right. The separation of class 3 vs class 2 is the 

weakest, the model explains 55 % of the variation due to difference in fibrosis (R2y =0.55). 

'r- ,<. ~ \ 
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Figure 6-1: PCA - class 3 vs class 1 scores- serum 
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Figure 6-2: PCA - class 3 vs class 1 loadings- serum 
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Figure 6-3: PLS DA - class 3 vs class 1 scores - serum 
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Figure 6-4: PLS DA - class 1 vs class 2 scores- serum 
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Figure 6-5: PLS DA - class 2 vs class 3 scores - serum 
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Urine 

Class 1 
Class 2 

Class 2 
Class 3 

The separation of classes in the urine data was also greatest for class 3 versus class 1. The 

separation of these classes also appeared to be better for urine compared to serum as exemplified 

by the peA plot in figure 6.6 (c_f. figure 6.1). The PLD DA models for the urine data also had 

higher R2y values for the separation of all three classes as follows: class 3 versus class 1 (R2y 
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=0.925), class 1 versus class 2 (R2y = 0.532) and class 2 versus 3 (R2y = 0.629); see figures 6.8 to 

6.20. 

Figure 6-6: PCA - class 3 vs class 1 scores - urine 
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Figure 6-7: PCA - class 3 vs class 1 loadings - urine 
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Figure 6-8: PLS DA - class 3 vs ciass 1 scores - urine 
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Figure 6-9: PLS DA - class 1 vs class 2 scores- urine 
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Figure 6-10: PLS DA - class 2 vs class 3 scores- urine 
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Combining Urine and serum data 

The urine and serum NMR data were combined to see if separation of the stages of fibrosis 

could be improved. The results of analysing the combined databases in comparison to the 

individual databases are shown in table 6.4 and models shown in figures 6.11- 6.13. Q2 statistic is a 

measure of cross-validation of the models. The table shows that by combining databases the model 

improves for class 2 versus class 3. The larger databases however result in lower Q2 scores. 
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Table 6-4: Comparison of models produced by serum, urine and combined databases. 

Class separation Serum Urine Combined 

R-Y Ql RLy QL RLy QL 

Class 3 versus 1 0.85 0.15 0.93 0.54 0.92 0.52 

Class 2 versus 1 0.71 0.32 0.53 -0.1 0.63 0.10 

Class 2 versus 3 0.55 0.03 0.63 0.34 0.71 0.10 

Combined urine and serum database models 

Figure 6-11: PLS DA - class 3 versus class 1 combined 
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Figure 6-12: PLS DA - class 2 versus class 3 combined 
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Figure 6-13: PLS DA - class 1 versus class 2 combined 
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Validation of combined serum and urine models in clinical study 

The internal validation suggested that the majority of observations could be predicted by 

the models built with the remaining observations. Comparison of classes 1 and 3 produced the best 

predictive model while comparison of classes 1 and 2 yielded the lowest predictive ability. 

Table 6-5: Classification following cross validation of models 

Category Correctly Incorrectly Unclassified 
Identified Identified 

Class 1 vs Class 
3 
Class 1 67 % 8% 25 % 
Class 3 62% 15 % 23 % 
Total 68% 12 % 20% 
Class 1 vs Class 
2 
Class 1 50% 25 % 25 % 
Class 2 52% 14% 33 % 
Total 53 % 18 % 30 % 
Class 2 vs Class 
3 
Class 2 62% 14% 24% 
Class 3 54% 15 % 30% 
Total 59% 15 % 26 % 
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Results of animal study 

Histology of the rat liver tissue (n= 16) confIrmed that longer duration of exposure to CCL4 

was associated with more severe liver injury. The magic angle spinning (MAS) analysis showed 

the greatest separation of groups, followed by the water extraction and then the lipid extraction (see 

table 6.6). The greatest separation was seen for Class 3 versus Class 1, followed by Class 1 versus 

Class 2 and then Class 3 versus Class 2 for all three techniques. Figures 6.14 to 6.17 show scores 

plot for all three techniques. 

Table 6-6: Comparison of models in the animal study. 

Class separation Magic angle spinning Water extraction Lipid extraction 

R'Y QL RLy QL RLy Ql 

Class 3 versus 1 0.97 0.88 0.97 0.91 0.92 0.49 

Class 2 versus 1 0.96 0.67 0.92 0.68 0.77 0.22 

Class 2 versus 3 0.84 0.42 0.8 0.16 0.75 0.18 
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Figure 6-14: PLS DA scores plot of magic angle spinning 
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Figure 6-15: PLS DA scores plot of water extraction 
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Figure 6-16: PLS DA scores plot of lipid extraction 
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Identification of key mediators which alter with progression of fibrosis 

The next stage if the study was to identify key mediators that distinguished different stages 

of fibrosis in the clinical and animal model. Key mediators were identified using the Coefiicient CS 

values (as described in methods section). Table 6.7 and 6.8 show the identified mediators from the 

clinical and animal study. There appears to be associations between many of the key mediators 

identified. In both the clinical and animal study there are metabolites associated with glucose 

metabolism and more specifically gluconeogenesis (eg glycogen, glucose, lactate, citrate, acetate 

and alanine). There are also changes in choline or choline containing products in both studies. 

Some mediators also appear to be specific to either the clinical or animal study. For example 

changes in creatinine are only seen in the urine in the clinical study; in comparison the water 

extraction method in the animal study was dominated by essential amino-acids . 

. ~. '~" \,t", 
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Table 6-7: Key mediators in clinical study 

Putative Moderate Severe fibrosis Univariate 
Compound fibrosis analysis 
Urine 
3 P=O.03l 
hydroxybutyrate 
Alanine P=O.013 

Lactate P=O.Oll 

Creatinine P=O.OO4 

Taurine t P=O.069 

Serum 
3 I II P=O.OOI 
hydroxybutyrate 
Alanine P=O.047 

Citrate P<O.OOI 

Choline P=O.730 

Acetate P=O.OO6 

The arrows indicate the direction in which the metabolites contribute to the multivariate models. 

Single arrows represent changes relative to the "no fibrosis" model. Double arrows indicate 

alteration in signal of severe fibrosis relative to the moderate fibrosis group. 
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Table 6-8: Key mediators in animal study 

Early fibrosis Cirrhosis Univariate 
analysis 

MAS analysis 

Glycogen P=O.024 

GPCHO/Cho P=O.053 

Choline P=O.OO7 

Water 
Extraction 
Choline J P=O.022 

Glutamine J P=O.025 

Glucose 1 1 P=O.OO3 

Glutamate i P<O.OOI 

Valine I P=O.018 

Leucinellysine i P=O.l65 

Lipid extraction 
Phosphatidyl P=O.OOI 
choline 
Glycerol i ii P=O.OO8 

The arrows indicate the direction in which the metabolites contribute to the multivariate models. 

Single arrows represent changes relative to the "no fibrosis" model. Double arrows indicate 

alteration in signal of severe fibrosis relative to the moderate fibrosis group. 
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Translating the metabolic profile into a diagnostic algorithm for the clinical study 

To compare the "potential" of key mediators found in this study as a diagnostic, 

performance was compared to a validated panel maker test of liver fibrosis, the ELF panel. A 

diagnostic algorithm was produced for the Metabonomic panel (described in the methods section) 

using logistic regression of the key identified mediators (shown in table 6.7) from the serum 

(alanine, lactate, citrate, 3 hydroxybutyrate and choline) and urine (alanine, creatinine, lactate, 

taurine and 3 hydroxybutyrate). The variables serum alanine and serum citrate remained significant 

(p<0.1) after removal of the other mediators. The metabonomic algorithm is shown below: 

Metabonomic panel algorithm: 9.086 + 3.03 In (serum citrate) -In (serum alanine) 

This algorithm was used to distinguish different stages of fibrosis and compared to the ELF 

panel with AVC values shown in table 6.9 below. The data suggests improving performance of 

both panels in distinguishing more severe forms of fibrosis, consistent with findings in the earlier 

part of the thesis. The very small numbers in this study are reflected by the wide standard of error. 

Also the metabonomic panel was derived on this cohort and therefore this represents a training set 

AVC in comparison to the ELF which is a validation set AVC. This analysis is exploratory and 

although the improvement in AVC statistics at distinguishing no fibrosis from the rest is 

encouraging, external validation is required on much larger numbers. 

Table 6-9: Performance of metabonomic panel and ELF panel in distinguishing different 
stages of fibrosis 

Panel test No fibrosis versus the Mild fibrosis vs Moderate Cirrhosis vs the 
rest fibrosis rest 

FO vs F1I2/3/4 FOil vs F2/3/4 FO/1I2/3 vs F4 
ELF 0.76 +/- 0.07 0.84 +/- 0.07 0.95 +/- 0.03 
Metabonomic 0.86 +/- 0.05 0.85 +/- 0.06 0.94 +/- 0.04 
Panel 
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6.3 Discussion 

This study represents a metabonomic assessment of liver fibrosis in two distinct models of 

liver injury. A hypothesis free discovery approach was used to generate a pattern or "fingerprint" 

of metabolites that was not suspected prior to analysis. A pattern of metabolites was identified that 

appears to be associated with the presence of hepatic fibrosis. Furthermore, these signals appear to 

alter in early fibrosis and are associated with common metabolic pathways that are shared by both 

the clinical and animal models. Two very different models of liver fibrosis have been used to 

maximise the information obtained. This approach has significant power because the mechanisms 

and topography of injury are distinct, so the identification of metabolic pathways shared across the 

models are therefore more likely to be truly associated with fibrosis rather than being insult 

specific. 

The identified pattern in this study, appear to relate to gluconeogenesis rather than 

components of matrix metabolism (the association of mediators is shown in figure 6.17 below). An 

increase in gluconeogenesis has previously been shown to occur in cirrhosis but the current study 

indicates that this pattern may occur in very early fibrosis 168-171. The reduction in signal of alanine, 

in both the serum and urine, at an early stage of fibrosis is of relevance. Alanine is the primary 

amino-acid utilised for gluconeogenesis. Previous studies have demonstrated that patients with 

cirrhosis not only have reduced serum levels of alanine but also increased hepatic extraction as 

measured by catheterisation of the hepatic vasculature 170;172. There is also evidence that this occurs 

in an animal model of hepatocellular carcinoma, with increased hepatic transport of alanine 

occurring in animals with tumour compared to controls l73
• 
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Biological plausibility is further suggested by the emerging importance of insulin 

resistance in liver fibrosis. As gluconeogenesis is inhibited by insulin (and promoted by glucagon) 

it is conceivable that this may represent the underlying aetiology. Ketogenesis, is also promoted by 

glucagon and inhibited by insulin, and of interest 3-hydroxybutyrate (a major liver generated 

ketone) was found to increase in the blood and urine with increasing severity of fibrosis. A further 

factor promoting gluconeogenesis in severe disease would include reduced hepatic glycogen 

storage, a recognised consequence of cirrhosis. 

The role of nutrition in liver disease is being increasingly recognised as an important aspect 

of managing these patients (as discussed in chapter 1). The reduction in muscle mass is a 

recognised feature of cirrhosis. It is intriguing to speculate that the changes in creatinine seen in the 

clinical study reflect this process staring to occur at a much earlier stage than previously suspected. 

Evidence was also obtained to suggest that changes in cell membrane components (choline, 

glycerophosphorylcholine and phosphatydylcholine) are also characteristic of early fibrosis and are 

not limited to end stage disease which is associated with indices indicative of abnormal cell 

membrane compositions, such as a raised mean cell volume, spur cell anaemia and haemolysis 

174;175. There is also evidence that relative changes in phospholipid composition within cell 

membranes, including phosphatydylcholine, may influence the development of 

hepatocarcinogenesis 176. 

Alterations of metabolic signals have been found in other types of liver injury. For 

example, changes in energy metabolism, as evidenced by glycogen and glucose, disturbances have 

been demonstrated in animal models of acute liver injury 177;178. Moreover, similar changes in 

amino-acids, lactate, glycogen and glucose have been found in hepatic tissue of an animal model of 

liver fibrosis induced by thioacteamide, a hepatic and renal toxin 179. In a clinical study of acute 

liver failure, investigators found that raised serum glutamine (detected by NMR) predicted a poor 

outcome and hypothesised that this was related to excess ammonia 180. Different types of liver 

injury may therefore share similar metabolic perturbations. While this may not be useful to 

distinguish aetiology it may have potential in measuring severity of injury. 
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The choice of the optimal biofluid in metabonomic studies is yet to be determined. 

Theoretically, urine would be the preferred option as it is less invasive than a blood sample. 

However studies have suggested greater inter and intra variation in urine samples compared to 

plasma samples 181. The different dilutions of urine obtained from human participants and wider 

range of pH, in comparison to plasma, also pose technical difficulties. This is exemplified in this 

study by the fact that four urine samples were excluded because of being too dilute for analysis by 

IH_ NMR. A mitigating factor of analysing urine is the spectral profile of plasma is influenced by 

broad bands from protein and liopoprotein signals in contrast to urine where low molecular weight 

metabolites produce a greater number of sharp lines. The identification of mediators from both 

urine and serum is therefore encouraging and differences in metabolites, between the biofluids, will 

be influenced by both biology and nuances ofNMR spectroscopy. 

Whilst this study has revealed a perturbed pattern of metabolites it has not produced 

definitive diagnostic biomarkers. The metabolic panel, comprising of alanine and citrate, produced 

in the fmal analysis is essentially an illustration of the potential of this technology as a diagnostic. 

The small numbers make any algorithm derived by logistic regression analysis extremely difficult 

to interpret. It is likely that if this analysis was performed on a larger sample that different key 

mediators would emerge in the final algorithm. This raises the interesting question of whether 

metabonomics could be used directly for the diagnosis of liver disease. On the positive side, the 

technology is powerful as highlighted by the ability to distinguish a breadth of compounds ranging 

from lipids to amino acids. Furthermore the ability to quantify these mediators is extremely 

valuable. Whist the capital outlay for NMR equipment is expensive the throughput can be rapid 

with the potential of processing hundreds of samples per day in an automated fashion. Thus central 

NMR facilities could service a large geographical area. On the negative side, the diagnostic 

strength lies in its ability to detect small differences in a range of mediators and thus will inevitably 

result in more complex tests, associated with the need for more advanced statistical tools in the 

analysis and interpretation of data. The greatest weakness in metabonomics perhaps lies in the 

influence of environmental factors such as diet, diurnal variation and medications on 
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metabonomics. Whilst one of the strengths of this study was to try and control for these factors, for 

a general diagnostic this would be extremely impractical. 

An alternative application of metabonomics may be to highlight pathways that are 

important in disease. Exploration of these pathways may then allow the identification of 

biomarkers that can be detected by more "pragmatic" technologies such as ELISA. More 

importantly, this technology may reveal potential therapeutic targets and have the ability to detect 

early response to potential pharmacological intervention. A really exciting potential of 

metabonomics is in the area of prognostic modelling. If metabolic profiles can be created for liver 

disease, prognosis could be ascertained with greater certainty. For example, having a certain 

metabonomic profile may predispose to a very low risk of subsequent fibrosis and therefore the 

decision to treat may be delayed. The metabonomic profile could then be measured regularly and if 

the individual was found to be deviating away from this profile to another profile with a higher risk 

of fibrosis, the decision to treat reconsidered. In this way treatment and prognosis decisions would 

be individually tailored but based on models derived from the general "disease population". For 

this to be successful, large cohort data with hard clinical end points would need to be collected. 

Designed to test proof of concept, this study has a number of limitations. It does not 

address cause and effect with respect to the identified metabolic pathways. Thus the changes could 

be a functional consequence of fibrosis or contribute to fibrosis. Furthermore, metabolic pathways 

such as gluconeogenesis are dynamic, and this study is measuring mediators at a cross sectional 

time point. To address these issues longitudinal studies would need to be performed. Parallel work 

in animal models would aid the understanding of pathophysiological mechanisms, particularly if 

key metabolites can be manipulated. The total numbers in the study are small and there is a danger 

of type 1 and type 2 statistical errors. Although internal validation of the models has been 

performed, external validation using independent data sets is required to substantiate the findings. 

The generalisability of the findings in this study is uncertain and the effect of diet, concurrent 

medical conditions and medication will need to be examined carefully. The absence of paired 

hepatic tissue and blood/urine from the same species makes comparisons between different 

biofluids more difficult. This was not undertaken because of cost implications for the study but will 
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need to be considered for future work. Finally, some of the key mediators remain unidentified and 

this will require further work to see if they are intermediates of the suspected pathways or represent 

new pathways. 

In conclusion this is a small study but there appears to be a pattern of metabolites which 

alter at an early stage of fibrosis. Whilst this does not represent a definitive diagnostic tool it may 

serve as a method to highlight critical pathways. Exploration of these pathways may yield a) 

diagnostic markers that can be readily obtained by simple technology b) therapeutic targets that can 

be exploited for future anti fibrotic treatment. 
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Chapter 7 . Discussion 

7.1 Findings and implications from the thesis 

The systematic reviews highlighted the breadth of serum markers that are potentially 

available for the diagnosis ofliver fibrosis. In NAFLD the majority of studies have concentrated on 

elucidating single variables associated with severe fibrosis. This is in contrast to CRC where the 

tests have evolved into panel marker tests with finalised diagnostic algorithms. A number of key 

issues emerged from the systematic reviews. Firstly, there the key end points of distinguishing 

stages of fibrosis tended to be moderate (CRC) or severe fibrosis (NAFLD). The performance of 

the markers was greatest at distinguishing or excluding severe disease. Secondly, some of the 

diagnostic statistics are limited in their translation into clinical practice. Thirdly, the dependence on 

the liver biopsy; an invasive and imperfect reference test for the development of non-invasive 

markers. 

The systematic reviews provided a platform for the remaining thesis. The performance of 

serum markers was explored at different end points of fibrosis in NAFLD. Simple markers, 

identified in the systematic review, were combined with the ELF panel marker test and found to 

improve diagnostic performance. The clinical utility model was used to demonstrate how 

diagnostic tests could be used in current clinical practice. 

The final part of the thesis explored how a technology platform, metabonomics, could aid 

the development of diagnostic markers in hepatitis C. In this novel, prospective study stages of 

fibrosis were associated with different metabolic profiles. 

During the thesis common themes have arisen and these issues are discussed below in 

greater detail. 
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7.2 What are the key stages of fibrosis? 

A fundamental issue of all diagnostic tests is what end points need to be distinguished? In 

liver fibrosis, the stages of fibrosis that are chosen often relate to treatment initiation points. This is 

exemplified by the diagnostic literature in chronic hepatitis C. At the start of this thesis, treatment 

guidelines for antiviral therapy were based on demonstrating moderate disease on liver biopsy 182. 

The vast majority of studies in the HCV systematic review concentrated on distinguishing minimal 

fibrosis (Metavir stages FOil) from moderate fibrosis (Metavir stages F2/3/4). The basis of this end 

point was a consensus statement made, in the context of treating patients with CHC, by the 

European Association of the study of Liver Disaese (EASL)183. During this thesis, national 

guidelines have changes because of strong evidence that treating early disease in CHC is cost 

effective 47. Thus, within the context ofCHC one might expect new diagnostic studies to emerge, 

concentrating on distinguishing no disease from any fibrosis. 

The fact that the end points for diagnostic studies are based on treatment decisions does 

have some logic. Currently, there is no specific treatment for fibrosis per se and therefore 

management strategies are centred on treating the underlying insult and identifying severe disease 

for stratification into surveillance programmes. Furthermore, as the liver biopsy is an invasive test, 

it adds ethical considerations as to which patient should be recruited into potential diagnostic 

studies. However, there are some disadvantages with this process. Firstly, treatment options are 

dynamic. In NAFLD, there is no definitive treatment for the underlying condition but it is likely 

these will emerge in the near future. Secondly, even when treatment exists, guidelines will change 

with emerging evidence as illustrated above. This creates a potential lag time between treatment 

strategies and diagnostic tools to aid implementation. Finally, and perhaps more importantly, there 

are strong reasons why the diagnosis of liver fibrosis is important independent of treatment options. 

As discussed in chapter I, the true prevalence of liver fibrosis and cirrhosis are unknown because 

of the asymptomatic nature of these conditions and the ethical considerations of using the liver 
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biopsy to ascertain epidemiological data. Having accurate "population" epidemiology will aid the 

planning of health care for the complications of liver disease. 

7.3 Diagnostic tests and clinical utility 

The thesis revealed a wide range of diagnostic statistics that are used to assess diagnostic 

tests. These range from sensitivity, specificity, predictive values, likelihood ratios, diagnostic odds 

ratios and receiver operator curves. The statistical merit of these parameters is not in doubt. 

However a recurrent theme throughout the thesis was the translation of these different statistics into 

clinical practice. The ROC statistic is the standard diagnostic test adopted by the majority of 

studies. It is a summary statistic and reflects the overall performance of the test across all 

thresholds. Whilst it produces a numerical value it lacks clinical "tangibility". Furthermore, it is 

unclear whether an increase of an AUC from 0.70 to 0.72, for example, confers pragmatic 

diagnostic benefit in clinical practice. The Clinical Utility model developed in chapter 3, in the 

context of the CHC systematic review, attempts to put some context of diagnostic tests within 

clinical practice. Clinicians use diagnostic tests to "rule in disease" or "rule out disease". The use 

of extreme thresholds to minimise false positives and false negatives gives the clinician confidence 

that they are not inappropriately intervening or denying intervention to the test population. In the 

context ofliver fibrosis, currently this intervention may range from treatment (any fibrosis in 

CHC), life style advice (any fibrosis in NAFLD) or surveillance for the complications of liver 

disease (cirrhosis). 

Choosing the acceptable "error rate" in liver fibrosis is more complicated than other 

diseases because firstly there is no specific treatment for fibrosis and secondly the implications of 

missing fibrosis may take years to manifest. In this thesis, conservative thresholds were chosen, to 

keep the error rate to 10 %. However this error rate may be inappropriately too high or low. 

Therefore how can one determine what error rate is acceptable? A national postal survey to all 

clinicians managing patients with liver fibrosis may have been one possible strategy to evaluated 

unacceptable "error rates". A major problem with this is the unpredictable response rates 
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associated with postal surveys. Framing the question and making it context specific can improve 

the quality of information gathered. However if a good response rate is not achieved there may be a 

danger of response bias and unrepresentative views. Whilst this may give information of the range 

of error rate it is difficult to know if this truly reflects practice of the majority. Alternatively, using 

a Delphi method is a method of obtaining consensus opinion. A panel of experts is approached with 

specific questions about a topic. Several rounds of iteration occur, in which experts are shown each 

others responses, with the final goal of obtaining consensus. If a wide range of experts are included 

the findings will have more weight but it is potentially more difficult to reach agreement. The 

difficulties of the process in this topic are illustrated by a recent Delphi survey amongst Italian 

gastroenterologists 184. This survey addressed the question ofthe role of the liver biopsy in HCV. 

108 expert opinions were invited to make judgements on 12 clinical scenarios. The first interesting 

observation from this survey was that the response rate was 57 % for the first round and fell to 36 

% for the second round. Furthermore there was wide divergence of opinion about which patients 

should undergo liver biopsy in the scenarios not governed by treatment guidelines. Crucially this 

was not resolved after the final round of iteration. 

Diagnostic tests are often used in a complex manner in clinical practice. In essence they are 

used to increase or decrease the pre-test probability of having a certain condition. The pre-test 

probability is largely based on the prevalence of disease in that clinical setting. However other 

diagnostic tools, such as patient history, clinical examination, baseline blood tests and radiology, 

will also affect the pre test probability of any subsequent test. The influence of the initial diagnostic 

tools will vary depending on the clinician and the setting. An experienced hepatologist, with access 

to specialist radiology in a liver centre, may have different requirements form a non-invasive serum 

test compared to a junior clinician in a district general hospital. Thus although the majority of 

clinicians will choose thresholds near the extremes of the test rather than the middle, there will be 

some variability on the precise threshold and the associated error rate. Therefore presenting a range 

of error rates for diagnostic tests could maintain clinical applicability whilst retaining flexibility. 

One method of trying to distinguish the spectrum of error rates would be to have focussed 

workshops with different users of a potential diagnostic test (hepatologists, gastroenterologists, 
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primary care physicans and junior clinicians). Furthermore, by incorporating the other parameters 

(clinical signs, simple biochemistry, haematology and radiology) into clinical scenarios a better 

understanding of the contribution of non-invasive markers could be made. 

7.4 The liver biopsy 

The liver biopsy is a valuable diagnostic tool. It provides a breadth of information which is 

important in ascertaining disease aetiology, pathophysiological mechanisms of disease and duration 

of injury. Non-invasive markers cannot provide this range of information and thus the liver biopsy 

will always have a role in the diagnosis ofliver disease. For the specific purpose of assessing liver 

fibrosis there are limitations which have recurred during this thesis. Firstly, it is an invasive test. 

This has a major influence on the design of diagnostic studies as previously discussed as there is 

probable verification bias. Secondly, there is uncertainty about how accurately information from 

the biopsy truly reflects fibrosis in the liver because of a) sampling error and b) variation in the 

interpretation of liver biopsies within and between pathologists and c) the constraints of using a 

categorical scoring system for measuring a dynamic, continuous process. 

The length of biopsy has been shown to be an important factor for the assessment of liver 

fibrosis. Bedossa et al showed using image analysis that fibrosis heterogeneity had a coefficient of 

variation in the following lengths of liver biopsy: 55 % for 15 tum, 45 % in 25 tum and 30 % in 

100 tum 87. In the same study classification could be improved by increasing the liver biopsy from 

15 tum (65 % correct classification) to 25 tum (75 % correct classification). One solution would be 

to prospectively recruit participants for diagnostic studies with large biopsies (>25 mm). This is 

more difficult in practice because many centres now obtain biopsies under radiological guidance 

and there is a perceived risk that larger biopsies are associated with a greater number of 

complications (there is no published evidence to support this perception). An alternative strategy 

has been to differentiate biopsies on size using a methodology called discordant analysis 185;186. 

Biopsies that are "inadequate", smaller than 10 tum in length or contain less than 5 portal tracts, are 

classified as discordant if not in agreement with the non-invasive biochemical test. Ifthere is a 
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known cause for biochemical failure, eg haemolysis of the sample, this is classified as biochemical 

failure but any remaining discordance is classed as a biopsy failure. The obvious limitation with 

this analysis is that if a biopsy is below 10 mm, it may have an increased probability of being 

inaccurate but cannot be definitively assumed to be. Furthermore, if the small biopsy below 10mm 

and non-invasive marker are in agreement (i.e. concordant) there is the possibility that they are 

both wrong. Simply excluding very small biopsies may not be a solution as there is evidence that 

length of the biopsy decreases (associated with an increased number of fragments) with increasing 

disease severity 187; hence a danger of selection bias. 

The quantification of fibrosis using scoring systems presents a number of problems. Many 

of these scoring systems were developed for assessing response to treatment in the context of 

chronic hepatitis C (eg Metavir, scheuer, Ishak and knodell) and have subsequently been adapted 

for other diseases as well as being adopted for diagnostic studies. The scores are semi quantitative 

descriptors but non-invasive markers are often continuous scores. To address this discrepancy there 

have been work looking at quantifYing fibrosis using automated morphometry 188;189. Liver biopsies 

are scored for the quantity of fibrosis using digital analysers and computer packages. There are 

some technical issues with analysers being very sensitive to the staining material used and variation 

of readings between the same liver core of tissue. Moreover whilst the quantity of fibrosis detected 

at morphometry correlates to the stages of fibrosis, importantly there is not a liner relationship. For 

example the progression from no fibrosis (Ishak stage 0) to bridging fibrosis (Ishak stage 4) to 

cirrhosis (Ishak stage 6) is associated with fibrosis measurements of 1.9 %, 13.7 %, and 27.8 % 

respectively 190. This suggests that not only is the quantity of fibrosis important for staging of 

fibrosis but also the distribution of fibrosis, architectural disturbance and vascular involvement. 

Thus in the example above, the progression form stage 0 to stage 4 in Ishak may only be associated 

with an increase in approximately 12 % of fibrosis but the connection of fibrotic tissue between the 

portal tract and central vein (with the associated angiogenesis and subsequent shunting of blood) is 

what determines functional and prognostic information. As technology continues to develop, 

incorporating topography and quantity of fibrosis, it may increase the value of this automated 

technology. Importantly, sampling bias of the biopsy will still remain an issue. 
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Therefore if the liver biopsy has limitations as a reference standard what alternative 

reference standards exist? Severity of fibrosis on liver biopsy has been shown to predict 

progression to cirrhosis 84. Recently Neal at al presented evidence that liver fibrosis is an 

independent predictor of liver related mortality in a long term cohort of approximately 3,000 

patients with eHe 191. Therefore as histology is a surrogate of clinical outcome measures there is 

logic to measure performance of non-invasive markers against clinical outcome directly. An issue 

with planning and performing these "direct" diagnostic studies is the complications of liver disease 

take time to develop and therefore they need to be conducted over a period of time. Nonetheless 

such studies are starting to emerge. Poynard et al examined the Fibrotest at baseline in predicting 

clinical outcomes at 5 years. They showed that the AVe of fibrotest was 0.96 for predicting death 

(AVe of biopsy 0.87) and 0.96 for the complications of disease (AVe of biopsy 0.91)192. 

7.5 Biological plausibility of serum markers 

Serum markers are thought to be measures (directly or indirectly) of structure or function. 

Some of the non-invasive markers have direct functional relevance. Albumin and platelets, which 

emerged as simple markers in the NAFLD systematic review, are markers of hepatic function and it 

is intuitive they are associated with severe fibrosis. The ELF panel constituents, hyaluronic acid, 

TIMP 1 and PIIINP are thought of as direct markers of matrix deposition and thus a measure of 

structure. However they may be measuring both structure and function. For example, within 

cirrhosis some patients will have active disease with increased matrix deposition but others will 

have relatively inactive disease. The ELF panel has an extremely high diagnostic accuracy for the 

detection of the majority of cases with cirrhosis. It is conceivable that within the patients with 

"inactive disease" matrix production is still high, but net matrix deposition is minimal because of 

equivalent matrix degradation. However, it is intriguing to speculate these markers may also reflect 

the functional consequences of cirrhosis because of reduced extraction of the markers due to 

intrahepatic shunting secondary to "capillarisation" of the sinusoids. 
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The potential to measure functional parameters of the liver is of enormous relevance as this 

will be an important determinant of prognosis. A suggestion from the metabonomics study is that 

this technology is measuring a functional signature of the liver. Moreover, a unifying theme from 

the NAFLD and HCV parts of the thesis is the association of insulin resistance and liver fibrosis. A 

. cause of this insulin resistance in HCV may be related to the virus itself, in particular genotype 3 

193, or the underlying metabolic determinants 194. Additionally, there is in vitro evidence that 

hyperinsulinaemia directly stimulates hepatic stellate cell to upregulate mediators of fibrosis 195. 

However could the presence of fibrosis per se accentuate insulin resistance? It is well recognised 

that liver cirrhosis can precede the development of insulin resistance in a variety of aetiologies 196. 

The mechanisms of this remain to be determined but there is interest in the role of insulin like 

growth factors (IGFs). IGFs have been shown to a) counteract the effects of insulin resistance and 

b) reduce insulin secretion 197;198. The major source of this hormone is from hepatocytes 199 and 

lower levels ofIGF-l have been found in advanced fibrosis and cirrhosis2
oo;201. Therefore a 

conceivable hypothesis is that insulin resistance and liver fibrosis propagate one another. This may 

be one explanation of why measures of insulin resistance are common in non-invasive markers of 

liver disease; they may signify both the aetiology and consequence of fibrosis. Carefully designed, 

prospective studies are needed to resolve the issue of biological cause and effect but the lack of this 

knowledge does not necessarily detract from using these measures as a diagnostic. 

7.6 Strengths and limitations of the thesis 

The strengths of the thesis lay in the breadth of work that was undertaken in exploring 

diagnostic tests in liver fibrosis. This included a detailed examination of the literature and then 

using these findings to influence the planning and analysis of the subsequent primary research. The 

exploration of different models of fibrosis enabled common aspects of fibrosis to be highlighted 

whilst also identifying nuances of individual disease aetiologies. A wide range of statistical 

analyses have been employed, and attempts have been made to give statistical measures context in 
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clinical practice. Using two very different diagnostic tests, serum panel markers and 

metabonomics, has focussed the relevant advantages and disadvantages of not only the 

technologies but also the conceptual idea of hypothesis driven versus hypothesis generating 

research. 

Two major aetiological diseases were chosen to exemplify the diagnosis of liver fibrosis, 

HeV and NAFLD. A limitation of this thesis is other aetiologies ofliver disease have not been 

studied, in particular alcohol, because of time constraints. There are similarities between alcohol 

and non-alcoholic liver disease in the histological distribution of fibrosis. The treatment for 

alcoholic liver disease is abstinence and therefore a spectrum of end-points that clinicians wish to 

measure may be similar to NAFLD eg any fibrosis (using the diagnostic as a therapeutic) or severe 

fibrosis (for surveillance of complications). However there are also important caveats within 

alcoholic liver disease. Distinguishing alcoholic hepatitis is of particular relevance because of the 

existence of pharmacological treatment for this entity. It is noticeable the diagnostic literature in 

alcohol concentrates on both non-invasive markers for the histological complications of alcoholic 

liver disease (steatosis, necroinflammation and fibrosis) in addition to prognostic models centred 

on alcoholic hepatitis per se 202;203 • Thus whilst broad findings about diagnostic tests may be 

applicable to all aetiologies of liver disease, there are idiosyncrasies within individual diseases 

which makes extrapolation more difficult. 

This thesis did not examine the role of non-invasive markers for the diagnosis of 

necroinflammation and steatosis in NAFLD and Hev. Inflammation and fibrosis are linked by 

similar immunological pathways and therefore it is likely that common markers will exist for these 

separate histological conditions. Moreover, it has been shown that necroinflammation on the index 

liver biopsy in Hev predicts future liver fibrosis 204. Some diagnostic studies have developed non

invasive markers for a score combining necroinflammation and fibrosis 101. However this implies 

fibrosis with no inflammation which is unintuitive. Separate non-invasive may therefore be needed 

for clinically relevant pathological entities and there needs to be flexibility of which stages of 

disease are diagnosed, not only within fibrosis but also between fibrosis, inflammation and 

steatosis. 
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In the HCV and NAFLD studies novel diagnostic algorithms were produced. However the 

relatively small sample size from which they were derived and absence of external validation limits 

the assessment of their diagnostic potential. The strict inclusion and exclusion criteria in the 

metabonomics study, whilst important for reasons detailed earlier, limits the generalisability of the 

findings. 

7.7 Improving non-invasive tests and further work 

There are a number of ways in which diagnostic tests can be improved. Combining existing 

serum marker panels or using them in a step wise fashion is one possibility. Sebastiani et al 

combined two panel tests in a serial manner, APRI test on all subjects and then Fibrotest on any 

"unclassified" patients 205. They suggest that the number ofliver biopsies using this method can be 

reduced by 50 % whilst retaining 94 % accuracy (using fibrotest alone they calculated 43 % of liver 

biopsies could be avoided). The benefit of combining algorithms (7 % of avoided biopsies) is 

obviously balanced by any additional cost and increased complexity. 

The use of imaging to assess fibrosis has many attractions. It potentially allows the whole 

organ to be sampled, thus avoiding many of the sampling error issues. Traditional imaging using, 

as discussed in the introduction, has been disappointing for the diagnosis of liver fibrosis. Novel 

techniques have started to emerge and show promise. Microbubble ultrasound, assesses hepatic 

vein transit time and there is evidence that this changes in clinically relevant stages of fibrosis 206. 

Transient elastography (TE) is a method of generating an elastic shear wave across the liver; reliant 

on the hypothesis that increasing fibrosis reduces elasticity of the liver so that in more severe 

disease there is increased "stiffuess" resulting in greater velocity of the propagated wave. There 

have been studies in a range of disease aetiologies 207. There are issues of reproducibility and 

technical difficu~ties, for example an increased BMI has implications for the acquisition of data 

using TE. However the potential to combine imaging techniques and serum may be fruitful 

particularly if they are measuring different aspects of structure and function. Recently TE has been 
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combined with a serum panel marker test in CHC with an AUC of 0.88 for detecting moderate 

fibrosis 208. Further validation of combined imaging and serum marker tests are awaited. 

Using novel technology platforms is a powerful mechanism for exploring liver fibrosis, as 

illustrated by metabonomics. There have been studies in genomics 209, proteomics 210 and 

glycomics 211 which have created diagnostic algorithms for liver fibrosis. An issue with these 

technologies, as discussed with metabonomics, are the practical and cost implications of these tests. 

However having a range of diagnostic tests, including the liver biopsy, will give clinicians and 

researchers a greater number of tools depending on the context of the test. A simple, reproducible, 

cheap test mayan attractive option in the community to screen for liver fibrosis but a combination 

of tests, including imaging, biopsy and "omics" may be required to assess suitability and response 

to potential antifibrotic agents. 

The initial aims of any further work would be to validate the findings from the thesis in 

independent cohorts. Testing the algorithms created in the NAFLD study on cohorts with a 

spectrum of fibrosis in differing clinical settings would also be valuable. The metabonomics study 

has generated a number of hypotheses which need to be tested. Are changes in glucose metabolism 

a result of fibrosis, causing fibrosis or both? Will pharmacological intervention reverse these 

changes and can metabonomics detect these changes at an earlier stage than serum markers or 

histology? Can metabonomics be translated into more pragmatic diagnostic tests? The mechanistic 

questions will require longitudinal studies and parallel work in animal and human models. To 

determine the practical and generalisability issues further studies enrolling broader groups of 

patients with fewer restrictions, on environmental factors such as diet and medication, are required. 

The limitations of the liver biopsy suggest using an alternative reference standard. As 

histology is simply a surrogate for clinical outcome measures, the obvious solution is to compare 

biomarkers directly with clinical outcome measures. The lag time between the complications of 

disease and fibrosis will be an issue. Initial studies could concentrate on severe disease, i.e. enrol 

patients with cirrhosis only and then follow up with serial measurement of biomarkers until 

complications ensue. 
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7.8 Overall conclusions 

The diagnosis of liver fibrosis using non-invasive biofluids is important for 

epidemiological, prognostic, therapeutic, pragmatic and economical reasons. Currently, serum non

invasive markers are at different stages in NAFLD and CRC but are gradually evolving into panel 

marker tests demonstrating current clinical utility. Metabonomics is an exciting technology, 

offering an alternative approach, and further work is needed to verify if this can be translated into 

diagnostic benefit or aid therapeutic development. Continuing to improve the accuracy and 

spectrum of diagnosis of non-invasive markers will increase the application of these tests in routine 

clinical practice. 
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Appendix 1 : staging systems for classification of fibrosis 

SCORING 
SYSTEM 
METAVIR 

SCHEUER 

ISHAK 

STAGE DESCRIPTION 

o No fibrosis. 

1 Stellate enlargement of portal tracts but without septa formation. 

2 Enlargement of portal tracts with rare septa formation. 

3 Numerous septa without cirrhosis. 

4 Cirrhosis. 

o None. 

1 Enlarged, fibrotic portal tracts. 

2 Periportal or portal-portal septa but intact architecture. 

3 Fibrosis with architectural distortion but no obvious cirrhosis. 

4 Probable or definite cirrhosis. 

o No fibrosis. 

1 Fibrous expansion of some portal areas, +/- short fibrous septa. 

2 Fibrous expansion of most portal areas, +/- short fibrous septa. 

3 Fibrous expansion of most portal areas with occasional portal to 
portal (P-P) bridging. 

4 Fibrous expansion of portal areas with marked bridging ((P-P) as 
well as portal to central (P-C)). 

5 Marked bridging (P-P and/or P-C) with occasional nodules 
(incomplete cirrhosis). 

6 Cirrhosis, probable or definite. 
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Appendix 2: M~dline search strategy for HCV SR 

1. serum markers.mp. or exp Biological Markers/ 

2. limit 1 to (human and english language and yr-1990) 

3. YKL 40.mp. 

4. exp LAMINlN/ 

5. (MMP-2 or TIMP 1).mp. 

6. PIIINP .mp. 

7. hyaluron$.mp. 

8. (MMP$ or TIMP$ or typeS collagen).mp. [mp=title, original title, abstract, name of substance, 

mesh subject heading] 

9. (tenascin or $globulin).mp. [mp=title, original title, abstract, name of substance, mesh subject 

heading] 

10. non-invasive marker.mp. 

11. 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 

12. aspartate transaminase.mp. [mp=title, original title, abstract, name of substance, mesh subject 

heading] 

13. alanine transferase.mp. [mp=title, original title, abstract, name of substance, mesh subject 

heading] 

14. aminotransferase.lllP. [mp=title, original title, abstract, name of substance, mesh subject 

heading] 

15. (ALT or AST).mp. [mp=title, original title, abstract, name of substance, mesh subject heading] 

16. liver fibrosis marker.mp. [mp=title, original title, abstract, name of substance, mesh subject 

heading] 

17. 12 or 13 or 14 or 15 or 16 

18. 11 or 17 

19. exp "PREDICTIVE VALUE OF TESTS"/ 

20. (receiver operat$ adj2 curve).ab,ti. 

154 



21. (prognos$ or predict$ or course$).mp. [mp=title, original title, abstract, name of substance, 

mesh subject heading] 

22. diagnostic test.mp. 

23. exp MORTALITY/ 

24. exp ROC Curve/ 

25. exp "Sensitivity and Specificity"/ 

26. exp Follow-Up Studies/ 

27. 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 

28. 18 or 27 

29. limit 28 to (human and english language and all adult <19 plus years> and yr=1980-2004) 
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Appendix 3 : QUADAS Tool 

Item 

1. Was the spectrum of patients representative of the patients who will receive the test in 
practice? 

2. Were selection criteria clearly described? 

3. Is the reference standard likely to classify the target condition correctly? 

4. Is the time period between reference test and index test short enough to be reasonably sure 
that the target condition did not change between the two tests? 

5. Did the whole sample or a random selection of the sample receive verification using a 
reference standard of diagnosis? 

6. Did patients receive the same reference standard regardless of index test result? 

7. Was the reference standard independent of the index test (i.e. the index test did not form 
part of the reference standard)? 

8a. Was the execution of the index test described in sufficient detail to permit its replication? 

8b. Was the execution of the reference standard described in sufficient detail to permit its 
replication 

9a. Were the index test results interpreted without knowledge of the results of the reference 
standard? 

10 Were the same clinical data available when test results were interpreted as would be 
available when the test is used in clinical practice? 

11 Were uninterpretable lintermediate test results reported? 

12. Were withdrawals from the study explained? 
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Additional questions were posed in the context of this review: 

13a. Was the composition of the panels of serum markers reported in full? 

13b. Was any formula derived for the panel of serum markers reported in full? 

14. Was there validation in a separate cohort of patients of the panel of serum markers performance 

~": 

'\ 
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Appendix 4 : Results of QUADAS tool in HCV SR 

. - --- - . - - - - - - - --~- -~ ~- ~. 

Ref! Verific Data 
formula 

Rep 
index With 

Ref/ 
Ref Index Ref Same Index 

Of 
Valid 

sample Select Ref Test Verifi Index Results Withdrawal Index 
Author: 

criter: Approp: 
Test Same 

Tests 
Test Test Test as 

Report: explained: 
tests: 

Score 
Of 

Time 
c 

Ref Reprod: Blind Blind: in comp.** 
Indep: 

score: 
Short: Test: practice 

~ ~ -.--~ ~ ~ ~ ~~ 

Imbert- Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all yes yes no Yes 
Bismut ref* 

Poynard Yes Yes Yes yes yes yes Yes unclear yes yes nla yes - not all yes yes no No 
ref 

Wai Yes Yes Yes yes yes yes Yes unclear yes yes nla yes - not all no yes yes yes 
ref 

Leroy Yes Yes Yes yes yes yes Yes unclear yes yes nla yes - not all yes yes yes No 
ref 

Sud Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all yes yes yes Yes 
ref 

Rossi Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all no yes no Yes 
ref 

Forns Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all yes yes no Yes 
ref 

El- Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all yes yes no No 
Shorgaby ref 

Thabut Yes Yes Yes yes yes yes Yes unclear yes yes nla yes- not all no yes no Yes 
ref 

Calvez Yes yes Yes yes yes yes Yes unclear yes yes nla yes- not all no yes no Yes 
- ---- ---- - -- - - .~- .- . : -.-- .-- ---- -~- --' 
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i-----! 
!Pate1 IYes Yes /Yes 

I 

yes yes yes 

iRosenberg IYes Yes IYes yes yes yes 

jKaul IYes Yes IYes yes yes yes 

Yes lunclear Iyes yes n/a 

Yes unclear Iyes IY~; In/a 

Yes unclearlyes yes In/a 

ref 

yes- not all !yes 
ref 

yes no Yes 

I~::- not ~ii I)'es---F~~-----r---iY es i 

i 
IFortunato IYes lYes jYes 1yes jyes Iyes jYes lunclear 'r-rra--~~:-notry-----" jyes _~ es _J 
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Appendix 5 : Search strategy for NAFLD SR 

1. *Hyperlipidemia/ or *Hypertriglyceridemia/ or *Metabolic Syndrome XI or *Obesity/ or 

*Insulin Resistance/ or *Diabetes Mellitus, Type 2/ or metabolic .syndrome.mp. or *Hypertension/ 

2. fatty liver.mp. or exp Fatty Liver/ 

3. NAFLD.mp. 

4. NASH.mp. 

5. steatohepatitis.mp. 

6. steatosis.mp. 

7. non-alcoholic.mp. 

8. 1 or 2 or 3 or 4 or 5 or 6 or 7 

9. fibrosis.mp. 

10. cirrhosis.mp. 

11. $hepatitis.mp. 

12. steatosis.mp. [mp=title, original title, abstract, name of substance word, subject heading word] 

13. inflammation.mp. 

14. 9 or 10 or 11 or 12 or 13 

15. serum markers.mp. or exp Biological Markers/ 

16. diagnosis/ or "diagnostic techniques and procedures"/ or "laboratory techniques and 

procedures "/ 

17. $invasive.mp. 

18. exp Liver Function Tests/ 

19. exp DIAGNOSTIC IMAGING/ 

20. predict$.mp. 

21. marker$.mp. 

22. surrogate.mp. 

23. 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 
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24.8 and 14 and 23 

25. limit 24 to (humans and english language) 

26. limit 25 to "all adult (19 plus years)" 
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Appendix 6 : Results of QUADAS tool in NAFLD SR 

Author Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9a Q9b QI0 Qll Q12 Q13a Q13b Q14 
Rep Select Ref Test Ref/index Verific Verific Ref/Index Ref Test Inde Ref Data Results Withdra- Index Index Valid 

,; ~ sample Criter Approp test time with tests Reprod Test Test same report wa1 tests Score of 
short same Ref Indep Blind Blind as in explained comp score 

Test pract 
Angulo Yes Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes nla no 
Rosenberg Yes Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes No Yes Yes Yes Yes 
Sakugawa Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes No Yes Yes nla No 
Albano Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla No 
Mofrad No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes nla nla 
Shimada Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Dixon No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes No 
Beymer No Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes nla nla 
Bugianesi Yes Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes nla nla 
Dixon No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Hui Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes yes nla nla 
Guidorizzi Yes Yes Yes Yes Yes yes Yes Unclear Yes Yes Yes Yes No Yes nla nla 
Suzuki Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No 
Angulo No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Marchesini Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Hashimoto Yes Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes nla nla . 
Ong No No Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Ledinghen Yes Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes nla nla 
Ratziu No Yes Yes Yes Yes Yes Yes unclear Yes Yes Yes Yes Yes Yes Yes no 
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Sorrentino No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Crespo No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Fierbinteanu- Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes No 
Braticevici 
Loguercio Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Santos No Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Yesilova Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Koruk Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes nla nla 
Hartleb Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes nla nla 
Chitturi Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes nla nla nla 
Brunt No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes nla nla nla 

-----
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Appendix 7 : SOP of ELF 

Equipment used 
Siemens Diagnostics Immuno 1 immunoanalyser 
Sample cups 
Pipette (200)!1 and 1000)!1) 
Sterile, filter pipettes and tips 

Reagents (see MSDS for further safety details) 
Deionised water 
Aseptol (2% solution) 

ELF assay reagents (HA, TIMP-l and P3NP) 

Cuvette wash 1 
Cuvette wash 2 
IMP wash 
Reagent probe fluid 
Sample probe fluid 
Substrate 
Substrate diluent 
mIMP buffer 
mIMP 

Controls 
HA low (50 ng/ml) stored at 4-8°C as a lyophilised powder 
HA medium (200 ng/ml) stored at 4-8°C as a lyophilised powder 
HA high (600 ng/ml) stored at 4-8°C as a lyophilised powder 
TIMP-1 (low) 500 ng/ml) stored at 4-8°C as a lyophilised powder 
TIMP-l (high) 1000 ng/ml) stored at 4-8°C as a lyophilised powder 
P3NP low (7.0 ng/ml) stored at 4-8°C as a lyophilised powder 
P3NP high (70ng/ml) stored at 4-8°C as a lyophilised powder 

Reagent preparation and use 
The following reagents require preparation. Before carrying out any preparation, check the amounts 
loaded on the Immuno 1 to see if further preparations are required. 
NOTE: for the substrate, 3x the sample number will be required to carry out the full panel of 
markers. 

Generic reagents 
Substrate 
Add the entire contents ofthe substrate diluent to the substrate reagent bottle, mix gently (invert a 
couple of times) and leave at room temperature for 5 minutes to ensure full solubilisation (with 
occasional mixing). 
Pour the entire contents into a new substrate tower (through the top hole, replacing the bung). Then 
remove the lower bung and load onto the Immuno 1. 
Go to the "REAGENT" page and enter "N" in the relevant position (under "PDT") and press 
"ENTER" to load the new reagent which will appear as "175" reactions left. 
Ensure the substrate is kept either on the Immuno 1 or in a fridge and in the dark once solubilised. 
Prepared substrate can be used for up to 1 week. 
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ELF specific reagents 

HA reagents 1 and 2 
Remove from the fridge HA reagents 1 and 2 (brown, glass bottles) sufficient for the number of 
samples to be analysed. 
Leave at room temperature for 15 min 
Reconstitute each in 8ml deionised water 
Leave for 30 min on bench (mix occasionally) 
Pipette into reagent tower (ensure the reagent goes in the correct compartment) 
Put in fridge to chill (10 min) 
Ensure prepared HA reagents are stored either on the Immuno 1 or in a fridge 
Prepared reagent can be used for up to 3 days 
Go to loading fibrosis reagents (see below) 

Quality controls 
Remove from the fridge QC samples: 
HA Low (50) / Medium (200) / High (600) 
TIMP-l Low (500) / High (1000) 
P3NP Low (7) / High (70) 
Reconstitute each in 2 ml deionised water 
Leave on bench for 15 min (mix occasionally) 
Keep all QC samples in the fridge when prepared (for up to 7 days) 

Other reagents 
All the remaining reagents are ready to use and require no preparation. Ensure they are all stored at 
the correct temperatures as indicated on the labels. 

Instructions/ Method 
'Only those personnel (or appropriately supervised trainees) trained (or being trained) in the use of 
relevant reagents and equipment should carry out this procedure. ' 

Reagent and waste check (before every run) 
Wash buffers 
Check levels of all Wash buffers (Cuvette wash 1, Cuvette wash 2 and IMP wash) - base of the 
Immuno 1 
Ensure all are full (above the label, below the cap) or have sufficient to carry out the work planned 

Waste check 
Take out the waste pot and empty into the sink with running, cold water to wash it away 
Empty the small waste container 
Refit both waste containers ensuring all three tubes/wires are reconnected to the large waste pot 
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Substrate check 
Ensure there is sufficient substrate for the work to be carried out (go to Reagent Inventory page) 
Remember multiple tests may be carried out on individual samples (e.g. HA, TIMP-1 and P3NP) 

Pro be fluids 
Check levels of Sample Probe and Reagent Probe Fluids - top of the Immuno 1. 
Ensure both are full 
Fill each up to the shoulder of the bottle, try to do this without lifting the probe out of the fluid (if 
this does happen use "PRIME" in the "MAINTENANCE" menu to pump through the air bubbles) 

mIMP and buffer 
Check the levels of the mIMP and buffer (if already loaded) 
If not loaded, load mIMP and buffer onto machine (from fridge). Check there is sufficient for work 

to be carried out 
Ensure the magnetic beads are suspended (by swirling gently with the cap on) 

Loading ELF reagent towers (before every run) 
Each tower has enough volume for 100 tests. If required, load new towers into the reagent carousel 
as follows: 
HA reagents 1 and 2 made up earlier and the other marker reagents from the fridge in the same 
order as the Reagent inventory page (ensure they are only put into these positions) 
Go to the Reagent inventory page and update any changes by entering "100" in the number column 
manually as the reagents are not recognised by the machine (no bar codes). 

Wash jets check and prime (before the first run ofthe day) 
Move wash jets to the "out" position and remove reaction tray (inspect the tray for residual 
substrate etc. and replaced if required) and place to one side 
Replace with the reaction tray marked as "FDT ONLY" leave the cover off the reaction tray so the 
fluid delivery can be observed 
Put wash jets back into position and clean all wash jets by removing them and clean the inside 
(using a syringe) and make sure the outside is wiped clean of dried buffer 
Ensure no tissue is left on the jets 
Go to "MAIN MENU" and select "MAINTENANCE" then "PRIME" 
Enter 50x each probe fluid and 15x each wash jet (maximum) 
Select "PRIME ALL" 
Whilst priming, watch all the jets to ensure they are all injecting buffer and drawing it back up 
again 
If any jet looks like this may not be happening, then it may be necessary to repeat cleaning as 
above 
If required (e.g. if it doesn't look like the jets are injecting buffer properly) then repeat the prime on 
the suspect jets as many times as required 
If the vacuum does not appear to be working (reaction cuvettes are overflowing / not emptying 
properly) check the vacuum gauges and the silicone tubing in the wash stations behind the drop 
down panel 
Replace any silicone tubing which appears damaged or dirty 
Check the syringes aren't taking in air bubbles, if so they may need replacing (see maintenance 
book) 

Fluid delivery test, FDT (before the ftrst run of the day) 
Check there is sufficient FDT reagent in the tower (carry out a visual check - position 22 on the 
carousel). If not, ftll with IMP wash buffer 
Put tap water into a sample cup and place in rack 1, position 1 and load onto machine in position I 
(black base) 
Go to "MAIN MENU" then "ORDER MENU" and select "ORDER ENTRY" and press "ENTER" 
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Ensure the load list number is not "00" if it is, then change the load list number to "01", "02", "03" 
etc. Press "ENTER" 
Enter "100" 20 times on the order entry 
This will tell the machine to do 20 FDT tests 
"ENTER" then select "RUN" and "ENTER" the relevant load list to start the FDT 
A grating noise will signal the raising of the sample probe 
Select the "SAMPLE" screen and note the time of the fIrst sample 
During the FDT the levels of each of the vacuums should be verified along with the correct running 
temperature of the refrigeration unit 
Visually ensure all the wash jets are functioning correctly 
After 6 minutes, stop the run (SHIFT and STOP) just after the sample probe has delivered the 
sample and come back out of the reaction tray 
Wait for the moving bits to stop (when the sample probe is back in the starting position) and move 
the wash jets out of the way and remove the "FDT" reaction tray 
Using the guide card examine the tray and see if each component of the fluid delivery is working 
ok 
If there is any failure (usually a wash buffer) it is usually due to 
jets being blocked (clean and "PRIME" again) 
vacuum failure (contact service engineer) 
tubes requiring replacement (replace as outlined later) 
repeat all the above FDT with second "FDT tray" 
If successful, remove the FDT reaction tray and wash out for use again 
Replace the clean reaction tray, replace the cover and put the wash jets back into position 

The above procedures should ensure that air bubbles are removed from all tubing, the tubing is in 
good order and the jets are dispensing and withdrawing the correct amounts of sample, buffers etc. 
and the reagents are being held at the correct temperature. 

, -.' :;",' 

, '~, • ~'i ': 

167 



Appendix 8 : Information sheet given to participants in clinical 
study 

LREC No. 04/Q1701/58 

Serum and urine markers of liver fibrosis 

You are being invited to take part in a research study. Before you decide it is important for you to 

understand why the research is being done and what it will involve. Please take time to read the 

following information carefully and discuss it with others if you wish. Ask us ifthere is anything 

that is not clear or if you would like more information. Take time to decide whether or not you 

wish to take part. 

What is the purpose of the study? 

To assess the degree of inflammation and scarring (fibrosis) in the liver one of the tests we use is a 

liver biopsy. This test allows us to examine a small piece of liver tissue under a microscope. 

Currently it is the best test available but we are interested in finding other ways of measuring 

inflammation and scarring in the liver. This study involves examining chemicals (markers) in your 

blood and urine. We are trying to see if these markers correspond to changes in liver tissue of 

patients with hepatitis C. In the future we may be able to replace the need for a liver biopsy by 

measuring these markers. 

Why have I been chosen? 

Our study involves patients with chronic hepatitis C who require a liver biopsy as part of their 

standard management plan. 
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Do I have to take part? 

It is up to you to decide whether or not to take part. If you do decide to take part you will be given 

this information sheet to keep and be asked to sign a consent form. If you decide to take part you 

are still free to withdraw at any time and without giving a reason. A decision to withdraw at any 

time, or a decision not to take part, will not affect the standard of care you receive. 

What will happen to me ifl take part and what do I have to do? 

If you agree to take part in the study we will contact you within the next four months. We will 

invite you to see us in a clinic at the Wellcome Trust Clinical Research Facility where we will ask 

some simple questions, examine you, perform blood and urine tests. 

In order to get meaningful results from the urine test we will ask you to avoid the following from 

the time indicated, until the end of your clinic visit. 

From one week before avoid Medicines (including herbal preparations), 

cannabis containing substances and dietary 

supplements 

From the day before avoid Fish, seafood, spicy food and alcohol 

From the day of consultation avoid Tea, Coffee and very fatty or fried foods, for 

example a cooked breakfast 

You may eat on the day of the study (following the restrictions listed above), but we request that 

you drink only water on the day of the study, both prior to attending the clinic and during your visit 

to the clinic. 
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What are the possible disadvantages and risks of taking part? 

There are no risks of taking part in the study. The only disadvantages are giving a blood test and 

making some minor changes to your lifestyle (as listed above) from a week before the study day 

until the end of your clinic visit. 

What are the possible benefits of taking part? 

There will be no immediate benefit to your care if you participate in the study. This study will help 

the management of patients with hepatitis C and other causes ofliver disease in the future. Ifwe 

can find effective markers for inflammation and scarring in the liver we may be able to reduce the 

number of people having a liver biopsy. Additionally, we may have more accurate tests for 

assessing liver damage before, during and after treatment. 

Will my taking part in this study be kept confidential? 

All information which is collected about you during the course of the research will be kept strictly 

confidential. Any information about you which leaves the hospital will have your name and 

address removed so that you cannot be recognised from it. Your GP will be informed of your 

participation in the study. 

What will happen to the results of the research study? 

We aim to publish the study in a peer reviewed medical journal. You will be able to gain a copy of 

the publication. You will not be identified or be identifiable in any future publication. 
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Who is organising and funding the research? 

The study is funded by a pharmaceutical company called Pfizer and has been organised by Dr. 

William Rosenberg at Southampton General Hospital. The samples we collect will be stored at 

Pfizer for five years. If you wish to withdraw from the project at any stage you simply need to 

contact Dr. Guha or Dr. Rosenberg (numbers listed below). In the event of withdrawal, we will be 

able to locate your samples and have them destroyed to prevent further use. 

Contact for Further Information 

Further information can be obtained by contacting Dr. Neil Guha at the Wellcome Clinical 

Research Facility at Southampton General Hospital. 

Thank you for your time. 

Dr Neil Guha Tel 023 8079 4989 

Dr William Rosenberg Tel 023 8079 6883 

. /' 

,'f .:,> 
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Appendix 9 : Methods for NMR spectroscopy on animal tissue 

Sample preparation 

For Magic angle spinning (MAS) NMR experiments 20 mg of tissue was taken and packed 

into 4 mm outer diameter zirconia rotors with a spherical insert and a Kel-F cap after soaking in 

D20. For the water soluble experiments extraction was achieved with I ml of solution containing 

50 % acetonitrile and 50 % water. This procedure was repeated three times followed by 

centrifugation of samples at 10,000 rpm for 6 mins. The supernatant was decanted and acetonitrile 

was removed under N2 gas before freeze drying the samples. In the lipid extraction experiments 

samples were treated with 1 ml of solution containing 75 % CHCh and 25 % methanol. Three 

repeat washes were carried out and centrifugation was performed at 10,0000 rpm for 10 mins. The 

solvent was removed by drying under a stream ofN2 gas. 

Prior to NMR analysis, lipid soluble extracts were reconstituted in 600 III of solvent 

containing 70% CDCh and 30% CD30D. Water soluble extracts were reconstituted in D20 

containing 0.05 % TSP as chemical shift reference. 

NMR spectroscopy 

All NMR experiments were carried out on a Bruker DRX-600 spectrometer (Bruker 

Biospin, Germany) operating at a lH frequency of600.13 MHz. 

MAS-NMR spectroscopy was performed at 283K and samples were spun at 5 kHz at an 

angle of 54.7°. The following CPMG sequence was used to suppress signals from macromolecules 

and other short T2 components: relaxation delay [RD-900-('r-1800-t)n-ACQ]. A spin-spin relaxation 

delay of 2m of 200ms was used and water suppression was applied during a 2s relaxation delay. 

Spectra acquired were the sum of256 transients with 32,000 data points and a spectral width of 

12,000Hz. 
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For the water soluble extracts a standard one dimensional pulse sequence was applied at 

300K: [RD-900-t t-900-tm-90o-ACQ] where tm was set to lOOms and tt was set to 3).1s. Water 

suppression was achieved through irradiation of the water peak during a relaxation delay of2s. 

Spectra acquired were the sum of 256 transients collected with 32,000 data points and a spectral 

width of 12,000Hz. 

For the lipid extraction a standard pulse sequence was applied with the temperature 

regulated at 300K. Water suppression was achieved through pre-saturation during a relaxation 

delay of3.3s. Spectra acquired were the sum of 128 transients with 32,000 data points and a 

spectral width of 12,000Hz. 

NMR data processing 

All spectra were manually corrected for phase and baseline distortions. The MAS-NMR 

spectra were referenced to the glucose HI proton at 5.23ppm. The water extract spectra were 

referenced using TSP whilst the lipid extract spectra were referenced to the CDCh resonance at 

7.26ppm. All spectra through the range 0.2-10.0ppm (excluding the water region from 4.5-6.0ppm) 

were reduced to 245 regions each 0.04ppm wide using AMIX software (Bruker Analytik, 

Germany) and the signal intensity for each region was integrated. 
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