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Liver fibrosis is the final common pathway following chronic insult to the liver. Progression to
cirrhosis is mostly asymptomatic, but the end stages of disease result in clinical events such as
ascites, bleeding, infection, hepatocellular cancer and death. Liver biopsy has been regarded as
the gold-standard for assessing fibrosis and whilst it provides useful information it is
hazardous for patients and subject to inaccuracy. Many serum markers of liver fibrosis have
been evaluated as tests for severity of fibrosis on biopsy, as a surrogate for prediction of
clinical outcomes. Their performance as direct predictors of clinical outcomes as the reference
standard would be ideal.

This thesis focused on serum biomarkers and had two broad aims. Firstly, the
evaluation of published literature on the diagnostic accuracy of serum markers in identification
of fibrosis in the three main causes of chronic liver disease (CLD) in the UK (chronic
Hepatitis C (CHC), Non-alcoholic fatty liver disease (NAFLD), and Alcoholic liver disease
(ALD). Secondly, the exploration of the diagnostic accuracy of a particular panel of markers
(Enhanced Liver Fibrosis (ELF) in the diagnosis of fibrosis severity in external independent
populations of patients with CLD. Thirdly the evaluation of the performance of ELF in
prediction of clinical outcomes.

The systematic reviews highlighted the breadth of serum markers, found that markers
performed better at identifying serious fibrosis than milder disease, and marked the evolution
from single markers to panels of marker. One such marker panel was ELF, whose components
are part of the fibrotic process, which was derived and validated in a cohort of patients
recruited in 1998-2000. The performance of ELF was externally validated in eight studies in
patients with CHC, NAFLD, Primary Biliary Cirrhosis (PBC) and HCV-HIV co-infection.
ELF maintained its performance in all studies with AUC values >0.80 and >0.85 in
identification of significant fibrosis and cirrhosis respectively. It performed particularly well in
NAFLD. In the final part of the thesis, two studies were conducted to explore the accuracy of
ELF in predicting clinical outcomes. One study involved follow-up of the patients in the
original ELF cohort for liver related outcomes and all-cause mortality. Analyses showed that
baseline ELF score can predict liver outcomes and all-cause mortality, with those people
having highest ELF scores being significantly more likely to have clinical outcomes than those
with lower scores. A unit change in ELF was associated with a doubling of the risk of having a
liver—related outcome at 6 years. In the second prognostic study 161 patients with PBC were
followed up for 8 years. The results confirmed the findings in the first study. ELF was found
to be better than other markers currently used for prognosis of clinical events in PBC.

Serum markers have a role in the assessment of patient with CLD both predicting
fibrosis and clinical outcomes. More research is needed to assess performance of these
markers in different settings, such as Primary Care.
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CHAPTER1
RATIONALE FOR THESIS

This chapter will provide the rationale behind the research presented in this thesis, and outline

the structure and aims of the study.

1.1 Background of liver disease

Chronic Liver Disease (CLD) is a significant and current public health problem. The three
main causes of CLD in the UK are Alcoholic Liver Disease (ALD), Chronic Hepatitis C
(CHC), and Non-Alcoholic Fatty Liver Disease (NAFLD). The major risk factors for the
development of CLD are excessive consumption of alcohol, injecting drug use (leading to
CHC) and obesity (leading to NAFLD). These risk factors are rising rapidly and concurrently
in the UK and are leading to an epidemic of CLD.

The Chief Medical Officer’s report (2001) highlighted the increase in mortality from cirrhosis
over time especially in young adults'. Deaths from chronic liver disease have increased by
eight times in men aged 35-44 and seven times in women over the past three decades. This
increasing trend was maintained in the last decade with cirrhosis mortality doubling in
Scottish men between 1987/91 and 1997/2001 and rising by 69% in men in England and
Wales?. Mortality in women increased by almost half (44% England 46% Scotland). Age-
standardised rates in England and Wales for men aged 45-64 is 26.7 per 100,000, and women
9.4 per 100,000 (2002). This rise is the steepest in Europe and differs from the decline seen in

other European countries. The most recent mortality rate from cirrhosis and chronic liver

disease is 151 per 1000,000 with 6,237 persons dying from CLD (http://www.nchod.nhs.uk).
The rise in mortality is likely to be due to increasing incidence of CLD although increasing
case fatality, changes in diagnostic labeling or more accurate death certification could be other
~ explanations. It is estimated that at least 250,000 people have Hepatitis C in the UK, and due
to the difficulties in ascertaining prevalence in vulnerable, traditionally hard to reach groups
(such as injecting drug users) this figure is likely to be higher’. Recent modeling of future
trends has predicted a dramatic rise in HCV related cirrhosis and deaths from hepatocellular

cancer in the next 10 years®. Studies have suggested that 20-30% of the general population
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may be affected by NAFLD’ and the number of alcohol related deaths has risen from 4,144 in
1991 to 8,758 in 2006 in the UK. In 2006/07, there were 43,548 admissions for alcoholic liver

which is a tripling of numbers since 1995/6.

There are effective treatments for people with CLD. Rapid developments in anti-viral
therapeutics have led to accepted regimes for CHC using pegylated interferon and ribavirin in
combination®’. This leads to a viral clearance in up to 80% of patients. Lifestyle modifications
in alcohol consumption and obesity may lead to improvement in liver fibrosis and prognosis in
ALD and NAFLD*'°. Even in those people with compensated late stage disease (cirrhosis) it
is important to identify people as surveillance for hepatocellular carcinoma (annual incidence
3-4% in patients with cirrhosis), screening and management of oesophageal varices and

optimising health in preparation for transplant can be planned.

1.2 Evidence for the reduction in morbidity and mortality in CLD by earlier
identification of cirrhosis

Much of this thesis is concerned with the earlier diagnosis of significant liver disease using
serum markers, with the ultimate aim of reducing morbidity and mortality in patients. The
evidence for the earlier diagnosis of cirrhosis reducing morbidity and delaying mortality is an
important issue in the potential clinical use of biomarkers. The major treatable complications
of cirrhosis are portal hypertension and hepatocellular cancer. Evidence shows that earlier
detection translates into better survival and reduced morbidity.

Early detection of cirrhosis and instigation of prophylactic treatment of portal hypertension
with beta-blockers and variceal banding has been shown to reduce morbidity (Relative risk
reduction 48%) and mortality (by 16%) """, This requires screening to identify those patients
with high risk of bleeding from varices. Practice varies but current UK guidelines recommend
that in the absence of a standard method of risk stratification all patients with cirrhosis should
be endoscoped'?. However, currently many cases of cirrhosis are not identified until they
present with variceal bleeding and at this stage there is an associated mortality of 25%. Earlier
detection of cirrhosis before any compensation event and instigation of prophylaxis would

translate into improved survival and less cost to the heaith service. In secondary prevention
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once an episode of bleeding has occurred there has been increased survival following

improved strategies over the past decades'”.

Hepatocellular cancer

Retrospective analyses have identified patient characteristics that are associated with better
outcomes for tumour resection and liver transplantation in those with hepatocellular cancer
(HCC). These include the presence of a single lesion less than 5 centimeters in diameter, or
three or fewer lesions less than 3 centimetres in diameter'®. However many HCC are identified
at a time when the tumour has grown larger than 5 cm or when there are more than three 3 cm
tumours ruling out successful transplantation. Major factors associated with increased survival
in untreated patients with HCC are less severe underlying liver dysfunction and small size of
tumour at detection. Between 50-90% of patients with HCC on a background of Child Pugh A
cirrhosis -mild clinical disease (see Appendix 1b) - will survive 1 year untreated, compared to
20% Child Pugh C cirrhosis (severe clinical disease). Small HCCs have relatively long tumour
doubling times and for those with <Scm survival time is 81-100% at 1 year and 17-21% at 3

years with no therapy'"*'® . Recent advances in treatment of HCC have improved prognosis'’.

More effective methods such as biomarkers for detecting cirrhosis in a higher proportion of
cases would permit earlier instigation of tumour surveillance. This in turn may result in earlier
detection and a greater proportion of patients being cured through resection or transplantation,
translating into greater patient benefit and cost-effectiveness’* % Some of these screening
studies have been limited by lead-time and length-time bias®® . This was accounted for in a
later study which showed survival benefit from surveillance®®. National guidelines at the
present time recommend surveillance in patients with cirrhosis arising from CHC, Chronic
Hepatitis B, ALD (if abstinent/likely to comply with treatment), Primary Biliary Cirrhosis (if
male), and Haemochromatosis™. Surveillance has been supported by a recent Health
Technology Assessment publication of a systematic review and economic analysis which
recommended annual/6 monthly screening with ultrasound and alpha-feto protein, based on
modeling that suggested this strategy would halve the number who die from HCC, and would
be cost effective with £30,000-£40,000 per QALY?®.
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While successful liver transplantation can extend life expectancy in all cases, limited supply of
organs means that the identification of appropriate subjects and optimal timing of

transplantation are essential.

It is therefore important to diagnose CLD and identify people who may benefit from
treatment, to be able to monitor such treatment and to instigate surveillance for oesophageal

varices and HCC in those with asymptomatic (or compensated) cirrhosis.

1.3 Diagnosis of Liver fibrosis

Liver fibrosis is the common pathological response of the liver to any injurious agent whether
it is virus, alcohol or fat. The diagnosis of CLD has traditionally used the identification of
liver fibrosis as a proxy for clinical outcome and this has been achieved using liver histology
obtained via percutaneous or transjugular biopsy. These are invasive techniques and histology
so derived is subject to sampling error, and inter- and intra-observer variability in
interpretation making it a flawed reference standard. In the past few decades a search has been
made for alternative robust non-invasive diagnostic tests which could identify the presence of
liver fibrosis. Amongst these have been biomarkers which identify decline in liver function or
detect accumulation of extra cellular matrix which occurs during fibrogenesis and collagen
breakdown, radiological techniques (ultrasound “elastography” of the liver where a shear
wave is propagated and its transit through the liver is monitored to detect reduction of
elasticity due to fibrosis and microbubble techniques which measure differing transit times of

radiological medium through the liver depending on the amount of fibrosis*"*®

and magnetic
resonance imaging and spectroscopyzg). Liver fibrosis acts as a proxy for important clinical
outcomes such as decompensated cirrhosis or death. It has been suggested that direct
assessment of alternative biomarkers in CLD against clinical outcomes would provide more

meaningful performance indicators.

One such set of serum markers were identified in a rigorous multi-centre cohort study in more
than one thousand people referred to hepatology for a liver biopsy in the investigation of CLD
(see Chapter 4 for further detail). Access to these study data was allowed by the

investigators and study funders, (Bayer Healthcare now Siemens Diagnostics). This thesis
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describes the diagnostic and prognostic performance of this panel of markers in relation to

liver histology and clinical outcomes.

1.4 Aims and Objectives
The main aims and objectives of the thesis are reported below
Aims
1. To evaluate the diagnostic performance of serum markers of liver fibrosis in
chronic liver disease by;
a. Conducting systematic literature reviews of the diagnostic performance of
serum markers in the three main causes of CLD
b. Assessment of diagnostic performance of one particular published panel of
markers (European Liver Fibrosis-ELF markers)

c. External validation of ELF in independent populations of patients with CLD

2. To evaluate the prognostic perfdrmance of serum markers for clinical outcomes by
a. Follow up study of the ELF cohort of patients in 13 centres in England and
continental Europe for significant liver related morbidity, liver transplantation
and mortality
b. Follow up of a cohort of patients with PBC, recruited in the USA, using ELF
serum markers and comparison with biomarkers that are currently used in

clinical practice.

1.5 Outline of thesis
Chapter 2 will provide the background of CLD, including the anatomy and physiology of the
liver, the pathological processes involved in liver fibrosis, and key epidemiological data that

provide evidence for the epidemic of CLD in the UK.

Chapter 3 presents three systematic reviews of the diagnostic performance of biomarkers for

each of the major causes of CLD.
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Chapter 4 reports evaluations of ELF in independent populations. Background data on the
original ELF cohort study, in addition to the eight evaluation studies of the diagnostic

performance of ELF markers in different populations of people with CLD are reported.

Chapter 5 presents a review of the literature to assess the prognostic performance of serum
markers in predicting clinical outcomes in CLD. The prognostic performance of the ELF
markers was assessed against clinical outcome measures by following up patients in two
cohorts: (i) All those people in the original ELF cohort followed up for significant liver related
morbidity, liver transplant and mortality. Evaluation of baseline ELF was conducted to assess
the performance of the panel in the prediction of clinical outcome. An analysis to evaluate the
performance of a novel serum marker model and limited comparison to other serum markers
of liver fibrosis using baseline parameters are presented; (ii) a cohort of patients with PBC
initially recruited to a clinical trial in which the prognostic performance of ELF markers was

evaluated and compared to clinical scores currently used in clinical practice.

Chapter 6 presents an overall discussion of the research presented in this thesis and the future

work that has been identified.
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CHAPTER 2
BACKGROUND OF CHRONIC LIVER DISEASE

In the first section of this chapter the anatomy and physiology of the liver will be described,
.and the pathophysiology of fibrosis will be outlined. The second section will evaluate the
importance of liver fibrosis and provide an assessment of the performance of the liver biopsy
as a diagnostic test for liver fibrosis. The third section will review the epidemiology of CLD in

the UK, identify the major causes of CLD, and give an overview of their natural history.

2.1 The Liver and its function

The liver is situated in the upper part of the abdominal cavity against the diaphragm. It has two
main lobes (the right being the larger), and two accessory lobes. The liver is supplied by two
main blood vessels to its right lobe: the hepatic artery and the portal vein. The hepatic artery
normally comes off the coeliac trunk. The portal vein brings venous blood from the spleen,
pancreas, and intestines, so that the liver can process the nutrients and by products of food

digestion. The hepatic veins drain directly into the inferior vena cava. (Figure 2.1)

.Figure 2.1 Diagrammatic view of the liver
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The liver is the largest solid organ in the body, weighing around 1.6 kgs in males and 1.3 kgs
in women. It holds approximately 13% of the total blood supply at any given moment. The
liver receives over 25% of the total resting cardiac output and is responsible for over 20% of

the body's resting oxygen consumption.

The liver is organized into lobules which take the shape of polygonal prisms. Each lobule is
typically hexagonal in cross section and is centered on the central vein which is a branch of
the hepatic vein. Within each lobule, hepatocytes are arranged into hepatic cords separated by
adjacent sinusoids. The fenestrated endothelium lining the sinusoids lies immediately adjacent
to the cords, with no basement membrane and practically no intervening connective tissue, so
that each hepatocyte is bathed on two faces by blood plasma. At the corners between adjacent
lobules are the portal tracts. These are regions of connective tissue which include branches of

the bile duct, the portal vein, and the hepatic artery (Figure 2.2 ).

Figure 2.2 Schematic diagram of Liver Architecture
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Three dimensional aspect of normal liver. In the upper centre is the central vein; in the lower
centre, the portal vein. (Figure by Massachusetts Institute of Technology: OpenCourseWare)

The space between the endothelium and the hepatocytes is the space of Disse, containing a

network of reticular fibres (collagen type I1I) which hold the hepatocytes together (figure 2.3).

20



Figure 2.3 Schematic diagram of sinusoidal architecture

Sinusoidal architecture and location of hepatic stellate cells. In normal liver cords of hepatocytes
are surrounded by a fenestrated endothelial lining. In the intervening space of Disse are the hepatic
stellate cells (blue). Kupfer cells (purple) are intra-sinusoidal and are shown as adherent to
endothelial wall. Activation of stellate cells can lead to accumulation of extra cellular matrix (yellow
bands to right of diagram)’’

The liver performs 6 main functions:

Homeostatic function maintaining the balance of many nutrients producing glucose,
proteins, fat and cholesterol hormones, vitamins, in particular the fat soluble ones (A, D, E
and K),

Synthetic function producing proteins including the clotting factors, bile acids, and
cholesterol,

Excretory function producing cholesterol, bile acids, phospholipids, bilirubin, drugs,
toxins (e.g. pesticides, insecticides, heavy metals),

Storage of vitamins and cholesterol

Filter of toxins from the gut, nutrients such as amino acids, sugar and fat, bilirubin, bile
acids, and drugs,

Immune defence via the excretion of IgA and specialised macrophages (Kupfer cells).
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2.2 Pathophysiology of liver fibrosis

Fibrosis is a wound healing response to injury and is a dynamic process involving matrix
deposition, degradation and re-modelling. This has three main sequelae- firstly it distorts
hepatic architecture and vasculature, secondly it disrupts normal hepatic functions, and lastly
increases the likelihood of neoplastic changes. The molecular mechanisms of fibrosis are
similar regardless of the nature of the insult/or injury sustained by the liver. Extracellular
matrix (ECM) constituents include fibrillar collagens (collagen type I and I1I), proteoglycans
and glycoproteins organised in a 3 dimensional network. These ECM proteins are deposited in
the liver and cause loss of function and architecture of hepatocytes. They are produced by the
activated hepatic stellate cell whose usual function in the quiescent state is to support the
matrix which offers supportive cellular structure whilst allowing easy diffusion of solutes from
the sinusoid to the hepatocyte in the space of Disse. Hepatic Stellate Cells exist in quiescent
and activated states. In their quiescent state they store vitamin A and have the characteristic
appearance of adipocytes. On activation they transform into myofibroblasts. Activation of the
stellate cell occurs in two stages, initiation (where the stellate cell becomes sensitised to
cytokines -such as transforming growth factor (TGF) B); and perpetuation, where the stellate
cell proliferates and migrates in response to cytokines. There is therefore an accumulation of
stellate cells in areas of injury and an increase in amount of matrix produced. Fibrillar matrix
is laid down in this process, separating the hepatocytes from sinusoidal blood depriving them
of nutrients, and reducing their function. The usual fenestration of the simisoid is thus
eliminated by the matrix leading to capillarisation of the sinusoid. The ECM becomes denser
and reticulated and so more resistant to enzyme degradation than ECM in normal livers

(Figure 2.4).

However this is a dynamic process and there are compensatory mechanisms involving
inhibitors and modulators of ECM production and degradation. For example, matrix
metalloproteinases are enzymes that are proteolytic and are capable of degrading matrix.
These enzymes are inhibited by the binding of Tissue Inhibitors of Metalloproteinases
(TIMPs). MMP2 may have a role in the apoptosis of stellate cells and TIMP1 inhibits MMP2
thus blocking apoptosis and perpetuating ECM production. The ebb and flow of matrix

deposition is thus in part a balance between TIMPs and activated Metalloproteinases.
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Figure 2.4 Schematic diagrams of the cellular aspects of fibrosis
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(@) Normal sinusoidal architecture with a stellate cell (blue) with foot processes that encircle the
sinusoid. (b) During liver injury stellate cells multiply and are surrounded by fibrillar matrix,
contributing to closure of endothelial fenestration and loss of hepatocyte microvilli*.

In viral hepatitis fibrosis begins around the portal areas and gradually extends into the lobules
towards the central veins, with septa formation and then bridging fibrosis. Finally extensive
fibrosis links portal and central areas and this is the cirrhosis stage of the fibrotic process. In
some forms of fibrosis such as that due to alcohol, early matrix deposition is more pronounced
in the peri-central region but progresses to produce bridging between lobules and cirrhosis.
Cirrhosis is characterized by the formation of regenerative nodules of liver parenchyma that
are separated by and encapsulated in fibrotic septa and is associated with major blood flow
and structural changes. Fibrosis has been shown to be a reversible process with the removal of
the insult/primary cause of damage® and there is emerging evidence that cirrhosis itself may

have an element of reversibility**.

In different aetiologies of CLD the processes of fibrosis may differ in the initial way in which
the liver responds to the viral/metabolic/immunological insult and the development of the
fibrotic processes. For example in ALD liver damage occurs through several interrelated
pathways. Oxidative stress plays a pivotal role, promoting hepatocyte necrosis and apoptosis,
which are exaggerated in the alcoholic who is deficient in antioxidants such as glutathione and
vitamin E. Free radicals initiate lipid peroxidation, which causes inflammation which triggers
fibrosis where collagen is deposited in a typical perivenular and pericellular pattern.

Inflammation is also incited by acetaldehyde which, when bound covalently to cellular
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proteins. Histologically, the earliest changes in alcoholic hepatitis are located predominantly

around the central vein>>%,

Primary Biliary Cirrhosis (PBC) is different to viral hepatitis, NAFLD and ALD in that it is
characterised by slowly progressive intra-hepatic cholestasis because of immunological
destruction of epithelial cells lining the intra-lobular and septal bile ducts. Such cholestasis

leads to loss of bile ducts and progresses to fibrosis and biliary cirrhosis.

2.3 Clinical aspects of fibrosis

Fibrosis of the liver in itself is clinically asymptomatic, but as fibrosis develops, the
functioning of hepatocytes becomes compromised, cell death occurs, and the liver’s synthetic,
metabolic and filtering roles are compromised. Serum levels of liver enzymes such as ALT
and AST may increase, albumin may decrease and bilirubin increases as the liver‘s capacity to
process of bilirubin is reduced. Development of cirrhosis leads to a further compromise of
function and jaundice (due to rising bilirubin), hepatic encephalopathy (due to reduced
metabolism by the liver of toxic products such as ammonia from protein breakdown), and
coagulopathy due to decrease in production of clotting factors become clinically apparent.
Disruption of portal blood flow by the extensive fibrotic processes in the liver causes
resistance and increased flow in the portal system leading to portal hypertension.

Portal Hypertension is defined as a raised portal pressure greater than 15mm Hg. The major
complications of portal hypertension are ascites (accumulation of fluid in abdominal cavity),
development of varices at sites of porto-systemic anastamosis, gastrointestinal haemorrhage
from varices in the oesophagus and rectum and renal dysfunction. Prospective studies have
shown that 90% of patients with cirrhosis will develop varices and that a third of them will
bleed, carrying a short term mortality of 50% in the group with the most severe liver
dysfunction. Up to 70% of patients who do not receive treatment die within 1 year of the
initial bleeding episode. Risk factors for bleeding have been identified and include portal
pressure values (>12mmHg), location and size of varix (larger ones and in fundus of stomach),
degree of liver failure and presence of ascites.

Encephalopathy is usually due to porto-systemic shunts as part of fibrotic progress or as a

~ consequence of therapy (TIPS insertion). Sub-acute encephalopathy may only be apparent
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using psychometric testing and has been reported to be as frequent as 84% in some cirrhosis
studies®”*® . Acute deterioration may be precipitated by infection, dehydration, haemorrhage,
protein ingestion or drugs.

Hepatocellular carcinoma (HCC) is a clinical complication of cirrhosis with 80% occurring
in the cirrhotic liver®. The annual risk of developing HCC in viral hepatitis is estimated at 3-
8% and in the UK about 1500 people die each year from HCC. 30% of explanted livers at the
time of transplantation for CHC have undetected HCC*. HCCs develop as small nodules with
estimated doubling times varying between 1-19 months with a median of 6 months.

The natural history of cirrhosis and time to decompensation varies depending on the cause of
CLD. Overall, if there is no decompensation the 10-year survival is approximately 75%.The
risk of decompensation is roughly 4-5% per year in a patient with Child’s cirrhosis, and after

decompensation, the probability of 5 year survival without transplant is 35-50%.

2.4 Disease progression

Cirrhosis is the end stage of liver fibrosis. There is a progression to cirrhosis through mild,
moderate and severe fibrosis stages. These have been measured histologically in samples
derived from liver biopsy. Initially in the context of clinical trials pathologists have staged
them according to various scales, assigning ordinal categorical variables to the different stages
that are described on the basis of their visual appearance. Examples of such scales are Scheuer
(5 stages), METAVIR (5 stages), Ishak (7 stages), Knodell*'** (Appendix 1) .More often
histological scores that are used in clinical practice are locally derived, and generally assign
biopsies to mild, moderate, or severe fibrosis. These histological classification systems have
led to the widespread belief that progression in fibrosis is linear and that the amount of fibrosis
in Stage 1 is half as much as the fibrosis in Stage 2. However it has been shown that fibrosis
progression is not linear between histological stages, or over time, varies between individuals,
and between different causes of CLD***,

Factors that have been shown to contribute to the more rapid progression in CHC are alcohol
use, male sex, acquisition of infection >40 years of age, long duration of infection,
immunosuppression, lack of response to anti-viral therapy, co-infection with other blood borne

viruses, and older age®®.
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Studies have also shown that the degree of necro-inflammation at the first biopsy can predict
future fibrosis. Higher stage ﬁbrbsis on initial/index biopsy is associated with progressively
larger numbers who develop cirrhosis and an inverse relationship can be shown between stage
of fibrosis and time of progression to cirrhosis. For example in CHC, 60% of Stage | (on
index biopsy) progress to cirrhosis by 19 years; all patients with stages 2 and 3 on index

biopsy did so by 17 and 10 years respectively‘”'49 (Figure 2.5).

Figure 2.5 Progression to cirrhosis in 70 patients with CHC over time
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Stage A= little or no portal fibrosis Stage B= portal/periportal fibrosis with or without portal-portal
bridging fibrosis Stage C= septal fibrosis with regions of incomplete nodular regeneration.
Progression to cirrhosis is more rapid in more severe stages of fibrosis”’.

In non alcoholic steatohepatitis (NASH) risk factors for progression of fibrosis include
obesity, insulin resistance, and older age™. Data from a retrospective cohort of biopsy proven
NAFLD showed that the presence of baseline fibrosis predicted liver related death’'. The rate
of progression is similar in HCV and HBV, more rapid in ALD in those people who continue
to drink heavily and fastest in HCV-HIV co-infection. Progression of fibrosis occurs through a

common pathway but there are many factors that determine the speed and extent of the
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fibrosis. Recent studies have shown that estimates of the progression rate to cirrhosis may be
affected by recruitment of patients —those in community setting having slower rates of

progression to cirrhosis (20 years) whilst those in a tertiary hepatology centre having quicker
progress>%. Authors suggested that the most likely explanation was recruitment and selection

bias.

A recent systematic review of the natural history and prognostic indicators of survival in
cirrhosis showed that the one year and two year and final cumulative survival were 78% and
75% and 61% respectively. Compensated cirrhosis had a better prognosis than decompensated
cirrhosis. Therefore assessment of the stage of fibrosis has been used as a surrogate measures
for prognosis (clinical outcomes such as morbidity and death) and the need for therapy in

individuals such as in CHC> .

2.5 Diagnosis of liver fibrosis and cirrhosis

The amount of liver fibrosis can therefore be used to predict clinical outcome. This is useful
information for patient and clinician in planning and managing chronic liver disease. It can
help direct therapy, initiate surveillance for HCC and varices or facilitate planning a smooth
transition toward transplantation. How then is liver fibrosis diagnosed and measured? Routine
simple blood parameters may only change in the later stages of disease and so are often
unhelpful in evaluating the severity of fibrosis. Even traditional liver function tests such as
AST and ALT can be normal in 10% and 35% of patients with cirrhosis. Imaging modalities

such as ultra-sound are unable to detect fibrosis with acceptable accuracy™.

Liver biopsy

Since the first liver biopsy was performed in 1883 by Paul Erlich, this has been the method of
choice to examine liver fibrosis. Biopsy has strengths in addition to the information it gives
on fibrosis severity. It may provide information on diagnosis- for example iron in hepatic
parenchyma suggest haemachromatosis, it can provide information on underlying pathological
processes, and lastly it can provide additional information that can help in prognosis such as
inflammation in CHC which is suggestive of future fibrosis. However this technique has

limitations. The biopsy may be obtained percutaneously either blind or with ultrasound
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guidance (now the most common), by the transjugular route if there is a problem with clotting
(often found in end stage liver disease) or at laparoscopy. It is an invasive technique with a
recognised morbidity and mortality. Large studies have found that the incidence of pain

(30%), morbidity (0.3%) and mortality (0.003%) is not insubstantial®.

Sampling error is an inherent problem and not surprising when one considers that a biopsy
specimen measures1/50,000th of the entire organ and is used in diseases that may not be
homogenously distributed. Post mortem studies have shown that in cirrhotic livers a single
biopsy will identify cirrhosis in 16/20 cases, and only rises to 100% when 3 biopsies have
been taken®®. When right and left lobes are sampled at laparoscopy investigators have found a
33 % difference in reported stage of fibrosis®’. Other authors found a 45% difference in scores

between 2 samples from the right lobe™.

Additionally, there are inter- and intra-observer differences in reporting of histological
features by pathologists. This variability is lower for the diagnosis of cirrhosis but some
studies have shown kappa scores as low as 0.59°°. Studies have also showed that the level of
experience (specialization, duration and location of practice) had more influence on agreement
than the characteristics of the specimen (length fibrosis class number). Studies on the quality
of biopsy have shown that the bigger the biopsy length the less is the sampling variability
with biopsies 25mm being the optimum length. Even at this length the sensitivity is 75%.
Smaller biopsies-both length and width have also been shown in other studies to tend to
underestimate the seQerity of fibrosis®'. This study recommended 20mm length 1.4mm wide
with at least 12 complete portal tracts for specimens to be considered to be accurate.
Reduction in the number of classes within the histological scale improves the quality of
agreement. The cost effectiveness of liver biopsy has not been widely reported although it
incurs direct (cost of procedure analysis and hospital time) about $1500-2000) and indirect

costs (time off work).Direct costs vary between hospital and countries.
The pathological classification of fibrosis severity into stages artificially represents fibrosis as

an ordinal 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 may constrain
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any test that is measured as a continuous variable which more captures the processes
underlying fibrosis. By its very nature the biopsy can give only a static picture of the liver

architecture whereas fibrosis is a dynamic process.

2.6 Epidemiology of Chronic Liver disease

The mechanisms involved in the development of liver fibrosis, and its association with
prognosis has been outlined above. The wider picture of the current prevalence of CLD and
estimates of the future burden are needed to confirm that it is a disease of importance to

patients, clinicians, and the health service.

2.6.1 Background

Whatever the insult to the liver for example, viral, alcohol, and obesity, it responds by
attempting to heal the wound as described above. The resultant chronic liver disease (CLD)
often remains clinically asymptomatic for many years making estimates of the true incidence
and prevalence of CLD difficult to ascertain. Other problems in determining the burden of
CLD include under-ascertainment of CLD using death certification as there is still stigma
attached to some CLD especially that associated with lifestyle choices such as ALD or CHC

acquired via injecting drug use.

A pragmatic difficulty in investigating the epidemiology of CLD is the lack of routine
computerised standardized data collection; the Health Protection Agency collects data on
laboratory results of positive viral hepatitis tests but this only gives information on those tested
and is often incomplete. Where datasets exist, the validity of many routine data (e.g. ONS

mortality and HES data) is unknown.

2.6.2 Trends in CLD

Best estimates using a variety of sources including routine datasets, have shown that CLD isa
serious public health problem encompassing not only physical and psychological morbidity
and mortality, but also incurring significant societal costs. From national mortality data CLD

is the 5™ commonest cause of death in middle-age in the UK®.
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Figure 2.6 Age standardised mortality rates England 1950-2000
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Age standardised mortality rate per 100,000 population over past 60 years showing a rise in CLD
especially ALD in the last 3 decades.

Morbidity and mortality in England have risen rapidly especially over the last two decades,
and continue to rise whilst death rates from CLD in Europe have declined in the same time
frame. (See Figures 2.6 and 2.7) This upward trend in the UK has been confirmed in two

studies of cirrhosis in the last two years® .
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Figure 2.7 Average age standardised death rates from chronic liver disease England &
European Union
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Age standardised mortality rate per 100,000 populations in England and European Union
showing the continuing increase in CLD mortality in England and fall in the EU
(From World Health Organisation (2001))

The age standardised mortality rate in 2004 was 151 per million population (males)-
see Table 1.
Table 2.1 Age standardised mortality rates for CL.D for England 2001-2004

Year Age standardised Age standardized
mortality rate per mortality rate per
1,000,000 males 1,000,000 females

2001 2y 77

2002 144 79

2003 1B 81

2004 151 83

There has been a steady rise in morbidity as measured by finished consultant episodes over the
past 10 years (Hospital Episode Statistics data) (see Figure 2.8a). In 2004/05 there were
34,323 admissions for chronic liver diseases (312,884 bed days) and almost 4000 admissions

for fibrosis and cirrhosis of the liver (25,000 bed days). The mean age of patients was 53 years

31



and mean length of stay was 6 days. There were 4,344 admissions for chronic viral hepatitis,
most of which (81%) were CHC, 23,000 for ALD (45% of total CLD admissions) and just
over 5000 admissions for malignant neoplasm of the liver/intra-hepatic bile ducts. The mean
length of stay for patients with cirrhosis/fibrosis was 12 days and for those with alcoholic liver

disease 14 days. This emphasises the economic cost to the NHS of chronic liver disease.

Figure 2.8 (a) Finished Consultant Episodes (FCE) for all CLD (males)
Figure 2.8 (b) Prevalence of CLD in Primary Care
(a) (b)

FCE rate of all liver diseases of the male population by 10-
year age band
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Prevalence of morbidity of CLD is increasing shown by increase in FCE (The time spent under the
care of a particular consultant is one episode of care) of all CLD ICD codes (a)

Data derived from Mediplus dataset which collates data on Read coded information on primary care
consultations shows an increase in prevalence identified in primary care (b).

These figures are likely to be an underestimate of the burden of current disease due to the
limitations of the datasets. In addition, they may represent the tip of a disease iceberg as there
is a lengthy latency period for liver disease, patients with hepatitis C infection or excess
alcohol consumption are traditionally hard to reach, and trends in some of the major risk

factors show an increase in prevalence.

In the UK consumption of alcohol has increased especially amongst young females. Also the
pattern of drinking has changed with more binge drinking which is associated with increased
risk of liver damage. The number of alcohol-related deaths in England and Wales has risen
throughout the 1980°s and 1990’s with alcohol related mortality rates in 2003 being 11.6 per
100,000. There has been a similar rise in the burden of ALD with a doubling of admissions
from 1995/96 to 2006/7. (Hospital Episode Statistics data http://www.hes.gov.uk).
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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 %%, The prevalence of NAFLD 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. Recent estimates predict over half of the UK population will
be obese by 2050°”. Estimates of the prevalence of steatosis are 10-20% of the general

population, and 75% of those with obesity.

2.6.3 Risk Factors for CLD

The three major causes of CLD in the UK (and western and developed world) are CHC (main
risk factor since the introduction of screening for blood products is injecting drug use (IDU))
ALD (main risk factor is chronic heavy alcohol consumption), and NAFLD (main risk factor
is rising incidence of childhood obesity and increased prevalence of obese adults and diabetes
type II).

All of these risk factors are increasing especially amongst the younger age groups and the
present epidemic of CLD is likely to get worse over the coming decades. There is a continuing
incident population of at-risk injecting drug users as about one third of young injecting drug
users share needles and equipment exposing themselves to infection with Hepatitis
C.(Unlinked Anonymous Prevalence and Monitoring Programme (UAPMP)68

(Figure 2.9 (a-b).
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Figure 2.9 Trends in risk factors for CLD
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Trends in risk factors for CLD are all increasing- (a) Alcohol consumption (b) Laboratory reports of
Hepatitis C (c) Obesity prevalence (d) injecting drug users sharing needles

There is therefore a potential for a marked increase in chronic liver disease (CLD) in the
coming decades. Patients with complications of severe CLD such as varices and hepatic
failure present complex medical problems for the health service, with expensive treatments
and long stays including use of intensive care. The need and demand for services including
transplant and the economic and societal burden, is likely to increase in the next two decades

due to the rise in risk factors over the past 30-40 years.
2.6.4 Natural history of CLD

The previous section has presented evidence that the prevalence of CLD in the UK population
is rising. In order to fully understand the underlying causes of this increase and to predict

future trends in the disease, it is important to know how each of the causes of CLD develops
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over time. The next section will provide an overview of the natural history of the major causes

of CLD - CHC, ALD, and NAFLD.

Natural history of CHC

CHC is a major healthcare problem with a worldwide prevalence of over 200 million, 66
million of whom are at risk of developing serious liver disease®. Prevalence is increasing, and
estimates of the future burden of CHC in many developed countries predict at least a three to
five fold rise in cirrhosis by 20207""%. Hepatitis C is caused by a RNA virus that is transmitted
via blood. Common routes of infection include injecting drug use, transfusion of blood
products before 1991 screening, and tattooing.

In acute Hepatitis C infection 15% of people clear the virus spontaneously. 65% of infected
people are asymptomatic, and the remainder have non-specific symptoms such as fatigue, poor
concentration, abdominal pain, “flu-like” symptoms. The symptoms of liver failure are rare
and generally appear very late in the course of the disease e.g. jaundice, bruising. It is thought
that 85 % patients infected with HCV will develop some form of chronic inflammation of the
liver. Of these patients, about 20 % will develop cirrhosis of the liver after about 20 years of

. . 74
infection”>’

(figure 2.10). When acquired in older age, the disease may progress more
rapidly. Ingestion of alcohol has been clearly associated with an increased rate of hepatic
inflammation”. CHC patients who drink alcohol excessively often have an acceleration of
their disease. Diagnosis is confirmed by measuring virus in serum using polymerase chain
reaction method. Treatment at present is with combination therapy with pegylated interferon
and ribavirin for 24 or 48 weeks. Response is dependent on the genotype of the virus but the
most favourable in Genotype 2 or 3 is 80-90% of people have a sustained response and clear
the virus. In Genotype 1 40-50% have a sustained viral response (SVR). There have been
recent changes in national guidelines following the publication of the cost effectiveness of

treating mild disease’®”. It is now no longer necessary to demonstrate that patients have

moderate fibrosis in order to offer anti-viral therapy’®.
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Figure 2.10 Clinical Course of Hepatitis C Infection
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Most people will develop chronic infection with Hepatitis C. Of these ~one third will progress to
cirrhosis.

Natural history of ALD
About 15-20% of all heavy drinkers get CLD. Reasons for this are not clear but genetic and
other environmental factors have been implicated.

ALD has three main pathological pictures:

Steatosis. This is the accumulation of fat within hepatocytes, and is reversible if the patient
stops drinking. However, fatty liver can lead to steatohepatitis where the steatosis is
accompanied by inflammation. This could progress to fibrosis and cirrhosis. (Figure 2.11 )
Patients with fatty liver are typically either asymptomatic or present with nonspecific
symptoms that do not suggest acute liver disease. Laboratory tests are not diagnostic of fatty
liver. Aminotransferases and alkaline phosphatase may be completely normal or only mildly

deranged. With abstinence, morphologic changes of fatty liver usually revert to normal.
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Figure 2.11 Progression of ALD in heavy drinkers
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The majority of long term heavy drinkers will develop fatty liver, but only ~10-35% develop hepatitis,
and ~8-20% will progress to cirrhosis. Genetic and environmental factors are thought fo play role in
ALD development”.,

Fatty liver has generally been considered to be a benign condition without risk of degeneration
to a more ominous pathologic finding such as alcoholic hepatitis or fibrosis. However,
although the short-term prognosis in patients with alcoholic steatosis is excellent, it has been
found with longer follow-up that cirrhosis develops more commonly in alcohol abusers with
fatty liver changes than in those with normal liver histology. Morphologic features predictive
of progression to fibrosis and/or cirrhosis include severe steatosis, giant mitochondria, and the
presence of mixed macro/microvesicular steatosis

Alcoholic Hepatitis can be acute or chronic and a typical clinical presentation is that of a
chronic drinker who has had a recent episode of exceptionally heavy consumption of alcohol.
Alcoholic hepatitis can range from a mild hepatitis, with abnormal laboratory tests being the
only indication of disease, to severe liver dysfunction with complications such as jaundice,
hepatic encephalopathy, ascites, bleeding esophageal varices (abnormal blood clotting and
coma. Alcoholic hepatitis is reversible if the patient stops drinking, but it usually takes several

months to resolve. Alcoholic hepatitis can lead to liver fibrosis and cirrhosis, and very
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frequently occurs in alcoholics who already have cirrhosis of the liver or severe fibrosis. 30-
day mortality in patients with alcoholic hepatitis ranges from 0% to 50%.

Alcoholic cirrhosis is usually micronodular (i.e. the regenerating liver nodules are small)
although nodules may enlarge and fibrous septa resolve to produce macronodular cirrhosis in
patients who have stopped drinking for many years. Alcoholic cirrhosis can occur in patients
who have never had evidence of alcoholic hepatitis. Cirrhosis can lead to end-stage liver
disease. It is important to note that not all heavy drinkers have fibrotic change in the liver,
although they are more vulnerable to the other adverse sequelae of alcohol abuse such as
societal, emotional, accidents etc. The clinical picture can therefore be difficult to untangle.
The presence of fibrosis indicates that the liver is being damaged and studies have shown that
if the individual continues to drink heavily then the progression to cirrhosis is inevitable with

71% mortality at 5 years follow up and 90% mortality at 15 years from alcoholic cirrhosis.

Long-term survival in patients with alcoholic hepatitis who discontinue alcohol is significantly
better than in those who continue to drink, although it remains considerably below that of an
age-matched population. Three-year survival approaches 90% in abstainers, whereas it is less
than 70% in active drinkers. Morphologic changes of alcoholic hepatitis may be completely
reversible in a small proportion of patients with strict abstinence. Although discontinuation of
excessive alcohol consumption improves survival in patients who have alcoholic hepatitis with

or without cirrhosis, even complete abstinence does not restore a normal life expectancy.

For those patients with decompensated alcoholic cirrhosis who undergo transplantation,
survival is comparable to that of patients with other causes of liver disease. Acute alcoholic
hepatitis, no matter how severe, is an absolute contraindication for liver transplantation. Most
transplant centers currently require patients with a history of alcohol abuse to have
documented abstinence of at least 6 months before undergoing transplantation. This
requirement theoretically has the dual advantage of predicting long-term sobriety and allowing
recovery of liver function from acute alcoholic hepatitis. This "6-month abstinence rule" may
not have much prognostic significance in predicting recidivism, however. Alcohol use of any
quantity after transplantation for alcohol-related liver disease approaches 50% during the first

5 years, and abuse occurs in up to 15% of patients.
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NAFLD

Nonalcoholic fatty liver disease (NAFLD) is an increasingly recognized form of chronic liver
disease. It encompasses a spectrum of conditions associated with lipid deposition in
hepatocytes. It ranges from steatosis (simple fatty liver), to nonalcoholic steatohepatitis
(NASH; fatty changes with inflammation and hepatocellular injury or fibrosis), to advanced
fibrosis and cirrhosis. Studies suggest that although simple fatty liver is a benign condition,
NASH may progress to fibrosis and lead to end-stage liver disease. The disease is mostly
silent, and often discovered through incidentally elevated liver enzyme levels. It is strongly
associated with obesity and insulin resistance and is currently considered by many as the
hepatic component of the metabolic syndrome. The pathophysiology is not completely
understood but accumulated triglycerides resulting from excess free fatty acids move into the
liver. These then trigger oxidative stress, cytokine (“adipokines™) and endotoxins which then
leads to necroinflammation which can in turn move on to fibrosis. Adipokines include
adiponectin, TNF-a and leptin. Adiponectin is anti-fibrotic and opposes fatty acid oxidation
and reduced the TNF-a activity. Patients with fibrosis have been shown to have low
adiponectin and high TNF o (which promotes insulin resistance and inflammation)’. Leptin is

involved in the fibrogenesis pathways promoting fibrosis®.

NASH cirrhosis is now one of the leading indications for liver transplantation in the United
States. Because NAFLD resembles alcoholic liver disease but occurs in people who drink little
or no alcohol, excessive daily alcohol consumption (more than 20 g/day in women and 30
g/day in men within the last 5 years) must be ruled out before making the diagnosis (350 ml
[12 oz] of beer, 120 ml [40z] of wine and 45 ml [1.5 oz] of spirits each contain 10 g of
alcohol).
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Figure 2.12 Natural history of Non-alcoholic fatty liver and NASH. Follow up 1-15
81

years

40 -
35 - = l___| Fatty liver
30 [] nasH

w

B 20 +

& 15
10 ~
5 -
0 T T T 1

Liver daath “Clinical™ Fibrosis Progression to
cirrhosis progreggion  “advancad”
fibrosis

Most of the advanced fibrosis occurs in those patients with NASH, although steatosis is not always a

benign condition.

The natural history of NAFLD/NASH is not well defined, but it does seem that it is varied,
some patients progress at varying rates to cirrhosis, some remain stable at the same
histological stage and grade and some have regression of disease or exist in variations of the
above e.g. isolated portal fibrosis (Figure 2.12). The long term prognosis depends on the stage
of disease at presentation. In one study 25% of NASH with or without fibrosis on the index
biopsy developed clinical evidence of cirrhosis with 11-33% dying a liver related death®.
Recent studies indicate that NASH can result in the development of fibrosis in up to 30% of
patients®**. Once cirrhosis develops prognosis is poor with outcomes with Child Pugh Class
B and C similar to those reported for CHC (details of clinical prognostic scales are reported in
appendix 2). However cardiovascular mortality may be greater in cirrhotic patients with
NASH3%8 _ Currently most people regard simple steatosis as a relatively benign condition,
although NASH may develop and this latter group need to be more carefully monitored as
progression of fibrosis is more common. Some studies have estimated that ~1-2 % of those

with steatosis may progress to cirrhosis (Figure 2.13).
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Figure 2.13 Progression of disease in NAFLD
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A small proportion of people with simple steatosis progress to NASH and a proportion of these
people will progress to cirrhosis and clinical outcomes.

2.6.5 Conclusion

The natural history of each cause of CLD varies depending on whether the original insult is
infective, metabolic or toxic. Not all those people subject to the insult develop CLD although
exact mechanisms for this remain unclear in all three causes.

The development of cirrhosis takes about 10-20 years in all cases. Once cirrhosis has
developed the clinical course appears to be broadly similar with signs of clinical
decompensation the same whatever the original insult. The mortality for each CLD cause may
be complicated by cause specific non- liver related reasons, such as accidents for alcoholics in
ALD, overdose and self harming for injecting drug users in CHC, and increased

cardiovascular deaths for obese/metabolic syndrome patients in NAFLD.
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" CHAPTER 3
SYSTEMATIC REVIEWS OF
SERUM MARKERS IN ASSESSING LIVER FIBROSIS

In this chapter the evidence is presented describing the diagnostic performance of non-
invasive markers of liver fibrosis in the three main chronic liver diseases (CHC,
NAFLD/NASH, and ALD). Three systematic reviews were conducted using a common
methodology. Any differences in the methodology relating to the cause of CLD studied have
been detailed. Search strategies are presented in Appendix 2. The results for each systematic

review are reported separately, and a common discussion is presented for all three reviews.

3.1 Introduction

Chapter 2 has shown that liver fibrosis may be used as a surrogate for clinical outcome. It also
identified limitations of using liver biopsy as a reference standard for liver fibrosis. Clinicians
and patients require accurate information about the degree of liver fibrosis to assess disease
severity, in order to guide management decisions, predict outcome and monitor disease. Serum
markers of liver fibrosis offer an attractive alternative to liver biopsy, as they are less invasive,
may allow dynamic calibration of fibrosis, and can be more cost effective. They can be
divided into “indirect” markers that reflect disordered liver function or structural disruption
(Alanine amino transferase, Aspartate amino transferase, bilirubin, platelets), and “direct”
markers that are molecules associated with the synthesis and degradation of extracellular
matrix (e.g. tissue inhibitor of matrix metalloproteinase-1(TIMP-1) and Hyaluronic Acid
(HA).

Evidence of the diagnostic performance of serum markers of liver fibrosis in the major causes
of CLD (previously introduced in Chapter 1) is needed to assess the clinical utility and
effectiveness of such tests in the diagnosis, prognosis and management of liver disease. In
order to provide such evidence, three systematic reviews were conducted to locate, collate,
appraise and analyse studies that evaluated the performance of non invasive tests in the

diagnosis of liver fibrosis in each of CHC, NAFLD and ALD.
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3.2. Systematic review of the diagnostic performance of non-invasive markers of liver
fibrosis in Chronic Hepatitis C

A narrative systematic review of the performance of single or multiple surrogate markers,
compared to histology, in assessing fibrosis in CHC was conducted up to 2002*". The
diagnostic accuracy appeared greatest and most promising in the studies using a panel of
serum markers. We have built on this work and have performed systematic reviews to assess
the diagnostic performance of panels of serum markers of hepatic fibrosis in CHC,

incorporating analyses which place such markers in a clinical context.

3.2.1 Methods (common to all three systematic reviews)
The three reviews were conducted following accepted principles®. A systematic literature
search was performed to ascertain the diagnostic performance of non invasive markers of liver
fibrosis.
Sources searched included:
¢ FElectronic databases
o CHC 1985 — October 2004: Cochrane Library 2004
o ALD 1980- October 2005 Cochrane Library 2005
o NASH/NAFLD 1996 - October 2005: Cochrane Library 2005

MEDLINE, EMBASE were searched using a search strategy derived from the literature®**°.

Search terms were added following initial searches as appropriate.
¢ Relevant websites: American Association for the Study of the Liver, European
Association for the Study of the Liver, Digestive Disease Week for conference
proceedings or abstracts (2002-2004).

e Reference lists from relevant articles.

e Experts on diagnostic test reviews were consulted (Professor Jonathan Deeks and Ms

Jacqueline Dinnes)
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Inclusion criteria
Studies were included if they;

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

e were written in English

e used liver biopsy as a reference standard.

e included >30 participants (as smaller studies will be underpowered to produce precise
estimates of test performance and would be more likely to produce zero denominator
effects in a 2x2 table. Confidence intervals would be very wide and inclusion in
SROC where studies are unweighted may result in skewed unreliable results).

e evaluated panels of > 2 serum markers (CHC)

e allowed extraction of data for interferon naive patients (CHC)

e recorded alcohol consumption of subjects (NAFL/NASH)

e separated data according to the cause of liver disease.

Exclusion criteria
Studies were excluded if;
o data on disease-specific cause were not separately extractable
o the study did not produce a composite serum marker fibrosis score (CHC)
e data on fibrosis stage(s) were not extractable (NAFLD/NASH)
o data were presented only in abstract form.
A serum marker was defined as any measure that could be derived from a blood sample.
Studies identified by the search strategy were assessed for inclusion by two reviewers (JP and

Dr Neil Guha). Both reviewers read each and all abstracts retrieved by the searches.
Data extraction strategy

Data extraction was undertaken by one reviewer and checked by a second reviewer with any
disagreements being resolved through discussion. A third reviewer was consulted 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’’.  (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) (14). The
percentage of patients in each study to which the different thresholds could be applied were
derived where possible. We evaluated the performance of tests at thresholds which produced
clinically useful predictive values with acceptable disease specific false negative and positive
rates, based on local clinical opinion (NPV >95% PPV >90%). This could then allow liver
biopsy to 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 (FO/F1 vs. F2/F3/F4 and also for cirrhosis or no cirrhosis (FO/F1/F2/F3/vs F4).
Summative statistics were used to combine results where appropriate, including summative
receiver operator characteristic curves (SROC) (Moses Littenberg method) 92,93 using STATA
version 11 package. This method uses a logistic transformation and linear regression to
producé a summary receiver operator characteristic curve extending the logic of meta analysis
to diagnostic testing. The SROC analysis involves three steps: (1) the pairs of True positive
and false positive estimates from each study are transformed onto a suitable scale of log odds;
(2) a linear regression equation is fitted using the transformed data; and (3) the coefficients
from the linear regression model are used to generate a curve in the original ROC space. The
area under the curve (AUC) (in this case, being the area under the SROC curve) presents an
overall summary of test performance and displays the trade-off between sensitivity and
specificity. An AUC of 1.0 (100%) indicates perfect discriminatory ability of the diagnostic
test. In addition, the Q index is another useful global estimate of test accuracy for comparing

SROC curves. The Q*index, defined by the point where sensitivity equals specificity on the
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SROC curve, is the point on the SROC curve that is intersected by the anti-diagonal. A Q

value of 1.0 indicates 100% accuracy (sensitivity and specificity of 100%)

SROC curves were derived for all tests and all thresholds as performed in previous analyses’,
though available software for SROC does not allow for varying numbers of thresholds per
study, and also with available data at three thresholds (one per study) low, mid-point, and
high (Figures lato 1¢)°>*® . A summary value of DOR, sensitivity and specificity were
calculated for the SROC. Sub group analyses by method of recruitment, quality of biopsy and
scoring system were undertaken.

T-test for independent samples was used to compare the effect of characteristics of the studies

(such as methods of recruitment and histology classification) on the test performance results.

3.2.2. Results of CHC systematic review

Study characteristics

The electronic search yielded 2,766 abstracts which were read in full. Most were excluded as
they did not evaluate serum markers, or the reference standard was not diagnosis of liver
fibrosis on biopsy. This was expected as the search strategy was designed to have high
sensitivity and low specificity. 25 full papers were retrieved of which 11 were excluded
leaving 14 studies in separate populations to be included in the review (see Table 1). Reasons

for exclusion were;

e single markers 4 papers
e less than 30 participants 4 papers
e no reference test 1 paper

In addition two reviews were identified; a systematic review of all serum markers and an
overview of two markers (Fibrotest and Actitest™®). All relevant studies fulfilling inclusion
criteria have been included in this review. Primary data from several studies presented in the

Fibrotest/Actitest review but not reported elsewhere were utilized in the summative analysis.
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Table 3.1 Characteristics of studies evaluating the performance of panels of serum markers of liver fibrosis in CHC F0/1 vs F2/3/4

Author Total Serum marker tests in | Test used | Validity Patient Age % % % Liver Biopsy
Year no. panel to sample selection mean | male | severe | IDU | biopsy Mean
published Patients compare | (n) (yrs) fibrosis | / scoring Length
(date of in study Alc* | system (L)
study) Portal
country Tracts
(no. centres) (PT)
Observer
s (0)
Imbert- 339 AST, ALT, albumin, o.; | n/r Training set | *DOSVIRC | 47 58 40 n/r METAVIR | >10 mm
Bismut globulin, B globulin, y (n=205) cohort €L
2001%" globulin, bilirubin, /s (PT)
(08/97- GGT,a , macroglobulin, Internal Prospective 1(0)
03/00) haptoglobulin, validation recruitment
France (1) apolipoprotein Al. set (n=134)
Rossi 2003 | 125 bilirubin, GGT,a. , n/r Whole study | Consecutive | 40 66 38 n/r METAVIR | n/s (L)
(01/98- macroglobulin, = external prospective
11/01) haptoglobulin, validation of | recruitment
Australia (1) apolipoprotein Al test n/s (PT)
corrected for age and
sex.(Fibrotest)
1(0)
Poynard 352 FT-AT (Fibrotest + Fibrotest | Whole study | From RCT 45 64 17 n/r .| METAVIR | 17 mm
(2003) ALT) = external treatment & Knodell | (L)
(03/98- validation of | (n=1530) >6 mm in
%10/00) test 89 % (PT)
Europe Retrospective
Argentina recruitment 1(0)
Canada USA
(62)
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Author Total Serum marker tests in | Test used | Validity Patient Age % % % Liver Biopsy
Year no. panel to sample selection mean | male | severe | IDU | biopsy Mean
published Patients compare | (m) (yrs) fibrosis | / scoring Length
(date of in study Alc* | system (L)
study) Portal
country Tracts
(no. centres) (PT)
Observer
s(0)

Wai 2003™ | 270 AST: platelet ratio n/r Training set | Retrospective | 46 64 64 41 Ishak n/s (L)
(01/01- (APR]) (192) recruitment /s (PT)
01/03) Internal 1(0)
USA (1) validation

(78)
Le Calvez 323 AST: platelet ratio Fibrotest | Whole study | *DOSVIRC | n/r n/r 41 nr | METAVIR | > 10 mm
(2004)'! (APRD) = external cohort L)
08/97-03/00) validation of | Retrospective n/s (PT)
France (1) test recruitment n/s (O)
Forns 2002'? | 476 Age, GGT, cholesterol, | n/r Training set | Consecutive | 39 64 25 n/r Scheuer /s (L)
(07/96- platelets (Forns Index) (n=351) prospective >6 (PT)
12/99) Internal recruitment 1(0)
Spain (1) validation

(n=125)
Thabut 249 Forns index score Fibrotest | Whole study | *DOSVIRC | n/r n/r 38 n/r METAVIR | > 10 mm
(2004)' (Age, GGT, cholesterol, = external cohort L)
(08/973/00) platelets) validation of | Retrospective /s (PT)
Fr (1) : test recruitment /s (0)
Sud 2004 | 302 Fibrosis probability | APRI Training | Consecutive | 41 56 |54 61 | Scheuer | n/s(L)
(05/99- index =age, AST, set (n=176) | Prospective n/s (PT)
08/02) HOMA-IR (fasting Internal recruitment n/s (O)
Australia glucose* gluc/22.5), validation
(2centres total cholesterol, set (n=126)
single city) alcohol consumption.
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Author Total Serum marker tests in | Test used | Validity Patient Age % % % Liver Biopsy
Year no. panel to sample selection mean male | severe | IDU | biopsy Mean
published Patients compare | (n) (yrs) fibrosis | / scoring Length
(date of in study Alc* | system (L)
study) Portal
country Tracts
(no. centres) PT)

Observer

s (0)
Leroy 388 PIIINP/MMP- PIIINP Training set | Consecutive | 43 64 45 40 METAVIR | 19 mm
2004'% 1/HA/MMP-2/MMP- | HA (n=194) prospective (L)
(1999-2000) 9/TIMP-1/TIMP-2 Age recruitment 14 (PT)
France (1) matched 1(0)

controls(n=1
94)
El Shorbagy | 109 Platelets, MMP-9, nr Training set | CHC patients | 47 71 80 n/r | Local n/s (L)
(2004'% portal vein diameter, (n=109) from general scoring /s (PT)
2000-2003 splenic longitudinal population system n/s (O)
Egypt (1) axis, ALT, AST, viral screening
load.
Patel 696 HA, TIMP-1, a.2 HA Training set | Retrospective | 45 69 51 n/r METAVIR | 13 mm
(2004)" macroglobulin TIMP1, (n=294) selection L)
(1992-2001) a2 External made on >5 (PT)
USA France macroglo | validation equal 1(0)
@) bulin set (n=492) | numbers FO-
F4

Rosenberg 3 marker panel — n'r Training set | Prospective | 44 63 27 n/r | Scheuer >12 mm
2004 325 age, HA, PIIINP, (n=164) recruitment (L)
(1998-2000) TIMP-1. External >5 (PT)
England, validation 1(0)
(8Ttaly (2) set (n=261)
Sweden (1)
Germany(2)
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Author Total Serum marker tests in | Test used | Validity Patient Age % % % Liver Biopsy
Year no. panel to sample selection mean | male | severe | IDU | biopsy Mean
published Patients compare | (n) (yrs) fibrosis | / scoring Length
(date of in study Alc* | system (L)
study) Portal
country Tracts
(no. centres) (PT)
Observer
s (0)
FO F1 F2 F3 vs F4
Kaul 2002'% | 264 Probability model — n/t | Trainingset | Retrospective | n/r 45 61 33 Scheuer /s (L)
(01/89- Platelets, AST, sex, (264) recruitment n/s (PT)
10/98) spider naevi. External 1(0)
USA (2) validation set
(102) _

Fortunato 103 Fibronectin, n/r Training set | Prospective n/r n/r n/r n/r Desmet n/s (L)
(2001)'% prothrombin, (63) recruitment n/s (PT)
Italy (1) pseudocholinesteras, Internal >2(0)

ALT, manganese validation set

superoxide dismutase (40)

N-acetyl P -

glucosaminidase.

Abbreviations GGT= y-glutamyl- transpeptidase, AST=aspartate transaminase ALT alanine amino transferase HA= hyaluronic

acid; TIMP-1= Tissue inhibitor of matrix metalloproteinase 1; PIINP=Amino terminal peptide of procollagen III; MMP= matrix
metalloproteinase -9; CAH=Chronic active hepatitis; n/r=not reported * DOSVIRC cohort =single centre cohort liver unit of Pitie-
Salpetrie Hospital Paris * co morbidity with respect to % study population IDU/heavy alcohol consumer
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The full QUADAS assessments are presented in Appendix 3. In general the studies were of
reasonable quality with 12 studies reporting positively to more than ten of the QUADAS
criteria, with similar criteria being met or unmet. Most studies met the criteria of all
participants having both index and reference test, blinding of test evaluation, and
independence of index and reference test. Withdrawals from the study were less well
explained and six studies did not include a validation of the score. Overall the studies were of
reasonable quality. 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, the median proportion of male
subjects was 64% (range 45-71%) and (where feported) the average age of subjects ranged
between 39-47 yrs. Only four studies presented CHC risk factors. The proportion with
moderate/severe fibrosis (F2 F3 F4) was 43% (median) with a range of 17-80%.

Histological Staging

The fibrosis staging systems used to classify the histology varied, METAVIR (7), Schemer
(4), Ishak (1), Knodell (1), Desmet (1) and local scoring system (1). Sub-group analyses found
that there was no significant difference in the AUC results (p=0.6) depending on which of two
commonest fibrosis staging systems -METAVIR (6 studies) and Scheuer (5 studies) - was

used.

Liver biopsy Size

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. There was no difference in AUC results
between those reporting adequate (>15mm length (6) or > 5 portal tracts (4) and inadequate
samples (p=0.6). Study design was similar in most studies, with paired histology and serum
samples on individual patients with untreated CHC 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. Analyses correcting for the differences in
recruitment (prospective vs. retrospective) showed no difference in results (p=0.8). 11 studies

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

51




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).

Results from studies differentiating (F0/F1 vs. F2/F3/F4)

For those studies presenting data on mild versus moderate/severe fibrosis, 10 studies presented
data at several thresholds and presented sufficient information to permit the derivation of true
positive, true negative, false positive, and false negative rates (Table 2). The number of
thresholds presented for each test varied.

AUC for Receiver Operating Characteristic (ROC) curves were presented in 13/14 studies. For
most studies the AUC varied between training and validation sets with performance generally
being lower in validation than in training (Table 3.2). There was variation in the performance
of the same tests using an identical threshold in different populations (e.g. Specificity of

Fibrotest at threshold of 0.3 varied in three studies from 45-61%)
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T ablé 3.2 Results of studies evaluating the performance of panels of serum markers of liver fibrosis in CHC F0/1 vs. F2/3/4

Study and year | Cut off
L Cumulative | Sensitivity | Specificity | PPV % NPV % + VE LR -VE LR AUC
of publication levels
% % %
reported
FIBROTEST
T \Y T \Y% T |V T vV [T \Y% T \Y% T \Y T \Y
Imbert- 0.1 16 12 97 100 24 |22 44 |51 |93 100 | 1.3 1.3 0.1 0
Bismut(2001) 0.3 48 39 79 87 65 |59 58 |63 |84 85 23 |21 03 |02 |084 |0.87
0.6 77 66 |51 70 94 |95 84 |91 |76 |80 8.6 | 129 0.5 |03
kokk 0.8 86 81 29 |38 95 |97 78 |92 |69 |66 57 142 0.7 |06
Rossi (2003) 0.1 n/a 21 n/a |92 n/a |29 na |45 |n/a |85 |na |13 |n/a |03
0.2 n/a 38 n/a | 83 n/a | 52 na |52 |nfa |83 na | 1.7 |na |03
0.3 n/a 47 na |75 n/a | 61 na |54 |na |80 na |19 |na |04
0.4 n/a 61 n/a | 67 n/a |78 na |65 |nfa |79 nfa |3 n/a | 0.4
0.5 n/a 69 |n/a |56 n/a | 85 na |70 |n/a |76 |n/a |3.6 |na |05 |na 0.74
0.6 n/a 80 nfa | 42 n/a | 94 na |78 |nfa |72 na |64 |na |06
0.7 n/a 82 n/a | 35 n/a | 94 na |77 |n/a |70 na |54 |n/a |07
0.8 n/a 89 |n/a |22 n/a | 96 na |79 | n/a |66 na |58 |na |08
0.9 n/a 95 na |8 n/a | 97 n/a |57 |n/a |63 na |32 |na |09
Poynard (2003) | 0.1 n/a 6 n/a | 97 n/a | 80 n/a |41 |nfa |81 |n/a |1.1 |n/a |04
( Before 0.3 n/a 33 |n/a |86 n/a | 45 n/a |50 |nfa |83 |n/a |16 |n/a |03 |[nfa |0.73
Treatment) 0.6 n/a 67 |n/a |50 n/a | 79 nfa |61 |nfa |71 |n/a |24 |n/a |0.6
0.8 n/a 890 |n/a |20 n/a | 95 nfa |72 |nfa |65 |n/a |39 |n/a |08
APRI
Wai (2003) 0.5 29 na |91 |n/a |47 |n/a 61 |na |8 |nfa |17 |n/a |02 |n/a |08 |0.9
1.5 78 nfa (41 |n/a |95 |n/a 88 |n/a |64 |n/a |82 [n/a |0.6 |n/a
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Study and year | Cut off
. Cumulative | Sensitivity | Specificity | PPV % NPV % +VE LR -VE LR AUC
of publication levels
[)) o [))
reported % % %
T* V** | T A% T A% T V |T A% T A% T V T V
Le Calvez 0.5 n/a 41 nfa | 81 n/a | 56 na |56 |n/a | 81 na | 1.8 |na |03
(2004) 1.0 n/a 68 nfa | 54 n/a | 84 na |70 |n/a |73 nfa |33 |na |05 |na 0.74
(APRIVAL) 1.5 n/a 80 nfa | 36 n/a | 91 na |73 |n/a | 68 na |41 |n/a |0.7
*okE 2 n/a 87 na |24 n/a | 95 na |76 | nfa |65 na |45 |na |08
Sud (2004) n/r n/a na |na |na n/a | n/a na |nfa |na |na |nfa |na |nfa |nfa |nfa 0.76
T A% T vV T V T vV | T vV T vV T A% T A%
FORNS
Forns (2002) 4.2 36 39 94 94 45 |51 35 |40 | 96 96 1.7 {19 |01 0.1 |0.84 |0.77
6.9 87 88 44 30 9 | 95 79 |66 | 84 80 116 | 6.0 | 0.6 |0.7
Thabut (2004) 1 n/a 2 nfa |1 nfa |4 n/a |39 |na |1 na |1 n/a |0
(FORNS VAL) |3 n/a 16 na |1 n/a |26 nfa |45 |n/a |1 na |14 |na |0 n/a 0.78
*k 6 n/a 70 na |55 n/a | 86 na |70 |n/a |75 na |3.8 |na |05
8 n/a 91 na |19 n/a | 97 na |78 |na | 66 na |58 |na |0.8
Sud (2004) n/r n/r nr | nr | wr nr | nr nr |n/r |nr |nr |nr |nr |nr |nr | nr 0.76
Sud (2004) 0.1 14 16 100 |91 26 |25 56 |63 | 100 |65 1.4 |12 |0 0.4
0.2 24 29 96 85 43 | 48 61 [70 |93 69 17 | 1.6 |01 |03
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 28 22 102 [05
0.5 52 55 73 64 74 | 81 72 (83 |75 61 28 |33 |04 |05 |0.84 |0.77
0.6 57 60 58 58 83 |85 76 1 84 |68 58 34 |38 |05 |05
0.7 72 70 49 49 91 |96 83 |95 |66 57 56 126 0.6 |05
0.8 76 75 43 42 94 | 98 87 |97 |64 54 6.6 |21.8 06 |0.6
0.9 87 88 27 19 100 | 98 100 | 93 | 60 46 E 98 |07 |0.8
Leroy (2004) 0.2 24 n/a |91 n/a 35 | n/a 55 |n/a |8 | na |15 na |02 |na
0.3 61 nfa | 65 n/a 85 | n/a 76 |n/a |75 nfa (43 |na |04 |na |0.82 |na
0.4 82 n/a |35 n/a 96 | n/a 91 |n/a |65 na |86 |na |07 |na
0.5 93 nfa |17 n/a 99 | n/a 100 | n/a | 60 na |33.1 |na |08 |n/a
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Study and year | Cut off
o Cumulative | Semsitivity | Specificity | PPV % NPV % + VE LR -VE LR AUC
of publication levels
L] o L]
reported % % o
El Shorbagy 0-3 32 n/a |82 |n/a 80 | n/a 51 |nfa |95 na |42 |n/a |02 |na
2004 4-6 ~55 na |69 |n/a 67 | n/a 77 | n/a | 57 na |21 |na |05 |na |08 n/a
6-9 M7~ n/a | 80 n/a 97 |n/a 84 |n/a | 96 na 237 |nfa |02 |n/a
Patel (2004) 0.36 41 47 83 77 66 |73 72 |76 |79 |75 24 129 |03 |03
T v T v T v T vV | T \Y% T v T \Y% T |V
ELF 0.063 n/a | 95 n/a |29 na |28 | n/a |95 n/a n/a
Rosenberg 0.067 n/a | 90 n/a |31 na |28 | na |92 n/a n/a
(2004) 0.09 n/a | 85 n/a | 43 n/a |30 | n/a |91 n/a n/a
0.126 n/a | 80 n/a | 58 n/a |35 | na |91 n/a n/a 0.77
0.190 n/a | 63 n/a | 80 na |48 | n/a | 89 n/a n/a
0.219 n/a |52 n/a | 85 na |50 | na |86 n/a n/a
0.268 n/a | 47 n/a | 90 n/a |58 |n/a |8 |n/a n/a
0.426 n/a | 38 n/a | 95 na |70 |n/a |84 |n/a n/a
0.564 n/a | 30 n/a | 99 n/a |90 |n/a |83 n/a n/a

***% from Comparative Hepatology Poynard T. et al 2004 * T=training population **V=validation population
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Median AUC 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 of 5 to 27. The cumulative percentage of patients to whom the
panel score was applicable at each cut-off is presented (Table 2). 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 value

used.

Figure 3.1: Summative Receiver Operator Characteristic Curves
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la: mid range thresholds 1b: lowest reported lc: highest reported thresholds
Summative statistics
DOR =6.52 (1.69-25.23) DOR = 6.39 (1.89-21.65) DOR =9.96 (8.15-12)
Sensitivity = 59.8% Sensitivity = 94.8% Sensitivity = 40.1%
Specificity = 87.7% Specificity = 35.8% Specificity = 95%

Figures 1a to 1c show SROC curves of panels of serum markers combined at high, mid and low
thresholds showing summative diagnostic odds ratios, sensitivity and specificity

At each threshold tests perform with either high sensitivity with low specificity or vice-versa
(see Figures lato 1d). The summative DORs at low, mid and high thresholds are all <10.
None of the panels showed a statistically significant difference in performance from each

other.
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Figure 3.1d: Summative Receiver Operator characteristic curve for all panel serum

markers at all thresholds
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Test for heterogeneity p=<0.0001

Figure 1d shows SROC curve of all panels of serum markers at all thresholds summative diagnostic
odds ratios, sensitivity and specificity
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Figure 3.2 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 1,000 patients with CHC (i.e. with a 10% false positive rate and a 5% false
negative rate). 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 et al'®, 51% of people
had test results at these thresholds and would be able to avoid biopsies (19). 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.

Figure 3.2 Performance of panels of serum markers of liver fibrosis in a theoretical
population of 1000 patients with CHC to distinguish F0,1 Vs. F2-4 (using NPV 95% and
PPV 90%)
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Utility model showing for each study the percentage of correctly allocated (blue) false test (purple
collar) and those tests that cannot be allocated (cream)
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Results from studies differentiating (F0/F1/F2/F3 vs. F4) in CHC
In studies that reported results for FO, 1, 2, 3 vs. F4 (i.e. no cirrhosis versus cirrhosis) all of the
surrogate markers performed at a higher level, with the AUC and sensitivity and specificity

being greater at all thresholds. (Table 3.3)
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Table 3.3 Results of studies evaluating the performance of panels of serum markers of liver fibrosis in CHC

F0 F1 F2 F3 vs F4 (cirrhosis /not cirrhosis)

Study and year of | Cut off levels
publication reported Sensitivity Specificity PPV NPV + VE LR -VELR AUC
(date of study)
country (no
centres)
FIBROTEST
T \Y% T \Y% T \Y% T \Y% T \Y% T \Y% T \Y%
Imbert- <0.8 n/r n/r n/r n/r 85 n/r n/r n/r n/r n/r n/r n/r
Bismut(2001) >0.8 90 0.92
$ok ok
Poynard (2003) n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r 0.73
APRI
Wai (2003) <0.1 89 n'r 75 n/r 38 35 98 100 | n/r n/r n/r n/r 0.89 | 0.94
: <0.2 57 n/r 93 n/r 57 65 93 95 n/r n/r n/r n/r

Le Calvez (2004) n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r 0.80
PIIINP MMP1
Leroy (2004) 0.2 94 n'r 28 n/r n/r n/r 95 n'r n'r n/r n/r n/r 0,88

0.3 85 n/r 74 n/r 43 n/r 95 n/r n/r n/r n/r n/r

0.4 58 n/r 98 n/r 66 n/r 91 n/r n/r nr | nr n/r

0.5 26 n/r 97 n/r 77 n/r n/r n/r n/r n/r n/r
El Shorbagy n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r 0.8
(2004)
Kaul (2002) n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r n/r 0.93 |0.93

60




3.3 Systematic review of the diagnostic performance of non-invasive markers of liver
fibrosis in Non-alcoholic fatty liver disease

The methodology differed from that used for CHC in that the search included studies of the
diagnostic performance of all non-invasivé markers including single serum markers as well as
panels of markers, and other methods such as ultrasound. This was because no previous
systematic review has been performed to differentiate the performance of single and multiple
markers and because other modalities of non-invasive testing have been investigated in

NAFLD/NASH.

3.3.1. Results of systematic review of NAFLD

Study characteristics

The electronic search yielded 1,781 abstracts which were read in full. Most were excluded as
they did not evaluate serum markers in diagnosis of liver fibrosis on biopsy. This was
expected as the search strategy was designed to have high sensitivity and low. specificity. 47
full papers were retrieved of which 18 were excluded leaving 29 studies in separate '
populations to be included in the review.

The demographics of patients included in the final analysis are shown in Table 3.4 .The
prevalence of severe fibrosis (grade 3-4) ranged from 9 % to 43 % with a median of 22.5%.
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 of length 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 (AUC). 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).
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Table 3.4 Characteristics of studies evaluating non-invasive markers of fibrosis in NAFLD

Study Total Patient selection Prevalence of | Age % BMI Alcohol | % Liver Variables
Author No. Steatosis (S) Mean | male | Mean diabetes/ | biopsy measured
Year of Patient Inflammation | (medn) (medn) HT Score
publication D
Date of Fibrosis (F) Length (L)
Study Portal tract
Country (PT)
Observers
©)
Angulo 144 NAFLD on biopsy and | 73 % grade 2-3 | (50.5) | 33 31.2 <40 28 % Modified Age
persistently abnormal S) g/week diabetes | Brunt AST/ ALT >1
1999*° LFTS for more than 3 ALT
USA months. 27 % L (n/s) Albumin
Prospective and significant PT (n/s) Transferrin
retrospective fibrosis (F3/4) O (n/s) saturation
recruitment Diabetes
Rosenberg 61 NAFLD on biopsy and | 27 % 44 63 n/s n/s n/s Scheuer Age
2004 abnormal LFTS for 6 significant HA
Europe months. fibrosis (F3/4) L (>12 mm) | P IIINP
PT (>5) TIMP-1
Prospective recruitment 0(3)
Sakaguwa 112 NAFLD on biopsy 63 % NASH 51 32 29 <30g/d |30% Modified Female
43 % diabetes | Brunt Platelets
2005 significant Albumin
Japan fibrosis (F3/4) L (n/s) GGT
PT (n/s) AST/ALT
0®) HA, Type IV
collagen
Albano 167 NAFLD on biopsy. 44 % NASH 55 61 35 <20g/d 29 % Modified Age
(NAFLD | Case controlled: 17 % diabetes | Brunt AST/ALT >1
2005 ) NAFLD vs. controls significant L (n/s) Diabetes
UK 59 Prospective consecutive | fibrosis (F3/4) PT (n/s) Malondialdehyde
(controls) | recruitment 0() (MDA)
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Study Total No. | Patient selection Prevalence of Age % BMI Alcohol % Liver biopsy | Variables measured
Author Patient Steatosis (S) Mean male | Mean diabetes/ | Score
Year of Inflammation (medn) (medn) HT
publication @O Length (L)
Date of Fibrosis (F) Portal tract
Study (PT)
Country Observers
©)
Mofrad 51 NAFLD on biopsy with 72 % grade 2-3 53 31 29 <20 g/d 57 % Modified Diabetes
normal ALT (S) diabetes Brunt
2003'? 36 % severe 47 %
USA fibrosis (F3/4) hypertensi | L (1/s)
on PT (n/s)
o
Shimada 81 NASH on biopsy 82 % grade 2/3 (54) 49 (26) <20 31% Brunt Age
S g/week diabetes Platelet count,
2002'? Prospective recruitment 100 % NASH L (v/s) AST/ALT >1,
Japan 28 % severe PT (n/s) Albumin, Bilirubin,
fibrosis (F3/4) o ferritin, platelets,
IgA, PT, type IV
collagen, raised
lipids
Dixon 105 Patients undergoing 25 % NASH. 41 21 47 <200 18 % Brunt Male
2001'"* laparoscopic banding and | 10 % severe g/week diabetes Diabetes
Australia liver biopsy with BMI fibrosis (F3/4) 39% L (1/s) Hypertension
>35. hypertensi | PT (>6) ALT
Prospective consecutive on o C peptide
recruitment
Beymer 48 BMI >35 undergoing 64 % grade 2/3 42 31 60 <20 g/mth | 19% Ishak Diabetes
2003'" gastric bypass surgery and | (S) diabetes
USA liver biopsy 33 % NASH L (n/s)
12 % severe PT (n/s)
Prospective consecutive fibrosis (F3/4) o

recruitment
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Study Total No. | Patient selection Prevalence of Age % BMI Alcohol % Liver biopsy | Variables measured
Author Patient Steatosis (S) Mean male | Mean diabetes/ | Score
Year of Inflammation (medn) (medn) HT
publication M Length (L)
Date of Fibrosis (F) Portal tract
Study 7
Country Observers
((8))
Bugianesi 167 Raised transaminases (>6 | 47 % grade 2/3 4] 83 28 <20 g/d 8% Modified Age, female,
months) and bright liver (S) diabetes Brunt BMI, AST/ALT
2004'"° onU/Sand NAFLDon | 21 % severe Ferritin
Ttaly biopsy. fibrosis (F3/4) L (1/s) OGIS, 1/QUICKI
PT (n/s) HOMA-IR
Prospective recruitment O (n/s)
Dixon 105 Patients with BMI >35 34 % NASH 42 26 >35 <200 n/s Brunt ALT
2003""7 undergoing laparoscopic 14 % severe g/week HOMA IR
Australia banding and liver biopsy | fibrosis (F 3/4) L (n/s) Polymorphisms in
PT (>6) transforming growth
Prospective recruitment o (TGF) factor and
angio-tensinogen
(AT)
Hui 109 Patients referred with 50 % grade 2/3 48 63 30 <40 32% Brunt | Age
(NAFLD) | abnormal LFTS or hepatic | (S) g/week diabetes in HOMA-IR
2004" steatosis on U/S and 73 % NASH NAFLD | L (n/s)
Australia 82 NAFLD on biopsy. 28 % sever group PT (n/s)
(controls) | Controls matched by age | fibrosis (F3/4) : owm
and BML
CCS /prospective
Guidorizzi 64 Patients with NAFLD 84 % NASH 45 78 28 <20 11 % Brunt HOMA-IR
on biopsy. 11 % severe g/day diabetes
2005'® fibrosis (F3/4) 27 % L (n/s)
Brazil Prospective recruitment hypertens | PT (n/s)
ion o
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Study Total Patient selection Prevalence of : | Age % BMI Alcohol | % Liver Non-invasive
Author No. Steatosis (S) Mean | male | Mean diabetes | biopsy variables
Year of Patients Inflammation | (media (med) or Score measured
publication @ n) hyperten |
Date of Fibrosis (F) sion Length (L)
Study Portal tract
Country (PT)
Observers
(0)
Suzuki 79 Patients with abnormal | 25 % severe 46 38 33 <40 n/s Brunt Age
LFTs for three months | fibrosis (F3/4) g/week Serum albumin
2005'" and NAFLD on liver - L (>15 mm) | Platelet count
USA biopsy PT (n/s) Fasting blood
o) | glucose
Prospective and Hyaluronic acid
consecutive recruitment Clinical diagnostic
score
Angulo 88 Patients with abnormal | 77 % grade 2-3 | 45 35 33 <140 19 % Brunt Age
LFTS, NAFLD on (S) g/week diabetes Female
2004'%° biopsy and participants | 83 % NASH L (>15mm) | BMI
USA in previous trials. 22 % severe PT (n/s) Diabetes
Retrospective fibrosis (F3/4) o) Leptin
recruitment QUICKI
HOMA IR
Marchesini 163 Patients with abnormal | 74 % NASH 40 88 28 <140 67 % Brunt Metabolic
2003'% LFTS for 3 mth + 21 % severe g/week hypertens syndrome
Italy NAFLD on liver bx fibrosis (F3/4) ion L (n/s)
Prospective consecutive PT (n/s)
recruitment O (n/s)
Hashimoto | 247 Patients with NAFLD 36 % severe (53) 53 67 % <100 33% Local score | AgeSex AST/ALT
on liver biopsy fibrosis (F3/4) with g/week diabetes Albumin, Platelets
2005'% BMI>2 46 % Diabetes,
Japan Prospective recruitment 8 hypertens hyaluronic acid and
ion type IV collagen
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Study Total Patient selection Prevalence of | Age % BMI Alcohol | % Liver Variables
Author No. Steatosis (S) Mean | male | Mean diabetes/ | biopsy measured
Year of Patient Inflammation | (medn) (medn) HT Score
publication D
Date of Fibrosis (F) Length (L)
Study Portal tract
Country (PT)
Observers
(0)
Ong 212 Patients undergoing 24 % NASH 42 20 48 <10 24 % . Local score | Waist to hip ratio
bariatric surgery with 8 % advanced g/day diabetes (WHR)
2005 BMI >40 and obesity | fibrosis L (n/s) AST
USA related complications. PT (n/s) ALT
oM Diabetes
Prospective recruitment HT
Ledinghen 67 Chronically elevated 40 % NASH 47 67 26 <40 n/s Metavir BMI
ALT for six months 31 % F2/3/4 g/day AST
2004 and liver biopsy fibrosis L (n/s) ALT
PT (n/s) Ferritin
Retrospective o
recruitment
Ratziu 93 BMI >25, abnormal 30 % F2/3/4 49 34 29 30 g/d 16 % METAVIR | Age
2000 LFTS and NASH on fibrosis diabetes BMI
France'”’ liver biopsy. L (n/s) ALT
PT (n/s) Diabetes
Retrospective owm Triglycerides
consecutive recruitment
Sorrentino 80 Undergoing liver 53 % grade 2/3 | 58 38 39 <30 45% Brunt Female
20047 biopsy for operative S g/day diabetes BMI >45
Italy procedure( gall stones, | 73 % NASH 78 % L (>8 mm) | Duration of obesity
large bowel or gastric 23 % severe hypertens | PT (n/s) Metabolic
cancer) + metabolic fibrosis (F3/4) ion 0@ syndrome

syndrome + high grade
obesity + normal LFTS
Prospective recruitment
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Study Total Patient selection Prevalence of : | Age % BMI Alcohol | % Liver Non-invasive
Author No. Steatosis (S) Mean | male | Mean diabetes | biopsy variables
Year of Patients Inflammation | (media (med) or Score measured
publication @O n) hyperten | Length (L)
Date of Fibrosis (F) sion Portal tract
Study (PT)
Country Observers
(8]

=y 181 Patients undergoing 72 % grade 2/3 | n/s 16 47 <30g/d | n/s Modified Age at liver biopsy
Crespo bariatric surgery and S) METAVIR | Elevated blood
2001 liver biopsy 23 % F2/3/4 sugar level
Spain fibrosis

Prospective recruitment L (n/s)

PT (n/s)
' o @)

Fierbinteanu | 80 Abnormal LFTS and 26 % NASH 51 25 32 <200 n/s Local score | Age
- Braticevici fatty liver on U/S and g/week BMI >30

undergoing liver biopsy L (n/s) ALT>3N
2002'% PT (n/s) Ferritin

Retrospective om Triglycerides (TG)

recruitment MDA
Romania Glutathione (GSH)
Loguerico 305 Abnormal ALT for 12 | 68 % grade2/3 | n/a 82 70 % <20g/d |n/s Local score | Ferritin
2004'% months and NAFLD on | Moderate/ were L (n/s) HOMA IR
Italy liver biopsy ;)Z\r/iecr:llular >25 PT (n/s)

Prospective recruitment | fibrosis 03
Santos 30 BMI >25 +U/S Fibrosis present | 45 60 31 <20 23 % Modified AST

diagnosis of steatosis + | in 37 % g/day diabetes | Brunt Laminin
2005"° raised LFTs and L (n/s) HA
Brazil undergoing liver biopsy PT (n/s) Collagen IV

Prospective recruitment O (n/s)
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Study Total Patient selection Prevalence of | Age % BMI Alcohol | % Liver Variables
Author No. Steatosis (S) Mean | male | Mean diabetes/ | biopsy measured
Year of Patient Inflammation | (medn) {(medn) HT Score
publication 1)) Length (L)
Date of Fibrosis (F) Portal tract
Study PT)
Country Observers
(V)
Yesilova 51 Raised LFTS for six 60 % grade2/3 | 36 100 | 28 <20 0% Brunt HOMA-IR
(NAFLD | months and NAFLD on | (S) g/day diabetes Co enzyme Q10
2005"! ) liver biopsy 88 % NASH L (n/s) (CoQ10)
Turkey 10 % severe PT (n/s) Copper zinc oxide
30 Prospective recruitment | fibrosis (F3/4) O (n/s) dismutase
(controls) (CuZnSOD)
Koruk 36 Steatosis on U/S, 67 % Grade2/3 | 44 75 29 absent 20 % Modified Triglycerides
(NASH) | abnormal LFTs for (S) diabetes | Brunt LDL cholesterol
2003"* three months and 100 % NASH L (n/s) Apoprotein Al
32 NASH on liver biopsy | 0 % severe PT (n/s) (Apo A1)
(controls) fibrosis (F3/4) O (n/s)
Hartleb 47 Patients with NAFLD 50 % Grade 2/3 | 45 57 29 <120 13 % Local Age
2005 on liver biopsy and S g/week diabetes BMI
ALT> 1.5ULN 65 % NASH L (n/s) Diabetes
20 % some PT (>5) Hypertension
Retrospective study fibrosis 0Q2)
Chitturi 94 NASH 70 % Grade 2/3 | 51 57 31 <20g/d | 47% Modified None
2002% Case-controlled — (S) diabetes | Brunt
Australia prospective and 45 % L (n/s)
retrospective significant PT (n/s)
fibrosis (F3/4) 0 (1)
Brunt 30 Subjects in NASH 43 % gradel-4 | 45 46 34 <20 25% Brunt and AST/ALT ratio
treatment trial. fibrosis g/day diabetes | Metavir Albumin
2004 " L (n/s)
USA Retrospective PT (n/s)
o

HT=hypertension medn=median value
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Variables associated with fibrosis (F0-2 vs. 3,4)

The variables associated with fibrosis can be subdivided into five groups:

socio-demographic and anthropometric, simple liver biochemistry and haematology, features

of metabolic syndrome and glucose sensitivity, fibrosis markers and miscellaneous markers as

illustrated in Table 3.5. The association of these variables with the different stages of fibrosis

is shown in Table 3.6.

Table 3.5. Variables associated with fibrosis

Category

Variable

Socio-demographic 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 sensitivity

Diabetes, Hypertension, Homeostatic
insulin resistance (HOMA-IR), Oral
glucose sensitivity index (OGIS),
metabolic syndrome, raised triglycerides,
Quantitative insulin sensitivity check
index (QUICKI), adiponectin, leptin,
hyperlipidaemia

Fibrosis markers

Hyaluronic acid (HA), tissue inhibitor of
metalloproteases 1 (TIMP 1), laminin,
type IV collagen, aminoterminal peptide

of procollagen I1I (PIIINP).

Miscellaneous

Malondialdehyde, C peptide,
polymorphisms of transforming growth
factor and angiotensinogen, IgA,
glutathione, arachidonic acid, oxidised
cardiolipin, Co enzyme Q and copper

oxide dismutase.
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Table 3.6 The association of non-invasive markers with fibrosis stage in NAFLD

F0/1/2 vs. Age Diabetes | BMI AST/ALT HOMA-IR | Platelets HA Miscellaneous
F3/F4 (increased) | (present) | (increased) | ratio (increased) | (decreased) (increased) (association with fibrosis)
(increased)
Angulo® Yes* Yes Yes Yes Not tested Not tested Not tested Obesity at UVA and
UVA and UVAand | UVA UVA and MVA. ALT, transferrin sat
MVA MVA MVA and Albumin at UVA.
Rosenberg™ Yes Not tested | Not tested Not tested Not tested Not tested Yes PIIINP and TIMP1 also
UVA, MVA UVA, MVA and | included in discriminant
and ROC ROC score
Sakugawa'" Yes No** No Yes No Yes Yes Female, platelets GGT and
UVA UVA UVA UVA, MVA and | albumin on UVA. Type IV
ROC collagen at UVA, MVA
and ROC.
Albano'" Yes Yes No Yes Not tested Not tested Not tested MDA abs UVA and MVA
UVA UVA and UVA and
MVA MVA
Mofrad' No Yes No Not tested Not tested | Not tested Not tested
UVA and
MVA
Shimada'"” Yes Yes No Yes Not tested Yes Yes Albumin, Bilirubin,
UVA and UVA UVA and UVA and UVA and MVA | Ferritin, IgA,
MVA MVA MVA Hyperlipidaemia, Type IV
collagen and IgA on UVA.
Platelet count on
UVA/MVA. -
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Age Diabetes | BMI AST/ALT HOMA-IR | Platelets HA Miscellaneous
F0/1/2 vs. (increased) | (present) | (increased) | ratio (increased) | (decreased) (increased) (association with fibrosis)
F3/F4 (increased)
Dixon'" No Yes No No Yes Not tested Not tested Hypertension , raised C
UVA UVA peptide and ALT by
MVA
Beymer' No Yes No Not tested Not tested Not tested Not tested
MVA
Bugianesi116 Yes Yes Yes Yes Yes Not tested Not tested Female sex, 100/IS],
UVA (fasting UVA UVA UVA I/QUICKI, ferritin, OGIS
glucose) at UVA
UVA
Dixon'"’ Yes Not tested | Yes No Yes Not tested Not tested Raised ALT and
UVA UVA UVA and combination of high risk
MVA phenotypes of
polymorphisms (TGF b
and AT) on UVA and
MVA
Hui” Yes Not tested | Nottested | Not tested Yes Not tested Not tested
UVA UVA and
MVA
Guidorizzi'™® Not tested Not tested | Not tested Not tested Yes Not tested Not tested
UVA
Yes Yes No Yes Not tested Yes Yes Serum albumin and
Suzuki'” UVA (fasting UVA UVA and MVA. | platelet count at UVA.
glucose) ROC ( clinical Ferritin, Clinical
UVA diagnostic diagnostic model (age,
& ROC model) diabetes, AST/ALT,
(clinical obesity) at ROC.
diagnostic
model)
Angulo™ Yes Yes Yes Not tested Yes Not tested Not tested Leptin and female at UVA
UVA and UVA UVA UVA QUICKI at UVA & MVA
"MVA
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F0/1/2 vs. Age Diabetes | BMI AST/ALT HOMA-IR | Platelets HA Miscellaneous
F3/F4 (increased) | (present) | (increased) | ratio (increased) | (decreased) (increased) (association with fibrosis)
(increased)
Marchesini'”’ | Nottested | Nottested | Nottested | Not tested Not tested | Not tested Not tested Metabolic syndrome by
MVA
Yes Yes No Yes Not tested Yes Yes Gender, hypertension,
Hashimoto'? UVA UVA UVA UVA UVA and MVA | platelet count, albumin,
type IV collagen at UVA.
Billirubin at MVA.
Ong'* No Yes No No Not tested | Not tested Not tested Raised AST, ALT and
UVA and WHR on MVA.
MVA
FO/1 vs. F2/3/4 | Age Diabetes | BMI AST/ALT ratio | HOMA-IR | Platelets HA Miscellaneous
(increased) | (present) | (increased) | (increased) (increased) | (decreased) (increased) (association with fibrosis)
Ledinghen'’ No Not tested | Yes Yes Not tested No Not tested Ferritin at UVA
(BMI>25) | (Raised ALT)
UVA UVA
F0/1 vs. F2/3/4 | Age Diabetes | BMI AST/ALTratio | HOMA-IR | Platelets HA Miscellaneous
(increased) | (present) | (increased) | (increased) (increased) | (decreased) (increased) (association with
fibrosis)
Ratziu'® Yes Yes Yes No Not tested Not tested Not tested BAAT score ( BMI, Age,
UVA and UVA (BMI >28) ALT.,TGs) by MVA and
MVA UVA MVA ROC
Sorrentino' No Yes Yes Not tested Not tested Not tested Not tested Female sex and duration of
( with BMI >45 obesity MVA
metabolic | MVA
syndrome)
MVA
Crespo'’ Yes No No Not tested Not tested | Not tested Not tested Raised blood glucose at
UVA UVA
and MVA
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FO vs. Age Diabetes | BMI AST/ALT HOMA-IR | Platelets HA Miscellaneous
F1/2/3/4 (increased) | (present) | (increased) | ratio (increased) | (decreased) | (increased) (association with
(increased) fibrosis)
Fierbinteanu'® | Yes Not Yes Not tested Not tested | Not tested Not tested Raised ALT,
UVA tested UVA Ferritin, MDA, GSH and
MVA MVA TGs at UVA and MVA.
No stats on score
(BAMFAGT)
Loguerico'” No Not No Not tested Yes Not tested Not tested Ferritin at UVA
tested UVA
Santos'* No Not No No Not tested | Not tested Yes Laminin, AST and
tested UVA collagen IV UVA
Yesilova"' Not tested | No No Not tested Yes Not tested Not tested CoQ10 and CuZnSOD
Positive negative correlation
correlation
Koruk™?% Not tested | Not Not tested | Not tested Not tested | Not tested Not tested Raised TGS, LDL shoed
tested positive correlation and
Apo Alshowed negative
correlation
Hartleb™®® Yes Yes Yes Not tested Not tested | Not tested Not tested HT at UVA
UVA UVA UVA
Chitturi®® No No No Not tested Not tested | Not tested Not tested
FO vs. F2/3 Age Diabetes | BMI AST/ALT HOMA-IR | Platelets HA Miscellaneous
(increased) | (present) | (increased) | ratio (increased) | (decreased) | (increased) (association with
(increased) ' fibrosis)
Brunt'* No No No Yes No Not tested Not tested Serum albumin reduced
UVA in severe disease

or multivariate analysis

* YES= association at univariate analysis, correlation or multivariate analysis P<0.05

** NO = no association at univariate
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Figure 3.3: Variables associated with severe fibrosis

Number of studies

DIABETES AGE HOMA IR AST/ALT Platelets HA BMI Fermritin
variable

[ESSOCIH”OH Bno assoc Onot le_sled_}

Plot of number of studies which show an association of variables with severe fibrosis -+association
(blue column); no association (purple) not tested (cream)

The variables most commonly associated with fibrosis were: presence of diabetes, increasing
age, increased HOMA-IR, increased AST/ALT ratio, decreased platelets, hyaluronic acid and
BMI (Figure 3.3); each has biological plausibility. In NAFLD, age at biopsy is a reflection of
probable duration of exposure to risk (e.g. to obesity or insulin resistance) and there is
emerging evidence that the fibrotic response itself may be more exaggerated with increasing
age and a similar phenomenon is seen in the context of hepatitis C. The variables diabetes,
HOMA-IR, QUICKI and OGIS all reflect insulin resistance which has a fundamental role in
the development and progression of fibrosis within NAFLD. The mechanisms by which
insulin resistance triggers fibrosis may be through, free fatty acid mobilisation, generation of
reactive oxygen species and production of fibrogenic growth factors 135136 The AST/ALT
ratio has been shown to be elevated in a variety of diseases causing fibrosis and cirrhosis and
this may be related to a reduced sinusoidal clearance of AST relative to ALT. Reduction in the
peripheral platelet count may be due to splenic sequestration due to splenomegaly resulting
from portal hypertension, but also some chronic liver diseases may reduce the hormone
thrombopoietin which stimulates platelet production. In NAFLD, unsurprisingly, it has been
shown to be a better indicator of severe fibrosis/cirrhosis rather than the earlier stages of

fibrosis (see table 3.6). Finally hyaluronic acid may increase in fibrosis due to a mixture of
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increased collagen turnover and reduced hepatic clearance and this has been shown to increase

in other aetiologies of liver fibrosis such as alcohol, Hepatitis B and Hepatitis C.

Figure 3.4 Forest plot of strength of association of diabetes with severe fibrosis
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Panels of markers for the detection of NAFLD

Very few studies were designed as traditional diagnostic studies, comprising comparisons of
diagnostic tests with reference standards. The majority have concentrated on finding statistical
associations of variables with fibrosis to try and elucidate the mechanisms of NAFLD rather
than producing diagnostic algorithms. This is in contrast to hepatitis C where panel marker
tests have combined variables found to be significant at multivariate analysis in a
mathematical algorithm. As the identification of variables precedes formulation of an
algorithm this suggests that non-invasive markers are generally at an earlier stage of
development for NAFLD. The three studies producing a panel marker diagnostic test with
AUCs 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 was relatively small; two studies compared F3/4 vs. F0/1/2 and the

other compared F2/3/4 vs. F0/1. The AUC ranged form 0.84 to 0.92, see Table 3.7.
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Table 3.7: Panel marker tests measuring fibrosis in NAFLD

Test Components of panel Fibrosis | Training | No. | AUC | Cut- Sens | Spec | PPV | NPV
stage or off
validation
HA Age >45, obesity, F3/4 vs. | Training 79 0.92 | N/S N/S |N/S |N/S |N/S
score | AST/ALT ratio >1, F0/1/2
1 diabetes, Hyaluronic
acid ‘
ELF Age, hyaluronic acid, F3/4 vs. | Validation | 61 0.87 | 0.37 89 96 80 98
score® | TIMP-1, PIIINP FO/1/2 046 |78 |98 |87 |96
BAAT | Age, BMI, ALT, serum | F2/3/4 Training 93 1084 |0 100 |11 33 100
score | triglycerides Vs. 1 100 |47 45 100
125 FO/1 2 71 |80 |61 |86
‘ 3 14 100 | 100 |73
4 0 100 |0 70
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3.4 Systematic review of the diagnostic performance of non-invasive markers of liver

fibrosis in Alcoholic Liver Disease

Methods
Methodology differed from the review of CHC in that the performance of single and panel
serum markers of liver fibrosis were evaluated. Because the ALD literature precedes that for

CHC (HCV was first identified in 1989) the searches were conducted from 1980-2005.

3.4.1 Results of systematic review of diagnostic tests in ALD
Study characteristics
The electronic search yielded 436 abstracts which were read in full. Most were excluded as
they did not evaluate serum markers in diagnosis of liver fibrosis on biopsy. This was
expected as the search strategy was designed to have high sensitivity and low specificity. 34
full papers were retrieved of which 22 were excluded leaving 12 studies in separate
populations to be included in the review (see Table 8).
Reasons for exclusion were (may be >1 /study);
¢ Not primary study (editorial/non systematic review) n=3
e Outcome was not fibrosis (usually alcoholic hepatitis ) n=2
e Participants <30 n=1
e No results separable for ALD alone n=6
e No results reported as sensitivity, specificity, ROC curves, diagnostic accuracy n=11
(Most of these studies reported correlation coefficients/differences in means of serum
markers between group with fibrosis and those with less fibrosis).
e No results for fibrosis alone separable from data that combined steatosis with fibrosis

or fibrosis/cirrhosis with acute alcoholic hepatitis (AH).n=4

Neither systematic reviews nor meta-analyses were identified. Studies were conducted
between 1989 and 2006. Study characteristics are shown in Table 3.8.
The median age of participants in included studies was 50 years (range 44-65 years), 77%

were male (range 63-100%) and the median number of study participants was 109 (range 44-
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1034). The median background prevalence of serious fibrosis/cirrhosis was 42% (14-100%).
All of the studies were conducted in secondary/tertiary settings.

There was marked heterogeneity between the studies. Different scoring systems were used:
METAVIR (or modified METAVIR) 4; Scheuer 1; Ishak 2; Knodelll; and locally generated 5
(mostly dividing fibrosis into mild, moderate or severe). 10/12 studies presented data that
showed the performance of the markers in identifying cirrhosis, 3/12 studies reported
information identifying cirrhosis/severe fibrosis (METAVIR stages 4 /3, 4) and 2/12 reported
information identifying any fibrosis. All of the studies evaluated performance of markers
using cross sectional data for paired samples of histology and serum. All studies recruited
prospectively, and half recruited consecutive patients. Although all participants were
hospitalized there was heterogeneity of patient Selection— both the inclusion criteria and daily
alcohol consumption. Inclusion criteria reported were patients with previously diagnosed
ALD, and or “alcoholism” or heavy alcohol consumption or patients admitted
rehabilitation/detoxification/alcohol withdrawal symptoms. The daily consumption of alcohol
(where reported) varied with 1 study recruiting patients drinking >100g of alcohol/day, 3
studies >80g, and 5 studies >50g. Inclusion criteria adopted a varied number of years drinking
at these levels (range 5-10 years) reported (See Table 3.8). Two studies used the same patient
population, with the earlier study reporting results from 109 patients with compensated ALD
recruited in 1994-95 and the later study adding further patients from 1997-98 and reporting
from the whole cohort (n=240).
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Table 3.8 Characteristics of studies evaluating serum markers in Alcoholic Liver Disease

Study Author: Total no patients Patient selection Alcohol % Age % Serum
Yr published consumption cirrhosis Yr male | Liver marker or
(date of study when Recruitment details (where reported) | inclusion criteria (significant | mean biopsy panel
reported) fibrosis*) (SD) scoring
Country system
(No. centres)
Gabrielli 1989"" 44 Patients with ALD on biopsy /clinical n/r n'r 52 84 Local PIIINP
Italy (1)
Consecutive prospective recruitment
Poynard 1991"® 624 >50g alcohol daily | 29 PGA
(1982-1987) (a) 333 training Patients admitted with alcoholism or for last 5 years 49 75 Local
France (1) (b) 291 validation diagnosed ALD PT
Consecutive prospective recruitment
44 Patients undergoing biopsy for clinical | >80g daily at least5 | 34 100 Local PIIINP TIMP
reason with h/o heavy alcohol years 45 1
Li 1994'%° (range
USA (1) Prospective recruitment 27-69)
Admissions for alcoholism/ diagnosed | >50g alcohol daily 59 HA
Oberti 1997'%° 160 total ALD for 5 years with 65 n/v | modified | PT
France(!) (2)109 compensated . . ‘ elevated AST>6m METAVIR
Consecutive prospective recruitment
146 >80g alcohol daily 40 (51) HA
Tran 2000 Heavy drinkers admitted for for >5 year 73 Local PGA
(1997-1998) detoxification+/-rehabilitation 49 Tran index:
(HA; PT; Apo
France(1) Consecutive prospective recruitment A1)YKL
70 Patients with ALD diagnosed by n/r n/r HA
Plevris 2000 histology n/r n/r Local
Prospective recruitment
Croquet 2002'" 240 Patients admitted for alcoholism or 50g daily past 5 years | 48 (74) PT
France(1) ALD HA
Prospective recruitment n/r n/r

METAVIR

80




Study Author: Total no patients Patient selection Alcohol % Age % Liver Serum
Yr published consumption cirrhosis Yr male | biopsy marker
(date of study) Recruitment details (where reported) | inclusion criteria (significant | mean scoring
country fibrosis*) (SD) system
No. centres
Stickel 2003™ 87 Admissions for alcohol withdrawal >100g alcohol daily | 14 (44) nr nr Ludwig HA
Germany symptoms in current drinkers
(1)
Rosenberg 2004%° 64 Patients with excess alcohol Assessed by each 27 44 Scheuer ELF panel
(1998-2000) consumption history and histology centre 63 Ishak (HA TIMP1
England (8) Germany PIIINP age)
Italy Sweden Consecutive prospective recruitment

221 Patients with excess alcohol >50g alcohol daily (42) 47 77 METAVIR | *Fibrotest *
Naveau 2005'* consumption history and with available | for 1 year HA
(1996-2000) France(1) histology

Prospective recruitment

Cales 2005'% 95 Heavy drinkers with ALD on histology | >50g daily >5 years 41 (80) 49.8 71.6 Fibrometer
(1994-2002) (11.2) METAVIR
France (1) Consecutive prospective recruitment

1034: 80g ethanol daily >5 APRI(AST
Lieber 2006'* (a) 507 pre-cirrhotic | Patients with heavy alcohol years HCV negative (a) 31 (a) Platelets)
USA (23) (b) 527 consumption +fibrosis/cirrhosis on (a5l |97 Ishak

decompensated biopsy/clinical in 2 treatment RCTs

cirrhosis (b) 100

Prospective recruitment (b)56 | (b)98

*(significant fibrosis METAVIR F2-4; Ishak 3-6. Cirrhosis METAVIR F4 Ishak Stages 5,6)
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Table 3.9

Diagnostic performance of single markers in Alcoholic Liver Disease

Degree of Study No. AUCs Cut off Diagnostic Sensitivity | Specificity | LR+/ LR-

Fibrosis accuracy

tested (95% CI) | used (TP+TN/Total)

%

HA

Cirrhosis Oberti " 109* | n/r 60mcg/1 87 (77-93) 100 60 2.5/0.02
(1997)
Tran . 146 n/r 60mceg/1 91 100 86.2 7.1/0.01
(2000)
Pltf:vris142 70 n/r 100meg/l | n/r 87 89 7.9/0.15
(2000)
Stickel144 87 0.78 250meg/l | n/r 100 69 3.2/0.014
(2003)
Naveau 221 0.93 n/r n'r n/r n/r n/r
(2005)'*° (0.91,0.95)

FO1 vs34 Stickel144 87 0.76 55.5 meg/l | n/r 82.8 69 2.7/0.25
(2003)
Croqufi'f1 ; 240 n/r n/r 85 (77-89) n/r n/r n/r
(2002)

FOlvs 234 Naveau 221 0.79 n/r n'r n/r nr n/r
(2005)!* (0.76-0.82)
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Degree of Study No. AUCs Cut-off Diagnostic Sensitivity | Specificity | LR+/ LR-
Fibrosis accuracy
tested 95% CI) used (TP+TN/Total)
%
P3NP
F012 vs34 | Gabrielli 19897 | 44 n/r l6ng/ml | n/r 71 50 1.42/0.58
FOvs. F1-6 | Gabrielli 19897 | 44 n/r l6ng/ml | n/r 90 59 2.2/0.17
Li 1994 44 0.80 +0.07 [ 1.1 U/ml |nfi 45 100 45/0.55
(SD)
Prothrombin Time
Cirrhosis Oberti 1997'° 1109 | n/r 85% 82 (77-87) n/r n/r n/r
Croquet 240 | ni 80% 85 (81-91) 81 99 81/0.19
(2002)'*
Tran (2000)"*" | 146 n/r 85% n/r 83 93 11.9/0.18
FOlv 2-4 Croquet 240 n/r 80% 78 (71-83) n/r n/r n/r
(2002)'*3
TIMP
Any fibrosis | Li (1994)™° 44 0.96 £0.03 313ng/ml | n/r n/r n/r nr
(SD)
YKL
Cirrhosis Tran (2000)™*" | 146 n/r 330mcg/l | n/r 51 89 4.6/0.55

*compensated disease
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Figure 3.5 Forest plot of the AUC for serum markers in ALD in identification of different fibrosis severity

number
in study
Identification of cirrhosis Naveau FT 221 .
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Naveau HA 221 .
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significant fibrosis Rosenberg ELF 64 . : - i
Naveau HA 221 —=— ‘
Naveau FT 221 i . e
Lieber APRI 1034 §
Cales Fibrometer 95 : ) -
Identification of ) :
any fibrosis Li PHINP 44 — -
Li  TIMP1 32 i

—

0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1
Area Under Curve

AUC values (where reported) for all serum markers studies in patients with ALD identifying cirrhosis, significant fibrosis or any
fibrosis with 95% CI (where reported). Most studies are small (wide confidence intervals), varying in threshold reported, and where
>1 study, per serum marker results are inconsistent.
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Table 3.10 Diagnostic performance of panels of markers in ALD

Fibrosis Study No. Test Components of | AUCS Cut Sens | Spec | PPV | NPV | LR+ -LR
| _grade | panel off (95% CI) 95% CI)
Cirrhosis Poynard 624 PGA GGT PT n/r 6 85 85 70 93 5.6 0.18
1991'% (4.57.01) (0.12,0.25)
Cirrhosis Tran 146 Tran ApoAl HA,PT | n/r 76 99 98 86 66.8 0.24
2000'! (9.5,471.2) (0.15,0.37)
Cirrhosis Naveau 221 Fibrotest a2M apoAl 0.95 0.3 84 41 39 85 1.4 (1.2,1.7) 0.39 (0.2,0.70)
2005'% bilirubin, GGT | (0.94, 0.96)
haptogloblin, 0.7 60 72 49 80 2.1 (1.6,2.9) 0.55(0.40,0.75)
corrected for age
+ sex
Cirrhosis Lie:be;f17 1034 | APRI AST Platelets 0.79 >2.0 17 86 56 50 1.2(0.9,1.6) 1.0 (0.92,1.02)
2006
F012vs 34 | Rosenberg 64 ELF Age, HA 0.94 0.087 | 100 17 75 100 | 1.2(1.1,1.4) 0.06 (0.01, 0.3)
Severe 2004°° PIIINP TIMP-1 | (0.84,1.00) | 0.431 | 93 100 | 100 86 68 (37,124) 0.08 (0.05,0.1)
FO1 vs 2-4 | Cales 95 Fibrometer | a2M AST, HA 0.96 n/r 92 93 99 76 18 (2.7,125) 0.08 (0.2)
Mod/severe | 2005'% PT,Pl,, (0.94, 0.98)
FOlvs 2-4 Naveau 221 Fibrotest a2M apoAl 0.84 0.3 84 66 81 70 2.5 (1.83.4) 0.25(0.16,0.40)
Mod-severe | 2005'% (corrected for (0.81 0.87)
age + age) 0.7 55 93 93 54 74 (3.3,16.1) | 0.5(0.4,0.6)
bilirubin, GGT
haptogloblin
| FO1vs2-4 Lieber 507 APRI AST Platelets 0.70 0.2 94 26 71 68 1.3(1.2,1.4) 0.24(0.17,0.33)
Mod severe | 2006 0.6 47 82 84 44 2.6 (2.0,3.3) 0.65(0.6,0.71)
1.0 21 90 80 37 2.1(1.5,3.0) 0.88(0.83,0.92)
1.6 13 95 83 36 2.5(1.54.1) 0.92(0.88,0.95)
2.0 9 97 86 35 3.1 (1.6,6.1) 0.94(0.91,0.96)
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Results are presented separately for single markers (Table 3.9) and for marker panels (Table
3.10) in the identification of cirrhosis (F4 METAVIR) cirrhosis, /severe fibrosis (F3/F4
METAVIR) and ‘significant’ fibrosis (F2-4-METAVIR). There were 12 separate markers
evaluated- 6 single markers and the rest as components of 6 panels of markers.

Single markers (Table 3.9)

All single markers were heterogeneous with respect to the grade of fibrosis identified by the
test, and the thresholds reported (with the exception of two studies using HA both of which
used 60mcg threshold. Two studies reported AUC and sensitivity and specificity at more than
one threshold '*>'/

The most commonly measured marker was HA, five studies evaluated its performance in the
identification of cirrhosis/severe fibrosis, although only 2 of these reported AUC values. None
reported results for the identification of patients with no or mild fibrosis. The AUCs for the 2
studies identifying cirrhosis were discrepant -0.79 and 0.93. The inclusion criteria for each
study were similar, but the size of the studies were different (n=221 (Naveau 2005) Vs. n=87
(Stickel 2003), and the prevalence of cirrhosis in one study (Naveau 2005) was twice that in
the other (Stickel 2003). There is one direct comparison of a panel and HA and this showed
that there was no significant difference between panel (Fibrotest) and HA at both identifying
cirrhosis and moderate /severe fibrosis. HA was better at identifying cirrhosis alone than
moderate/severe fibrosis. The LRs and predictive values showed that HA is better at excluding
cirrhosis/ severe fibrosis than detecting it. The studies were all small (~<200) and reported
different thresholds of HA concentration for positive test results.

There was more limited data on other single markers. Only one small study evaluated the
performance of PIIINP in the identification of severe fibrosis /cirrhosis, and three small
studies its ability to identify any fibrosis present (two of these presented ROC analyses).

Four studies (two independent populations) evaluated prothrombin index and one YKL, and
none reported ROC analyses. Prothrombin index was found to have good diagnostic accuracy
in identification of cirrhosis (85% (95% CI 81-91). One small study reported performance of
TIMP in identifying any fibrosis (AUC 0.96) but this has not been repeated. Overall there
were three studies that had positive LR >10 and three negative LR <0.1 (excellent test). There
was between study variation with respect to LR derived for individual markers. For example

LR+ for P3NP ranged from 2.2 to 45.
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Marker panels (Table 3.10)

Five studies assessed the performance in detecting cirrhosis. Two larger studies reported
AUCs (0.79 and 0.95) '*>'*7. Two panels showed promise in detection of cirrhosis although
one was very small (ELF n=64), and one showed no statistically significant difference to HA
in direct comparison (Fibrotest). One panel (APRI) had a good but lower AUC compared to
ELF and Fibrotest (0.79 vs. >0.94). Two panels had good diagnostic performance in detection
of moderate/severe fibrosis, Fibrometer (n=95) and Fibrotest (though not significantly better
than HA in direct comparison). In general, panels of markers reported lower diagnostic
performance in the detection of lesser stages of fibrosis than in cirrhosis. All AUC data are
shown in Figure 3.5. Positive LR for marker panels had a median of 3 (range 1-68), with two

studies having values >10 and two with negative LR <0.1 indicating very good performance.

3.5 Discussion

Statement of principle findings by cause of CLD

CHC

14 primary studies were identified using 10 different combinations of serum markers. Median
value of AUC- (mild vs. moderate/severe fibrosis) in validation populations being 0.77. All
tests showed good performance in differentiating cirrhosis/no cirrhosis with median AUC in
validation sets of 0.87.

NAFLD

29 primary studies were included. The variables most commonly associated with fibrosis
were: presence of diabetes, increasing age, increased HOMA-IR, increased AST/ALT ratio,
decreased platelets, hyaluronic acid and BMI. A subsequent primary study has gone on to
show that ELF performs better than simple markers in the detection of fibrosis in NAFLD and

that the combination of ELF and simple markers is excellent' .

ALD

12 primary studies were included. The evaluations used 12 different markers, most commonly
HA, and 6 panels. Serum markers appear to be able to identify those people with severe
fibrosis/cirrhosis with good diagnostic accuracy at the thresholds presented, performance was

less good at less severe levels. Hyaluronic acid as a single marker performs well to identify
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cirrhosis but has lower AUC results to panels. Overall the performance of the serum markers
was less good at identifying lower grades of fibrosis.

None of the reviews supported the complete replacement of biopsy by serum markers at
present, although there seems a place for serum markers to rule in/out moderate fibrosis or
cirrhosis at acceptable and reasonable test performance that may be applicable in about 30-

40% of the study populations.

The following discussion will initially outline strengths and limitations of the review process,
it will go on to focus on those differences between the markers in CHC, NAFLD and ALD,
and then broaden out into a general discussion on common issues arising from all three
diagnostic reviews.

Strengths and Limitations of the methodology of the systematic reviews

Standard published methods for conducting systematic reviews were used. Recommended
search strategies to locate diagnostic tests were used. Two reviewers independently extracted
data from selected articles.

Despite the rigorous methods employed, relevant studies may have been missed, in particular
smaller studies with negative results or unpublished studies (which were not included in the
systematic reviews as abstracts from conferences can be searched for but tend not to present
sufficient data). This potential publication bias could be addressed using Funnel plots.
Articles in languages other than English were not searched for nor selected. This may have
contributed to any missing data. Heterogeneity of studies precluded meta-analysis of data in
NAFLD and ALD.

Systematic reviews of studies in patients with the three main aetiology groups of CLD were
evaluated and other important causes such as PBC, HIV-HCV co-infection, Hepatitis B were
not performed.

As with all systematic reviews regular updating is needed. This is especially relevant to non-
invasive markers of liver fibrosis where the research field has been very active over the past 3
years.

Other test characteristics such as cost effectiveness were not addressed.
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Differences between the reviews

Most serum markers in ALD and NAFLD were single markers with few panels of markers
derived in these populations. The studies tended to be smaller, had not been validated in
external populations and generally used local non- standard histology scoring systems. This is
contrast to CHC where most of the liver histology scoring systems were internationally
recognised and validated. The literature in ALD was older, included studies were fewer in
numbers, had fewer participants, had different inclusion criteria, and had a higher prevalence
of cirrhosis/severe fibrosis than in similar studies in other chronic liver diseases. Only in CHC
was sufficient data presented to perform any summative analyses. In general the studies
included in the ALD and NAFLD reviews were of a poorer quality than those in the CHC

review.

Methodology issues

In the CHC review most studies reported AUC in differentiating mild /no fibrosis and
significant fibrosis, and 10 had sufficient data to construct a 2x2 table which differed in the
other reviews where the minority reported results in terms of AUC or sensitivity and
specificity. It was therefore impossible to derive 2x2 tables in any study of NAFLD or ALD.
The studies in these two reviews often reported results as the differences in means between
those patients with different grades of fibrosis/cirrhosis and no cirrhosis, or correlation
between serum markers and grade of fibrosis. Much of the data presented showed the
association of variables with fibrosis or cirrhosis in univariate or multivariate analyses, but had
seldom reported results as sensitivity and specificity at different thresholds. 1t was not possible
in these reviews to perform meaningful summative analyses. In addition there had been a
previous systematic review in CHC which had highlighted the promising performance of
panels of markers which were not published in the other two fields. The diagnostic literature in
CHC is thus more methodologically advanced than ALD or NAFLD. Study designs lagged
behind CHC in that case control studies were found in ALD and NAFLD literature. These are
less robust than performing diagnostic performance evaluations in prospectively consecutively

recruited cohorts.
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Both NAFLD and ALD have complex and overlapping clinical and pathological pictures.
ALD is a relapsing remitting condition which leads to a less clear demarcation of severity
categories than in CHC, with subsequent difficulty in diagnosis of fibrosis alone. This may
have contributed to the general difficulties in untangling results for fibrosis/cirrhosis in the
included studies. A similar picture is present in NAFLD with the boundaries between
steatosis, inflammation and fibrosis being fluid and difficult to disentangle. These confused
and overlapping diagnostic problems may well reflect the real world of patients where, for
example, the identification of AH = fibrosis become important, leading to different
management decisions and prognostic information. Clinically in NAFLD and ALD it may be
important to identify those patients who;

1. are at risk of developing significant liver disease- those with any fibrosis- both to focus
interventions to optimise abstinence/reduce weight, and to monitor disease progress
more closely,

2. have severe fibrosis/cirrhosis to focus interventions and to begin to screen for varices
and HCC or to prepare for possible liver transplant

The three systematic reviews presented have focused on the ability of diagnostic tests to

identify fibrosis, their ability to identify inflammation has not been addressed.

In CHC it is now no longer necessary to distinguish those patients with moderate or severe
disease in order to identify people who are eligible for treatment with anti-virals following the

most recent NICE guidelines.

Similarities between the reviews

Heterogeneity

All the study populations in each of the three reviews were heterogeneous. Whilst they all
recruited patients from specialist clinics in secondary or tertiary settings (there were no studies
set in primary care), there was variation between studies in the population characteristics,
(such as alcohol consumption which varied even in the ALD review), recruitment methods,
prevalence of severe fibrosis, and methods of test validation. Differences in the study
population characteristics may lead to spectrum bias. This is where the sensitivity and/or

specificity of a test may vary with different populations tested - populations which might vary

90




in sex ratios, age, or severity of disease as three simple examples. All patients had to have had
a biopsy (from inclusion criteria) which could introduce verification bias with those patients
not selected for biopsy and not included in the studies potentially having a different disease
severity than those who were selected. These methodological issues are discussed further in

Chapter 6.

Direct comparison between studies was made more difficult by the use of a range of fibrosis
scoring systems, largely locally generated. There was incomplete reporting of co-morbidities

and diagnostic test results and it was not possible to conduct any summative evaluation in

ALD.

Generalisability

The heterogeneity of study populations may lead to problems of generalisability, and this may
be reflected in a reduction or an increase depending on clinical setting. In particular the
proportion of significant fibrosis differed between included studies and this has an effect on
predictive values. 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 will be higher
and the test is applicable to a significant part of the study population; the converse would

apply in high prevalence populations.

Evaluation of Diagnostic Test used

The Area Under the Receiver Characteristic Curve (AUC) has limitations and may not be the
best way to present test performance'*'*°, Whilst the markers and panels in these reviews
may have performed with good sensitivity and specificity at highest and lowest thresholds, the
AUC does not adequately reflect the test performance at intermediate thresholds where
sensitivity and specificity are considerably lower. A misleadingly high value for the AUC 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

91




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 (=10).

Some authors have suggested that the DOR is used®. This describes the ratio of the odds of a
positive test result in a patient with disease, compared to a patient without the disease (+ LR/-
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. Further studies

should be encouraged to report data in such a way to facilitate these analyses.

The findings of these reviews can be applied in clinical practice to avoid liver biopsy using
test threshold levels at illustrative predictive values, identifying the presence or absence of
significant fibrosis. 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.

Diagnostic test reporting and quality of studies

Generally, methods of evaluating the quality of diagnostic tests are not as refined as those for
therapeutic trials, with reporting of test evaluations similarly lagging behind. An algorithm for
reporting diagnostic tests, similar to the Consort statement for treatment trials, has been
published-Standards for Reporting of Diagnostic Accuracy (STARD), and is gaining wider
acceptance'>'*'*2, This will contribute to the improvement of the quality of both the conduct
and reporting of diagnostic evaluations. In these reviews QUADAS quality tool was used to
assess quality and found most studies used blinded 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® However, sources of
potential bias were identified including the incomplete reporting of data (e.g. co-morbidity,

alcohol consumption), and sensitivities and specificities at all thresholds. Some studies used
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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.

Liver biopsy as reference standard

A fundamental methodological limitation in assessing non-invasive markers is the use of liver
biopsy as a reference standard, and this may underrate the 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 20mm in

length, others that 11 portal tracts is optimum®® ¢!

recent systematic review on the quality of
liver biopsy specimens concluded that here is poor reporting on the biopsy length, size of
needle used and number of portal tracts'>*. Data on the discordant results between histology
and one panel of markers have 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. The authors
concluded that in many cases of difference it is the shortcomings of the biopsy that are
responsible and this leads to an underestimation of the diagnostic performance of the serum

markers'®’. It would be interesting to extend this work to different panels of markers.

Lack of a universal scoring system of fibrosis adds to the difficulties in comparison between
studies, and consideration should be given to professional consensus in the standardisation of
scoring systems. 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 O 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), although these may be limited by
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the use of subsequent interventions that may affect test/outcome relationships where there are
effective treatments and length of time required to reach clinical endpoints. Further research is

needed to evaluate such alternatives.

Clinical implications

For preventing and managing CLD it is important to identify those patients who have
clinically silent severe fibrosis/cirrhosis to focus interventions, to begin to screen for varices
and HCC, or to prepare for possible liver transplant. Data presented in this review suggest that
marker panels could be effectively used in this situation. It would be clinically useful to
patient and clinician to identify the proportion of hazardous drinkers who have developed liver
disease to monitor disease progress more closely and to offer an opportunity for strategies
aimed at reduction/abstention. Repeated serum markers measures showing rise or decline may
have an impact on lifestyle choices again allowing scope for reduction in alcohol
consumption. These are speculative ideas and require further research. This group of patients
often has erratic attendance at outpatient and biopsy appointments and may present in settings
where invasive tests are inappropriate/difficult (e g prison). Having non-invasive tests of liver
fibrosis would be useful in the management of such patients.

The ideal test for fibrosis would be easy to perform, repeatable and capable of frequent
application. It would be highly accurate over the full range and reproducible. The test would
provide an accurate assessment of the degree of liver fibrosis throughout the range of matrix
deposition from mild scarring, through compensated cirrhosis and then beyond to provide a
clear picture of worsening degrees of decompensated cirrhosis. The test would be highly
predictive of long term outcomes such as hepatic decompensation, portal hypertension, liver
failure, liver cancer, the necessity for transplantation and death from liver disease. It is clear
from the systematic reviews presented in this chapter that the current serum markers fall some
way short of this ideal, but they are promising, improving and may provide additional
diagnostic information in the identification and management of people with CLD. In addition

they may fulfill a role in the future in the assessment of outcomes in treatment trials.
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Serum marker literature update

Since these systematic reviews were conducted, there have been many more studies adding to
the evidence base of the performance of serum markers in identification of liver fibrosis which
meet the inclusion criteria of the reviews. Most have been in CHC, and most involve <200
patients. There is a growing literature on other blood borne viruses (Hepatitis B, HCV-HIV
co-infection). There have been no further studies on ALD. (See Appendix 4 for summary of

* studies). There have been two meta-analyses of a single serum marker (Fibrotest), one of the
serum panel APRI, and one in HCV-HIV co-infection'>®>?,

Fibrotest: In the former non-independent authors pooled 30 studies in 24 articles (6,378
patients) of which half of the included studies were independent validations (of the company
licensed and marketing Fibrotest). Most of these were in CHC (20/30) and in 11/20 were in
independent studies. Mean AUC for identification of significant fibrosis (stages 2-4) for CHC
was 0.77 (95% CI1 0.75, 0.79), NAFLD (95% CI 0.81 (95% CI 0.74, 0.86), and ALD 0.85
(95% CI 0.80, 0.89). The authors concluded that Fibrotest could be used as an alternative to
biopsy and that biopsy should be used as a second line investigation for clinico-biological
discordant cases.

Independent investigators (with no financial interest in the panel) evaluated 9 relevant studies
in CHC (1,679 total subjects) and found that in a heterogeneous analysis AUC for
identification of significant fibrosis was 0,81, and that at a threshold of 0.60 the sensitivity of
Fibrotest was 47% and specificity 90%. For the identification of cirrhosis AUC was 0.90. The
diagnostic accuracy was greater the more severe the fibrosis. The authors conclude that
Fibrotest has good accuracy for the identification of severe fibrosis but lesser accuracy for
earlier stages and that refinement was required before biopsy could be replaced.

APRI: In the systematic review of APRI in patients with CHC, 22 studies were reviewed
(n=4,266) and SROC analysis performed. This found summary AUC for significant fibrosis
and cirrhosis to be 0.76 (95% CI 0.74, 0.79) and 0.82 (95% CI 0.79, 0.86) respectively with a
summéry DOR of 11.3 (95% CI 7.9, 16.0). For the identification of significant fibrosis and
using a threshold of 0.5, APRI was 81% sensitive and 50% specific. AT prevalence of 40%
NPV was 80% and could reduce the need for biopsy by 35%. The performance of APRI was
unaffected by study or biopsy quality. The authors concluded the strength of APRI was in
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exclusion of significant fibrosis and they recommended that other biomarker should show cost
effectiveness and enhanced performance compared to APRI.

HCV-HIV co-infection: 6 studies were evaluated (646 total patients) and AUC values derived
form SROC analysis were for significant fibrosis 0.80 (95% CI 0.77, 0.83) and for cirrhosis
0.78 (0.73, 0.82). The authors concluded that more research was needed to elaborate the role
of serum markers in co-infection, and before any one panel of markers could be selected for
use in this population.

Other main themes in the literature since the reviews are the use of other modalities than
serum biomarkers and the use of sequential serum marker algorithm pathways in patient
management. There have been many studies in the last 2 years on the performance of other
modalities in particular transient elastography and its use in combination with serum
markers®”'%%18! Transient elastography uses an ultrasonic transducer mounted on the axis of a
vibrator which generates an elastic shear wave which moves through the tissue. The speed of
this wave is measured and this is related to tissue stiffness. The harder the tissue the faster the
shear wave moves. Studies have shown that this technique correlates with fibrosis stage.
However recent studies have drawn attention to the limitations of this technique in obese
subjects and those with inflammation'¢%'¢?.

There has been a general trend to publish.clinical algorithms to place serum markers in the
context of clinical practice. Some of these use a cheaper test (such as APRI) to identify
significant fibrosis followed by a further non-invasive test for those that could not be allocated
by the first test'®*. In all these suggested pathways the problems of balancing false test rates
against keeping the diagnostic performance high, in addition to maximizing the number of
patients that can be allocated to a fibrosis category has not been completely solved. There
remains no accepted way of using markers in clinical practice, although French health
authorities have introduced a national recommendation for the use of Fibrotest + transient
elastography in patients with CHC in order to reduce the number of biopsiés that need to be

conducted.
Future research

From this overview of the literature of non-invasive markers research recommendations

include:
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. the identification of new markers using methods such as proteomics and

metabonomics'®

and the use of these technologies with existing or new panels of
markers, either in isolation or in combination with emerging quantitative imaging
techniques that may improve test performance and the ability to distinguish individual
stages of fibrosis.

. Composite scores from emerging panel markers in CHC, NAFLD and ALD will need
validation by independent bodies. This process might be facilitated by establishing an
international reference library and quality assurance scheme. The evaluation of
diagnostic performance must be accompanied by parallel evaluation of test
performance for properties such as reproducibility, stability and linearity.

. The place of the markers in identifying those people with CLD due to alcohol or
obesity who have sustained any fibrotic liver damage in lower prevalence settings such
as primary care is of great importance. Should these people be identifiable with good
diagnostic accuracy then inteweﬁtions of lifestyle and pursuance of abstinence could
be focused and referral to secondary settings made more appropriate. Further work is
needed to ascertain the diagnostic performance of markers in such as setting

. Use of serum markers in combination with other diagnostic modalities such as serum
biomarkers and radiological imaging may increase diagnostic accuracy and allow
greater separation of stages of fibrosis. Radiological techniques such as transient
elastography, NMR spectroscopy and microbubble ultrasound have been used in the
context of chronic hepatitis C, and trials in NAFLD and ALD are awaited.

. Updating the systematic reviews in CHC NAFLD and ALD is needed with use of
meta-analysis and funnel plots. Extension into Hepatitis B, HCV-HIV co-infection and

PBC would be timely.

3.6 Conclusion

These reviews provide a systematic evaluation of the published evidence of the diagnostic

performance of serum markers of fibrosis in CHC, NAFLD and ALD. They include novel

summative analyses, and using methods adaptable by clinicians, have demonstrated the

clinical utility of markers to inform use in practice. They have highlighted methodological

limitations of commonly used performance measures and suggested alternatives. The current
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non-invasive markers potentially allow clinicians to select patients with severe fibrosis or
exclude severe fibrosis but in individual patients cannot differentiate the stages of fibrosis
reliably, and only in a minority of the population tested will a test result have a high diagnostic
performance. In clinical practice, this may allow the reduction in number of biopsies
performed. Moreover it is a useful alternative in patients having an absolute contraindication
or refusing percutaneous liver biopsy.

The limitations of the liver biopsy may create a glass ceiling for potential non-invasive tests,
and continuing improvement of both the index and reference test is needed before the ideal
surrogate test for liver biopsy is found, and in this regard clinical outcomes should be
evaluated. There is therefore a great need for studies that evaluate the performance of the
markers in terms of their ability to predict death or serious clinical outcomes. Such a study is

described in Chapter 5.

98




CHAPTER 4
DIAGNOSTIC PERFORMANCE OF THE EUROPEAN LIVER FIBROSIS (ELF)
PANEL MARKER

In this chapter the original study that derived and internally validated the ELFa panel of serum
markers will be described in order to provide background for the external validation studies
conducted in eight external independent populations of patients with four different aetiologies

of CLD. The eight external validation studies are then reported.

4.1 Introduction

The three systematic reviews reported in Chapter 3 have shown that although all serum
markers have limitations, there are promising tests that identify severity of liver fibrosis in all
three major liver diseases. Currently in the assessment of liver fibrosis none can replace liver
biopsy entirely, and although open to limitations of sampling and interpretation, liver
h.istology remains the reference standard for the diagnosis of fibrosis, itself a proxy for clinical
outcome. There have been recommendations that clinical outcomes are used directly to
evaluate the prognostic performance of serum markers. In order to conduct such a study of
serum markers in a cohort of patients with CLD the cohort would need to be followed up over
time. One such cohort has been recruited for the investigation of a panel serum markers -the
European Liver Fibrosis Group (ELFa) panel -derived and validated in a cohort of 921
patients®®. In this multicentre study of 13 centres in England (8) and continental Europe (5)
1,021 patients were recruited prospectively between 1998 and 2000. Access to these data was
agreed with the funding body (Bayer Healthcare/Siemens Diagnostics). ELFa performed well
in the identification of fibrosis on biopsy, especially the more severe spectrum of disease.
However, it is important to evaluate the ability of ELFa to identify fibrosis in populations in
which it was not derived, to demonstrate its effectiveness in independent populations and to
confirm its broader generalisability. Such external validation studies have been conducted in
independent cohorts of patients using this panel of markers to evaluate their diagnostic

performance. For ease of nomenclature the original ELF panel is denoted ELFa (“European
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Liver Fibrosis” panel), and a simplified version of ELF whose derivation is presented in this

chapter denoted as ELF (Enhanced Liver Fibrosis Panel).

4.2 Description of original ELFa* cohort study
Patients were recruited to the study if they were undergoing a liver biopsy for the investigation
of CLD defined as abnormal biochemical liver function tests persisting for more than three
months. Additional inclusion criteria used were the ability to provide informed consent and
ages between 18‘ years and 75 years. Patients were excluded if they fell outside this range, they
had any disorder associated with extra hepatic fibrosis including rheumatic renal or pulmonary
disease, if they had cardiovascular disease or cancer, had advanced cirrhosis with evidence of
decompensation (Child Pugh Class C), consumed regular aspirin, or had hepatocellular
carcinoma or drug induced liver disease. Ethical approval was given by UK South and West
Multi-centre Ethics committee and all local ethics committees for each site (MREC98/6/08).
Baseline data collected
(1) Nine serum markers of matrix synthesis or degradation were measured: Collagen
Type IV (Coll4); Collagen Type V1 (Coll6); Aminoterminal propeptide of
procollagen type 111(P3NP); Laminin; Tenascin; Hyaluronic Acid (HA); Matrix
metalloproteinases typel (MMP-2); Matrix metalloproteinases type 9 complexed
with Tissue inhibitor of Matrix metalloproteinases typel (MMP-9_TIMP-1);
Tissue inhibitor of Matrix metalloproteinases (TIMP-1) (see appendix for role of
Serum markers in ECM formation)
(i1) Liver function tests (usual local practice) from: ALT ; AST; GGT; albumin;
bilirubin; alkaline phosphatase
(ili)  Platelets
(iv)  Prothrombin time/INR
(v) Glucose
(vi)  Self —reported alcohol consumption
(vii) Body Mass Index
(viii) Self —reported smoking status
Serum samples were obtained at the time of biopsy. All histology was analysed locally and

also by one central pathologist (Professor AD Burt University of Newcastle). Individual
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fibrosis stage scores (Scheuer 0-4 and Ishak 0-6) were recorded. In addition the scores were
categorised into binary outcomes denoting no/mild fibrosis (Scheuer 0-1 and Ishak 0-2) or
clinically significant fibrosis (Scheuer 2-4 and Ishak 3-6) or cirrhosis (Scheuer 4 and Ishak 5-

6)). The biopsy scores from the central pathologist were used in all subsequent analyses.

The primary analysis of the performance of the serum markers examined the ability of the

algorithm to detect significant levels of fibrosis on biopsy.

Statistical analysis
Serum markers and blood parameters (such as liver function tests or platelets) were added
sequentially and were included in the algorithm if their addition to the algorithm increased the
overall generalized distance between groups in a discriminant analysis as judged by F test of
Wilks's lambda. In addition to these variables the subject’s age was included in the model.
Prior to analyses all variables were log (base e) transformed. This was done to remove
problems of concentration differences and to bring the standard error of each marker to within
one order of magnitude of each other. An optimal algorithm was selected and the results were
then combined to give an overall discriminant score and this was then validated in the
remaining 521 cases. The algorithm was evaluated for its ability to identify outcomes:

(a) Identification of significant fibrosis —Ishak (3-6; Scheuer 2-4)

(b) Identification of cirrhosis

Results

Baseline characteristics

63% of patients were male, with mean age of 44.1(SD 12.8 years range 19-75 years).
26.7% had severe fibrosis/cirrhosis (stages 4-6). Numbers recruited by centre are shown in
Table 4.1.
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Table 4.1 Numbers recruited by centre and arm of study

Centre Number recruited to cross Number
sectional study _ included in
cross sectional
study
Southampton 105 92
Cambridge 54 47
Liverpool 56 38
Newcastle-Upon-Tyne 148 121
Basingstoke 7 6
Oxford 83 71
Birmingham 90 75
Erlangen 98 77
Hannover 200 181
Florence 1 81 80
Florence 2 92 89
Stockholm 53 45
Total 1126 921

921 (82%) of recruited patients had adequate data on both serum and histology and were
included in the final analysis (see figure 4.1). Centres were all secondary/tertiary hepatology

centres, three were transplant centres (Cambridge, Newcastle, and Hannover).
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Figure 4.1 Flow chart of patients in Original ELFa Study

Total number recruited to ELFa study

/

\

Total Number with 9 serum
markers of liver fibrosis
1010

Total Number with interpretable liver
biopsy
981

Number included in ELFa cohort analysis with biopsy and 9 serum markers
921

/

T

Total number in Training Set
400

Total number in internal validation Set
521

Flow chart of the patients recruited to original ELF study who had an interpretable biopsy and full
complement of serum markers to be evaluated (n=921)

The attrition in participant numbers occurred mainly due to poor quality biopsies which could

not be interpreted, and failure of measurement of all nine of the serum markers values for each

person.
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Table 4.2 Baseline Ishak stage

Ishak Stage Number % per stage
0 226 245

1 200 21.7

2 133 14.4

3 116 12.6

4 83 9.0

5 56 6.1

6 107 11.6

Most of the participants had no or mild fibrosis on biopsy (46.2%) (Table 4.2). The majority
of the patients had Hepatitis C (47%), and NAFLD (10%) and ALD (6%) reflecting the major

causes of CLD, and also biopsy practice at the time of recruitment to the study (in order to

meet criteria for treatment with anti-viral therapies, patients with CHC had to have a

histological diagnosis of moderate or severe liver disease) (Table 4.3).
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Table 4.3 Disease aetiology of original ELFa cohort

Disease Aetiology Recruited (n) Final dataset (n) % of final
dataset

CHC 496 432 46.9
NAFLD 61 92 10.1
ALD 64 55 6.0
Hepatitis B 61 44 4.8
Post Transplant 48 42 4.6
Autoimmune Hepatitis 45 36 39
Primary Biliary Cirrhosis 35 32 3.5
Hereditary Haemochromatosis 32 29 3.1
Primary Sclerosing Cholangitis 18 16 1.7
Normal or very Mild non-specific 12 12 1.3
Cryptogenic or 1diopathic 19 12 1.3
HBV and HCV Co-infection 4 4 4
Granulomatosis hepatitis 3 3 3
alpha 1 antitrypsin 2 2 2
Unassigned 121 109 11.8
Total 1,021 921 100

There were fewer simple liver function biomarkers than serum markers of liver fibrosis,

reflecting local laboratory practice as all simple markers were analysed in the recruiting centre

(table 4.4).
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Table 4.4 Summary of serum markers of liver fibrosis original ELFa cohort (n=921)

Number | Mean (SD) | Median (IQR) Range

tests
HA 921 107 (395) 36 (18, 76) 1.9-9,325
P3NP 921 6.6 (7.7) 4.6 (3.2,7.2) 0.5-123
TIMP1 921 745 (450) 633 (481, 848) 4- 4,291
Laminin 921 22 (43) 15 (9, 24) 0.4-930
MMP2 921 634 (248) 599 (476, 740) 3.9-2,495
MMP9 timp 921 518 (271) 473 (340, 647) 0.1 -2081
Tenascin 921 438 (280) 375 (265, 537) 2-2998
Coll IV 921 165 (126) 134 (107, 178) 3.1-1811
Coll VI 921 4.7 (2.4) 4.3 (3.3,5.7) 0.6-30.8
INR 886 1.0 (0.2) 1.0 (0.9, 1.1) 0.1-3.7
Creatinine 902 89 (18.9) 87 (77, 98) 49- 250
ALT 885 78 (113) 51 (26, 110) 4-1921
GGT 848 112 (203) 51 (31, 133) 3-1903
AST 706 55 (77 37 (24, 60) 6-1311
Albumin 668 59 (86) 44 (40, 47) 21-67
Bilirubin 826 18  (35) 12 9,17) 3-495
Platelets 910 207 (71) 203 (159, 249) 40-669

Results of original ELF diagnostic study

The optimal panel selected contained age, HA, TIMP1 and P3NP (see below).

Final ELF panel

Scheuer (5 stages)

ELFa=-0.014*Ln (AGE) +0.616*Ln (HA) +0.586*Ln (PIIINP) +0.472*Ln (TIMP-1)-6.38
Ishak (7 stages)

ELFa=-0.08*Ln (AGE) +0.608*Ln (HA) +0.601*Ln (PIIINP) +0.511*Ln (TIMP-1)-6.26

The performance of ELFa panel was evaluated in the internal validation set (n=521), and
found to have good performance at identification of significant fibrosis/cirrhosis and cirrhosis
(see Table 4.5 for AUC (95% CI) results). At an ELFa threshold of 0.102, the sensitivity was
90%, specificity was 41%, +LR 1.5/-LR 0.24, and PPV was 35% and NPV 92% in this

population.
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Table 4.5 Diagnostic performance of ELFa panel for different cuts of fibrosis

95% CI Sensitivity Specificity +LR -LR

Histology Ishak AUC
(0-2) v (3-6) 0.78
(0-3) v (4-6) 0.80
(0-4) v (5-6) 0.89

0.
0.
0.

74 to 0.82
76 to 0.85
84 to 0.94

90 30 1.3 0.3
91 41 1.5 0.2
91 69 2.9 0.1

ELFa works particularly well in patients with NAFLD and ALD (AUC=0.94 for stages 4-6)

although numbers of patients with ALD are small (n=55). (Table 4.6) The performance is less

good in terms of specificity, PPV and likelihood ratios.

Table 4. 6 Diagnostic performance of ELFa panel in identifying serious fibrosis

(Ishak 4-6) (Validation set n=521)

AUC|  95% CI
HepatitisC | 0.77 | 0.70 to 0.85
NAFLD 0.87 | 0.67t0 1.00
ALD 094 | 0.4to1.00

Conclusion from original diagnostic ELF study

The ELFa panel excluded significant fibrosis with sensitivity more than 90% and identified

significant fibrosis with specificity of 90% using different thresholds of the ELF score. The

positive predictive value and LR were less strong. It performed particularly well in a subset of

ALD and NAFLD (although these populations were small and so the 95% CI were wide).
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4.3 External Validation studies of the diagnostic performance of ELFa panel

The diagnostic performance of the ELFa markers (summarised above) was shown to
accurately predict significant fibrosis. Following the publication of the ELFa panel,
collaborations with centres in the USA, continental Europe and UK have provided access to
cohorts of patients with different aetiologies of CLD. This not only provided an opportunity to
externally validate the performance of ELF in independent populations, but also afforded a
chance to determine if ELF could be simplified using the whole of the original ELF cohort

(n=921) as a training set, whilst maintaining its performance.

The aetiologies and sources of patient cohorts in the 8 external validation studies were:
1. Chronic Hepatitis C
a. Trent Region HCV dataset
b. Southampton
c. Centre for Disease Control and Prevention (CDCP) Atlanta, Georgia
2. NAFLD
a. Newcastle
b. Nottingham
¢. Rome Paediatric population
3. PBC
a. University of Texas Southwestern, Dallas Texas
4. HCV-HIV co-infection

a. University of California San Francisco

The initial section reports the simplification of the ELFa panel (4.3.1). The following sections
report the external validation studies in patients with CHC, NAFLD, PBC and HCV-HIV co-

infection. For each external validation cohort the recruitment of the participants of the cohort,
the methodology of acquisition of serum and histology, and the baseline characteristics of the
cohort will be described. A common method of analysis of these data was used and is

described in section 4.3.6. Summary tables of diagnostic accuracy of ELFa and ELF in each
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external cohort are reported. Additional analyses (clinical utility model) were conducted for

NAFLD and these are presented in section 4.3.7.

4.3.1 Derivation of a simplified three marker panel ELF (Enhanced Liver Fibrosis)
The entire original ELF cohort of patients (n=921) with baseline biopsy results, TIMP1 HA,
P3NP, and age was used as training population to explore if the ELFa panel could be
simplified, and to optimise the diagnostic performance of the ELFa algorithm. The statistical
analysis used in this simplification of ELFa panel was backward selection logistic regression
using the individual markers in the ELF panel and age for binary grouped biopsy stage
(stages0-3 vs. 4-6). This analysis was conducted in the whole of the original cohort (n=921)
using SPSS for Windows version 14.0 Results from logistic regression in this training cohort
resulted in a simplified version of ELF which contained TIMP1, HA, and PIIINP but did not
have the age variable, as age became non-significant in the analysis at the 5% level. It was not
possible to simplify the panel further without diminishing diagnostic accuracy. Furthermore it
was not possible to improve performance through the addition of any of the other direct
markers or simple biochemical tests. The simplified serum marker panel is presented below
(ELF). Both published ELFa panel (original published panel) and ELF panels are reported for
comparison in all external validation studies. The algorithms for use in both Ishak (7 level

staging) and Scheuer (5 level staging) are presented (Figure 4.2).

109




Figure 4.2 Panel algorithms for published ELFa (original European Liver fibrosis panel)
and simplified ELF (Enhanced Liver Fibrosis panel)

ISHAK classification of biopsy (F0-3 vs. 4-6)

i.  ELFa (published) = -6.26 - (In (age)*0.08) + (In (HA)*0.608) + (In
(P3NP)*0.601) + (In(TIMP1)*0.511)

ii.  ELF (no age)=-8.468 + (In (HA) *0.892 ) + (In(P3NP)* 0.759) + (In (TIMP) *
0.410)
SCHEUER (METAVIR) classification of biopsy (F0,1 vs. 2-4)

i. ELFa (published) =-6.38 - (In(age)*0.14) + (In(HA)*0.616) + (In(P3NP)*0.586)
+ (In(TIMP1)*0.472)

ii. ELF (no age) =-7.412 + (In(HA)*0.681) + (In(P3NP)*0.775) +
(In(TIMP1)*0.494)

Equations for ELFa (original published ELF panel) and ELF (simplified ELF panel) for Ishak and
Scheuer histology classifications

The diagnostic performances of published ELFa and ELF in the training cohort were similar
(Figure 4.3) in the exclusion of any or mild fibrosis and the identification of moderate/severe

fibrosis and cirrhosis, producing very similar ROC curves.
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Figure 4.3 Performance of the published ELF panel algorithm (ELFa), and a simplified
panel derived in whole training set (ELF) (n=921) identifying moderate/severe fibrosis
(F0-3 vs. 4-6).

ROC Curve
d —ELFa
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Reference Line
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0.0 0.2 04 0.6 0.8 1.0
1 - Specificity

95% Confidence
AUC | Interval |
Lower | Upper
ELFa .83 .80 .86
ELF .83 .80 .86

In Table 4.7 the sensitivities, specificities and predictive values of the Enhanced Liver Fibrosis
panel values in identifying severe fibrosis are reported. ELF scores above 8.54 would rule in
any fibrosis at a sensitivity of 85% and below 9.27 would rule out fibrosis scores with

specificity of 85%.
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Table 4.7 Diagnostic performance indices for Enhanced Liver Fibrosis (ELF) panel in
original cohort in identification of severe fibrosis (Ishak 4-6).

ELF Sens |Spec | PPV | NPV LR+ LR-
7.61 95 29|33 94 1.34 0.17

8.15 90 50 | 40 93 1.80 0.20

8.54 85 65 | 47 92 243 0.23

8.73 80 72151 91 2.86 0.28

8.95 75 80 | 57 90 3.75 0.31

9.27 | 65 85 | 87 62 4.3 | 041

9.58 57 90 | 85 68 5.7 0.48

10.06 47 95183 78 9.4 0.58

4.3.2. Methods and participants in external validation studies in independent populations
of patients with CHC
Entry criteria for the external validation study were the same for all populations. Serum

samples were taken within six months of a biopsy in patients naive to treatment.

Cohort 1 was derived from a population based study of all patients who had had CLD newly
diagnosed in all gastroenterology offices in three counties in the USA from 1999-2001.
Serum markers were assayed from patients with CHC who had undergone biopsy (362). Of
these, 110 had a biopsy performed within 6 months of the sample and 87 of these were naive
to treatment. 4

Cohort 2 comprised 171 prospectively recruited treatment naive patients with CHC from the
Trent Health Region (UK) HCV cohort study. The Trent cohort study began in 1995 with the
aim of evaluating the natural history and epidemiology of Hepatitis C. Patients were recruited
from 7 hospital out-patient clinics in one health region.

Cohort 3 was a retrospectively recruited cohort of 87 naive patients with CHC in a single
tertiary hepatology centre with available biopsy and serum samples taken within 6 months of

each other (Southampton).
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Histology

Biopsies were classified using the METAVIR (cohort1) and Ishak (cohorts 2, 3) scoring
systems. In order to facilitate comparisons between cohorts both the actual staging is given
and a clinical meaningful grouping presented of no fibrosis, mild, moderate, and severe. The
groups were as follows: “no fibrosis” (METAVIR FO or Ishak 0), mild fibrosis (METAVIR F1
or Ishak 1, 2), “moderate fibrosis” (METAVIR F2 or Ishak Stage 3), and severe
fibrosis/cirrhosis (METAVIR F3, 4 or Ishak Stages 4-6). The Scheuer algorithm was used in
cohort 1 which presented histology in a 5 stage classification (METAVIR) - both of which are
analogous in fibrosis specification.

The baseline characteristics of patients in the three cohorts are presented in Table 4.8.The
median ages are similar to the original cohort. Although broadly similar in fibrosis severity
there were differences between cohorts. Cohort 3 had a greater prevalence of severe/cirrhosis
than cohort 2 and 1 (35% vs. 28% vs. 24%) and overall cohort 2 had more moderate/severe

fibrosis (64% vs. 56% cohort 1 and 3). Cohort 3 was the only single centre study.

Table 4.8 Patient characteristics in external validation cohorts
CHC Cohort 1 CHC Cohort 2 CHC Cohort 3
(n=87) (n=173) (n=87)
Median age (range) 45 (25-72) 44 (23-71) 42 (18-78)
Setting USA: All Gastro England: Secondary | England: Single
enterology offices hepatology outpatient | tertiary hepatology
in 3 US counties clinics centre
Recruitment method at Prospective cohort | Prospective Consecutive
entry study of patients recruitment to retrospective
with newly regional HCV
diagnosed CLD Register
Histology classification METAVIR Ishak Ishak
Staging levels n % n % n %
(%) 0 9 10 0 36 21
1 29 33 1 26 15 0 1 1
2 28 32 2 29 17 1 14 16
3 9 10 30 22 13 2 24 28
4 12 14 4 12 7 3 18 21
5 19 11 4 7 8
6 27 16 5 14 16
6 9 10
Severity of fibrosis (%)
Nil 10% 21% 1%
Mild 33% 15% 44%
Moderate 32% 36% 21%
Severe 24% 28% 35%

ISHAK mild= 1, 2: Mod=3: severe/cirrhosis =4, 5, 6 METAVIR mild=1: moderate 2: severe/cirrhosis =3, 4
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4.3.3. Methods and participants in external validation studies in NAFLD

Cohorts 1 and 2 (UK centres)

Patients were recruited consecutively from tertiary out-patient liver centres in the UK, in
Nottingham and Newcastle-upon-Tyne. All patients had an index liver biopsy and serum taken
within three months. Alternative causes of liver disease were excluded by standard clinical
history, examination and blood tests. All patients had a weekly ethanol consumption of less
than 140 g in women and less than 210 g in men. The following clinical measurements were
obtained weight circumference, hip circumference and body mass index (BMI). Serum
samples were obtained for routine liver chemistry (including alanine transaminase (ALT),
gamma glutamyl transpeptidase, bilirubin, albumin, and alkaline phosphatase), full blood
count, measures of insulin resistance (including fasting glucose, insulin and ¢ peptide), ferritin,
total cholesterol, HDL, LDL and triglycerides. Serum samples were analysed for levels of
TIMP-1, HA and PIINP at an independent reference laboratory (iQur Limited, Southampton,
UK) and ELFa and ELF scores were calculated using the Scheuer algorithm for 5 stage

classification of histology.

Liver biopsy

Liver biopsies were assessed by two hepato-pathologists, one at each centre. Biopsies were
graded for fibrosis using a five stage classification system for fibrosis that has recently been
published by National Institute of Diabetes and Digestive and Kidney Disease?; stage 0=
absence of fibrosis, stage 1 = perisinusoidal or portal, stage 2= perisinusoidal and

portal/periportal, stage 3= septal or bridging fibrosis and stage 4= cirrhosis.

Paired serum and histological data were available for 192 subjects. The baseline
characteristics of these patients are shown in table 4.9. The demographic data were similar for
the two populations; 64 % of subjects were male, the mean age in the study was 49 years and

63 % of subjects had evidence of the metabolic syndrome.
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Table 4.9 Baseline patient characteristics in NAFLD individual & combined cohorts

Category Nottingham Newcastle centre | Entire cohort
centre

Number 88 104 192

Age (years) 50.4+/-11.5 473 +/-11.1 48.7 +/- 12.5

Male subjects 65 % 63 % 64 %

BMI (kg/m”) 30 +/- 4.5 34.4+/-59 32.4+/-5.7

Waist (cm) 104.5 +/- 12.5 111.2+/-12.7 107.8 +/- 13

Metabolic 66 % 60 % 63 %

syndrome (yes)

Fasting Glucose 6.0 +/-1.7 6.5+/-3.3 6.3 +/-2.7

(mmol/l)

Triglycerides 2.1+/-1.6 2.8 +/-1.8 2.5+/-1.8

(mmol/l)

HDL 1.4 +/-0.42 1.1 +/-0.28 1.24/-04

(mmol/l)

ALT 76.1 +/-48.9 78.4 +/- 64.6 77.3 +/-57.8

(U/L)

GGT 140 +/- 135 104 +/- 102 121 +/- 119.5

(U/L)

Albumin 43.7 +/-3.4 44,9 +/-4.9 443 +/-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 %

Values in mean +/- standard deviation unless stated

Cohort 3 Methods and participants in external validation study in a paediatric

population with NAFLD

Consecutive patients diagnosed with NAFLD according to accepted criteria (Nobili V et al.

Hepatology 2006) seen in the paediatric department in Institute Bambino Gesu Opitale, Roma

between June 2004 to June 2006 were included in the study. All patients were referred with

elevated aminotransferase levels associated with diffusely echogenic liver in imaging studies

suggestive of fatty infiltration of the liver. Ultrasonography is the most commonly used

modality for evaluating hepatic steatosis in children. The diagnosis of NAFLD was confirmed

with a percutaneous liver biopsy in all cases. All patients were HCV RNA-PCR negative.
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Secondary causes of steatosis including alcohol abuse (> 140 g/week), total parenteral
nutrition, and the use of drugs known to precipitate steatosis (e.g. valproate, amiodarone or
prednisolone) were excluded in all cases. Hepatitis A, B, C, D, E and G, cytomegalovirus and
Epstein-Barr virus infections were ruled out by appropriate tests. In all cases, autoimmune
liver disease, metabolic liver disease, Wilson Disease, and a-1-antitrypsin deficiency were
ruled out using standard clinical and laboratory evaluation as well as through histological
examination of the liver biopsy.

Paired samples of serum and histology were evaluated to determine the performance of ELF
panel in estimating fibrosis severity assessed by liver biopsy.

Liver Histology. Biopsies were performed in all children using an automatic core biopsy
device (Biopince, Amedic, Sweden). Liver biopsies were at least 15 mm long and were read
by a single blinded liver pathologist. Histology was scored using the Modified Brunt
classification: 0 No fibrosis, 1 perisinusoidal/periportal fibrosis, (1a mild zone 3
perisinusoidal, 1b moderate zone 3 perisinusoidal, 1c portal/periportal) 2 perisinusoidal
+portal/periportal, 3 bridging fibrosis 4 cirrhosis.

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki
and was performed according to the recommendations of the Ethics Committee of Children’s
Hospital and Research Institute Bambino Gesu. Informed consent was obtained from each
patient or a responsible guardian.

Baseline characteristics are presented in Table 4.10. The mean age was 11.7 years (range, 3-
17.8) with a predominance of male (n = 72, 64%). The mean ALT level was 76 1U/L (range
10-407 IU/L), and the mean AST level was 48 IU/L (range 19-187 IU/L) with all children
been evaluated and the liver biopsy performed due to persistently elevated ALT and/or AST.
Insulin resistance as indicated by a HOMA-IR > 2, or [SI-comp < 6 was present in 51 (60.7%)
and 62 (73.8%) children, respectively, with 66 (79%) of children having either HOMA-IR > 2,
or [SI-comp < 6. Obesity was present in 34 (30.5%) subjects including 23 male and 11
female, and 23 (67.6%) of them were insulin resistant as indicated by ISI or HOMA-IR
parameters. A significantly higher proportion of children without obesity were insulin
resistant as compared to children with obesity [43/50 (86%) vs. 23/34 (67.6%) respectively, p
= 0.044].
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Table 4.10 Baseline characteristics of the patients in external validation study (cohort 3)

(n=112)

Mean = SD or n (%) Range
Age (years) 11.7+3.3 3-178.8
Gender (M/F) 64/48
BMI (kg/m?) 26.3+3.7 15.2-38.4
Obesity 34 (30.5%)
Type 1I diabetes 2 (2.3%)
Hypertension 2(2.3%)
AST (IU/L) 48 £26 19-187
ALT (IU/L) 76 = 63 10-407
AST/ALT ratio 0.8+0.4 0.4-2.3
AST/ALT ration > 1 16 (19%)
GGT (IU/L) 26 +21 10—130
Cholesterol ( mg/dL) 156 +35 75-243
Hypercholesterolemia 9 (10.7%)
Triglyceride (mg/dL) 95 + 55 28-351
Hypertriglyceridemia 6(7.1%)
Fasting glucose (mg/dL) 82 £12 60-138
Fasting insulin (uU/L) 11.8 £6.1 3.5-30.7
HOMA-IR 2.69 £1.35 0.7-6.7
HOMA-IR >2 51 (60.7%)
ISI-comp 44120 1.2-9.1
ISI-comp <6 62 (73.8%)
Histology (fibrosis)-
0 37 (33)
la 8 (M
1b 6 (5
lc 44 (39)
2 9 (8
3 6 (5
4 2 (2
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4.3.4. Methods and participants in external validation studies in PBC

161 patients with PBC were prospectively followed between 1993 and 2003 as part of a multi-
centre US clinical trial that was designed to investigate whether low dose weekly
methotrexate, when added to ursodiol, improved survival or delayed progression of PBC.
Methotrexate was not found to affect the course of PBC, so patients from both treatment arms
were combined for the purpose of this study'®. Only patients with established, but not
decompensated PBC were enrolled into the parent trial. Participants were required to have
both a positive anti-mitochondrial antibody as well as either an abnormal alkaline phosphatase
or at least stage 1 disease on liver biopsy. Patients with a history of variceal bleeding, ascites,
or encephalopathy were excluded. Of the 161 patients 147 had biopsy and ELF values at
baseline.

Baseline values were taken at 0 or 2 years after enrolment for single individuals.

Histology was scored by a single pathologist using the Ishak classification.

The diagnostic performance of ELF panel in the identification of fibrosis stage derived from
liver histology was assessed using AUC. Different levels of severity of fibrosis were
evaluated, (i) any fibrosis (0 vs. 1-6) ; mild fibrosis (0,1 v 2-6) , moderate/severe fibrosis (0-
2 vs. 3-6), severe fibrosis (0-3 vs. 4-6), and cirrhosis (0-4 vs. 5,6. Sensitivities, specificities
and predictive values were derived. All analyses were performed using the SPSS software
package version 14 (SPSS Inc. Chicago, Il.).

Baseline median age was 53 years (27-70). Prevalence of severity of fibrosis (Ishak)

grade 0- 6%, grade 1 -18%, grade 2 - 35%, grade 3- 22%, grade 4 -13%, grade 5 -5%, grade
6- 2%. 110 patients had baseline ELF and biopsy at 0 years and 37 at 2 years after enrolment.

4.3.5. Methods and participants in external validation studies in HCV-HIV co-infection
Patients with HCV-HIV co-infection naive to treatment for CHC, were recruited into a
therapeutic prospective study at 21 sites in US'®’. They all had a biopsy within 48 weeks pre-
study. Exclusion criteria included decompensated liver disease. Subjects were randomly
assigned to receive 2 regimes of combination therapy with interferon and ribavirin. Baseline

serum and biopsy were assessed for ELF markers.
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Baseline chafacteristics

133 subjects were enrolled into the study between December 2000 and June 2001. 85% were
male, the mean age was 44.5, and 86% were receiving stable HIV medication. 20% had severe
fibrosis (Ishak 4-6) Table 4.11.

Table 4.11 Baseline histology in patients with HCV-HIV co-infection

Ishak staging Number %
0 6 4.6
1 35 26.7
2 33 25.2
3 31 23.7
4 13 9.9
5 9 6.9
6 4 3.1

4.3.6 Method of analysis used in all independent cohorts to externally validate ELF panel
TIMP-1, P3NP, and HA (ELF test) were assayed on an automated IMMUNO 1
immunoanalyser (Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA).

The assays are magnetic particle separation immunoassays and were identical to those used for
the 2004 European Liver Fibrosis study. The TIMP-1 and P3NP assays each use two
monoclonal antibodies (MAbs) that bind to independent binding sites on their respective
antigens. The HA assay uses hyaluronic acid binding protein (HABP), which is isolated from
cow nasal septum, in the place of MAbs.

ELF markers were analysed in singular and the results continually referred to a set of quality
standards to ensure accurate analysis. The ELF assays require a total of 22.2 uL of serum for a
single determination: 3.5 ulL for HA, 15.0 puL for P3NP and 3.7 pL for TIMPI.

The diagnostic performance of ELF panel in the identification of fibrosis stage derived from
liver histology was assessed using AUC. Different levels of severity of fibrosis were
evaluated using the Ishak staging, (i) any fibrosis (0 vs. 1-6) ; mild fibrosis (0,1 v 2-6) ,
moderate/severe fibrosis (0-2 vs. 3-6), severe fibrosis (0-3 vs. 4-6), and cirrhosis (0-4 vs.
5,6).
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Statistical analysis

ELF scores were compared to histological staging of liver biopsies from corresponding
patients and the sensitivity and specificity of the ELF score for detecting fibrosis was
calculated. These results were then used to plot ROC curves and the AUC was calculated.
PPV and NPV values and LRs for detecting different degrees of severity of fibrosis were also
calculated. Sensitivities, specificities and predictive values were derived. All analyses were
performed using the SPSS software package version 14 (SPSS Inc. Chicago, 11.).

In order to compare performances, both the published ELF panel (ELFa) and any simplified

panel (ELF) were assessed in the external validation cohorts.

4.3.7 Results

A summary results table of diagnostic performance (AUC) of ELFa and ELF in all external
validation cohorts is presented in Table 4.12. The prevalence of severe fibrosis varied between
external cohorts, with two of the CHC cohorts being greater than training (34% vs. 27%). Co-
infection PBC and NAFLD were lower (19% vs. 27%) and the paediatric cohort lowest of all
(7.2%).

In all cohorts ELFa and ELF had similar performance in the identification of all levels of
severity of fibrosis. Thus the ELF panel can be simplified without loss of diagnostic
performance (see figure 4.3 for ROC curves).

ELF had a better diagnostic performance in the identification of significant fibrosis or severe
/cirrhosis, with AUC values consistently higher in all cohorts for the identification of Ishak
stages 3-6 and 5-6. In the majority of cohorts ELF has AUC values >0.80 for the identification
of significant fibrosis and for cirrhosis.

ELF panel performance as assessed by ROC analysis was as good if not better than that in
original training cohort.

NAFLD

ELF had a high diagnostic accuracy in all cohorts but was particularly good in NAFLD. The
ELF panel had an excellent performance in distinguishing severe fibrosis in patients with

" NAFLD with an AUC of 0.91 and a threshold of 10.3576 was associated with a sensitivity of
80 %, specificity of 90 %, positive predictive value of 71 % and a negative predictive value of

94 %. In distinguishing moderate fibrosis the overall AUC was 0.82 and a threshold of -
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10.1068 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 and a threshold of 9.793 was associated with a sensitivity of 61 %, specificity
of 80 %, positive predictive value of 81 % and a negative predictive value.

Sensitivity and specificity were derived for all cohorts at each cut of fibrosis. In all cohorts
ELF panel worked best at a high and low threshold either with a high sensitivity and lower
specificity or high specificity and lower sensitivity (PPV and lower NPV or high NPV and
lower PPV). This confirms its performance in the original study (and that of other panel
markers in the systematic reviews presented in chapter 3. DOR and LR are presented and

showed that ELF has a good diagnostic performance (Appendix 5 Table 1).
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Table 4.12 Summary of AUC (95% CI) for ELFa (original) and ELF (simplified) in 8 external validation cohorts

Fibrosis | Master Trent CHC Southampton CHC | CDC CHC* NAFLD Paediatric PBC HCV-HIV
stage training n=171 n=87 n=97 combined NAFLD n= 147 Co-Infection
cohort n=921 n=192 n=112 n=131
ELFa | ELF | ELFa | ELF ELFa ELF ELFa | ELF | ELFa | ELF ELF | ELF ELFa | ELF | ELFa | ELF
a
Prev 456 | 26.9 34 344 233 19.5 7.2 19 19.9
%)

Prev any | 75.4 79.2 99 89.5 57.2 67 94 94.3

fibrosis

(%)

0vi1-6 0.72 0.72 0.78 0.79 n/a n/a 0.71 0.711 0.78 0.78 n/a 0.92 0.74 0.72 0.86 0.86
(0.70, (0.71, (0.53 (0.53, | (0.72, (0.72, (0.86, (0.57, (0.54, (0.75, (0.74.
0.86) 0.86) 0.89) 0.89) | 0.85) 0.85) 0.97) 0.91) 0.89) 0.97) 0.97)

0,1v2-6 | 0.77 0.77 0.79 0.80 0.69 0.69 0.77 0.77 0.84 0.85 n/a 0.99 0.72 0.71 0.84 0.83
(072, (0.73, (0.67, (0.67, | (0.78, (0.79, (0.97, (0.63, (0.61, (0.76. (0.76,
0.86) 0.87) 0.86) 0.87) | 0.90) 0.91) 1.0) 0.81) 0.80) 0.91) 0.91)

0-2v36 | 0.79 0.79 0.83 0.83 0.87 0.87 0.90 0.90 n/a 0.76 0.76 0.81 0.78
(0.76, (0.76, (0.78, (0.80, (0.84, (0.85, (0.68, (0.67, (0.73, (0.70,
0.89) 0.89) 0.95) 0.95) 0.96) 0.96) 0.84) 0.84) 0.88) 0.86)

0-3v4-6 | 0.83 0.83 0.86 0.87 0.90 0.89 0.85 0.85 0.93 0.93 n/a 0.99 0.84 0.83 0.84 0.84
(0.81, (0.81, (0.83, (0.83, (0.76, | (0.76, | (0.90, (0.89, (097, (0.76, (0.75, | (0.77, (0.75,
0.92) 0.92) 0.96) 0.96) 0.94) 0.94) | 0.97) 0.97) 1.0) 0.92) 0.91) 0.92) 0.92)

0-4v56 | 0.86 0.86 0.88 0.88 0.89 0.89 0.90 0.90 0.91 0.91 n/a n/a 0.86 0.85 0.77 0.77
(0.82, (0.82, (0.82, (0.82, (0.82, (0.82, | (0.86, (0.86, 0.77, (0.76, (0.66, (0.65,
0.93) 0.93) 0.96) 0.96) 0.98) 0.98) | 0.95) 0.95) 0.94) 0.94) 0.88) 0.88)
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Figure 4.4: ROC curves of ELF panel identifying serious fibrosis (Ishak 4-6) with and
without age (a) NAFLD (b) PBC
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Figure 4(a) Figure 4(b)

ROC curves of the performance of ELFua (original published ELF) and ELF (simplified ELF) in

cohorts of NAFLD(a) and PBC (b) showing that their performance is very similar

High and low thresholds at which the sensitivity was ~90% and another where specificity was

~90% in each cohort were compared to the thresholds from the original ELF cohort (Table
4.13). Thresholds differed between the original training cohort and those in the external

validation cohorts, where all of the thresholds were higher.

Conversely those thresholds derived in the original ELF cohort for certain values of sensitivity

and specificity do not yield the same results for diagnostic accuracy with the equivalent

thresholds in the external cohorts (data not presented).
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Table 4.13 Comparison of thresholds to identify significant fibrosis (Ishak 3-6/Sheuer 2-
4)

Bayer | CHC1 | CHC2 | CHC3 | NAFLD | NAFLD | PBC | HCV-HIV
(1&2) 3) co-infection
Thrl | 7.53 8.92 9.03 8.37 9.33 10.09 8.3 8.51
Senl | 90 90 90 95 90 100 90 90
Spl |32 53 35 54 50 88 30 46
Thr2 | 9.12 9.93 10.18 | 9.84 10.31 10.3 9.82 9.85
Sen2 | 50 60 33 50 56 82 5 51
Sp2 (90 90 90 90 90 100 90 89

Additional analyses
Using NAFLD as an example, additional analyses were conducted to show:

(1) the development of a clinical utility models which showed
The use of high and low ELF thresholds and the balance of false negatives/false positive
results with those correctly allocated and those patients who could not be given an ELF value
at a particular predictive value.

(ii) how ELF performance may vary with different prevalence of fibrosis

Development of a clinical utility model

The clinical utility model in figures 4.4 and 4.5 shows the number of patients who could avoid
a liver biopsy if only extreme thresholds were used to determine who should have a biopsy.
For the diagnosis of severe fibrosis using a high threshold and a low threshold, 77 % patients
would avoid a liver biopsy (true positives and true negatives), 4 % of patients would
incorrectly avoid a biopsy (false positives and false negatives) and 19 % of patients would
have indeterminate scores requiring consideration of a biopsy. Predictive values are strongly
influenced by the prevalence of the underlying disease therefore we have modelled what
would happen if the prevalence of severe fibrosis increases or decreases (see figure 4). With
increasing prevalence, both the number of patients incorrectly assigned and the number of

indeterminate biopsies would increase.
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Using this clinical utility model for the diagnosis of any fibrosis (Stage1-6), 40 % of patients

can avoid a biopsy correctly, 8 % will incorrectly avoid a biopsy and 52 % will have

indeterminate scores requiring consideration of liver biopsy. Figures 5 and 6 illustrate the

influence of prevalence on these figures. With increasing prevalence the both number of

incorrectly assigned biopsies and indeterminate biopsies would reduce in number.

Figure 4.5 Clinical Utility models showing effect of varying prevalence for the detection
of F4-6 fibrosis in the combined NAFLD cohort (at threshold of 95 % for NPV and PPV)
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Figure 4.6 Clinical Utility models showing effect of varying prevalence for the detection
of F1-6 (any) fibrosis in the combined NAFLD cohort (at threshold of 95% for NPV and
80% PPYV)
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4.4 Discussion

The use of the whole of the original ELF cohort as a training set allowed the development of a
simplified version of ELFa. This was shown to maintain its performance compared to the
original panel in 8 independent cohorts of patients with CLD. The Enhanced Liver Fibrosis
panel had good diagnostic accuracy in all cohorts across 4 different types of CLD, and this
performance was at least as good if not better than the training population in which it was
derived. It was particularly effective in identifying serious fibrosis/cirrhosis and worked best

in the NAFLD cohorts where the AUC values were all above 0.80.

Strengths .

The national and international collaborations that have been established during this thesis have
created access to 8 cohorts of patients with CLD in which to conduct robust evaluations of the
performance of the ELF panel of markers. This has added considerably to the literature on
serum markers in predicting fibrosis on biopsy. In particular these 8 studies have substantively
validated the ELF panel of markers making it one of the most validated biomarkers of liver
fibrosis in CLD.

The studies have shown that a panel of markers of liver fibrosis derived in a mixed cohort of
patients with CLD (predominantly CHC) maintained its performance in single aetiology
cohorts. This broadens its generalisability.

The evaluation of ELF in a large paediatic population will add to the scant literature on non-
invasive markers in children. With the rise of childhood obesity it is becoming important to
identify those children who are at risk of developing significant and severe fibrosis/cirrhosis
due to obesity. It is alarming that such a large cohort could be assembled fairly rapidly over 18
months, and that here was such a high prevalence of significant fibrosis in children whose

median age was 13 years.

Limitations
The limitations of liver biopsy as a reference standard may lead to the misclassification of
ELF. This is likely to be a blunting of association and therefore any diagnostic performance

shown is probably an underestimate. This is discussed in more detail in Chapter 6.
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The studies are relatively small (all under 200) leading to reduction in precision of estimates
of effect. However both co-infection and PBC are not the most common of CLD, and
recruitment takes longer to achieve and may require multi-centre participation in order to
attain sufficient numbers to power studies, which are more costly and require more complex
administration. Combining several smaller studies in a meta-analysis may be one solution.
However problems arise when the inclusion criteria of the studies are dissimilar, different
histology classifications were used and patients may be on treatment which may affect staging
if biopsy and serum are not taken at the same time point. Two of the NAFLD cohorts could be
combined as the methods of recruitment were similar and the methods of classification of
histology compatible.

In the PBC cohort the paired samples of serum and biopsy were taken at baseline and 2 years
after the start of the study. This was done to increase the power of the study. A sensitivity
analysis was performed with only those patients with baseline values at zero time (n=110)
considered in the analysis compared to the analysis where all patients are included (n=147).
ELF was shown to have greater diagnostic accuracy in the identification of mild/significant
fibrosis (stages 2-6) or any fibrosis (1-6) when only patients at time zero were included. AUC
values in moderate/severe fibrosis were the same when patients at time zero and at zero and 2
years were considered. (See Appendix 5 for analysis). For any fibrosis —baseline and 2 years
AUC=0.72 (95% C1 0.55, 0.86) and for baseline AUC =0.80 (0.57, 1.0), and for
mild/moderate/severe fibrosis AUC baseline and 2 years =0.71 (0.60, 0.78) and baseline alone
AUC=0.75 (0.65, 0.86). This difference may reflect the change of fibrosis over time leading to
a bias in the results.

Such progression/regression of fibrosis over time may have affected the results in the HCV-
HIV co-infection as the inclusion criteria permitted biopsy results up to 48 weeks prior to
study entry and the first serum sample. However, most biopsies were taken within 6 months or

at study entry reducing this potential bias.

Both PBC and HIV-HCYV co-infection cohorts consisted of patients recruited to treatment
trials whose pre-treatment baseline tests were used in the analyses. In the case of PBC the
treatment was not effective and both treatment arms were used in the study. There may have

been selection bias in this participant selection reducing its generalisability to hepatology
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clinical settings, where patients with PBC and co-infection are not subjected to strict exclusion

criteria.

In these external studies there were limited opportunities for direct comparison of other
markers with ELF in predicting fibrosis. It was possible to compare ELF and the Mayo clinical
scale in 141 patients with PBC. ELF had consistently higher AUC values- for severe fibrosis
AUC for Mayo scale was 0.71 vs. 0.85 ELF; for cirrhosis 0.73 vs. 0.85. There have been no
other direct comparison of ELF in the published literature, although indirect comparison was
conducted using different populations where ELF was shown to have comparable AUC value
(0.834+0.037) for the identification of significant fibrosis (METAVIR stages 2-4) with other
pane such as APRI (0.82+0.037, Fibrotest 0.87:£0.034) and Fibrometer 0.89+0.029)"*® . This
comparison has limitations in that it was not conducted in the same population under the same
conditions and using uniform standards of testing. Such a drawback can be addressed by using
a reference population derived from many centres, all of which would have the same
inclusion/exclusion criteria and study methodology in which to directly compare all of the
biomarkers which are currently in the public domain as non-invasive markers of liver fibrosis.
Such an approach is an urgent research imperative for researchers, clinicians and patients
interested in CLD.

As outlined in Chapter 3 there have been external validations in other biomarkers the most
extensive being with APRI and Fibrotest. The comparison of APRI performance with other
biomarkers including those using markers of extra cellular matrix formation and breakdown
(Hepascore; Fibrometer) found comparable performance for significant fibrosis for all

markers'®®

. All of these comparisons have been in CHC and there are few comparisons in
other aetiologies. Most of these individual studies have been conducted in populations <200.
(See Appendix 4 for components of the marker panels).

The performance of ELF in CHC in the external studies was better than the summative values
derived from the APRI SROC analysis, with median AUC for significant fibrosis being 0.85
(range 0.83-0.87) and for cirrhosis 0.89 (range 0.88-0.90). In the CHC external validations of
ELF, the impact of the sensitivity, specificity and predictive values can be modelled in a
theoretical cohort of 1000 patients with hepatitis C in a hospital outpatient setting. Permitting

10% false negative and positive test rates only 23% of patients in a theoretical cohort of 1000
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could not be reliably assigned to severe fibrosis/cirrhosis, 67% correctly avoid biopsy with a

9% false test rate (mostly false positive).

There have been several serum markers suggested in the identification of fibrosis stage in co-
infection'®'7°, A recent comparison of such markers was conducted in a population of 272
patients with HCV-HIC co-infection comparing Fibrotest, SHASTA, Hepascore, Fibrometer,
APRI, Forns index, FIB-4. The panels performed best at identifying cirrhosis, and those that
containing ECM components did better than those with direct liver function markers, although
differences were not significant. Results showed that for significant fibrosis AUC values were
for Fibrometer 0.70 (95% CI 0.64, 0.76); Hepascore (95% CI 0.69 (0.63 0.74); Fibrotest 0.64
(95% C1 0.58, 0.70) and APRI 0.65 (95% CI 0.59, 0.71). Although not in the same population
the diagnostic accuracy of the ELF panel appears to be better in the cohort of co-infection

patients in which it was tested (AUC =0.81 (95% CI 0.73, 0.88)'"".

There are few small studies in PBC using non-invasive markers. AST/ALT ratio as been used
in a retrospective study in 121 patients and the AUC for identifying cirrhosis was 0.87, with
>1.1 threshold sensitivity was 82% specificity 79%' "2. This study was limited by the
haphazard nature of the participants, who were derived from those with availability of paired
biopsy and AST Alt values on patients retrieved from records over a 24 year period and also
of the difficulties in external validity when using local laboratory assays. An HA-Bilirubin
model was constructed in 153 patients undergoing treatment for PBC which had at one
threshold a sensitivity of 64%, a specificity of 74% for the identification of cirrhosis, with
71% of patients being able to be allocated'’>. Three smaller studies evaluated serum markers
of ECM production and found that HA and P3NP were associated with identification of severe
fibrosis/cirrhosis' ™7 . Such early studies on the effectiveness of ELF component markers are
consistent with the performance of ELF in PBC. More recent studies have been conducted on
the performance if transient elastography in patients with PBC. One study in 55 people
showed AUC values of 0.86 (95% CI 0.72-0.94) (for severe fibrosis —Scheuer stages 3-4 and
0.96 (95% CI1 0.87, 0.99) for cirrhosis (Scheuer stage 4)) At a threshold of 14.7 kPa the
sensitivity for detecting severe fibrosis was 56% and specificity 100%'’". Problems associated

with this technology are explored in Chapter 6 but include failure rate of the initial procedure
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often due to obesity. In a study of patients with PBC (n=73) and Primary Sclerosing

Cholangitis (n=28) this failure rate was reported as 6 %'

Performance in external validation cohorts is usually worse than performance in the
population in which the panel/marker was derived. This is because panels are derived and their
performance assessed using analyses that make the model fit the dataset in an optimal way.
Independent datasets will differ in many respects to the original cohort (for example gender,
age, distribution of disease severity aetiology of CLD), and consequently the panel does not fit
this external population as well as that in which it was derived. This usually results in a
reduction of diagnostic accuracy. This was not the case with ELF whose performance was as
good if not better in all external validations. This may be because the original ELF cohort,
being a large multi-centre study was truly representative of general hepatology practice that
was similarly reflected in the external populations. It may reflect the universal biological
applicability of the serum marker components in the fibrotic process or it may be the
consistency of measurement of the components that were assayed using automated processes
in two laboratories (central one for the original cohort and a different laboratory but using the
same sort of analyzer, for all external cohorts). Or finally it may be that the chance differences

that would often arise were favourably distributed —by chance.

ELF performed optimally in NAFLD. This confirms the result in the internal validation set in
the original ELF cohort which found the highest performance in patients with NAFLD and
ALD (although numbers were small). This could be due to the different pathophysiological
process that results in fibrosis in these aetiologies, compared to CHC which has a significant
_inflammatory element. The markers in ELF could play a more important role in NAFLD and
ALD whereas more inflammatory markers could add to the performance of ELF in CHC and

other viral hepatitides. This needs further research elaboration.

There are few recent, good quality studies of the performance of serum markers in ALD. This
may reflect clinical practice in the use of biopsy in patients with ALD, or the difficulties of
recruiting this patient group into studies. Future research recommendations from the work

presented in this thesis include expansion of the literature by conducting larger studies of
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patients with ALD which can directly compare and validate in external populations,
performance of existing markers, the identification of new markers or enhancement of existing

tests to identify any, mild or moderate fibrosis.

There is some debate as to the threshold that should be used in evaluation studies. Each
external study can generate a dataset driven set of thresholds at which sensitivity, specificity
and predictive values within the prevalence of the included populations can be calculated. The
thresholds for optimal discrimination may differ by CLD aetiology and by population. Use of
a single set of thresholds would be desirable in order to be more convenient in the clinical
setting, and to facilitate research using common diagnostic criteria. It may be that thresholds
derived from a large population such as the original ELF cohort give sufficient precision to
allocate patients with acceptable false test rates to broad categories of fibrosis such as any
fibrosis, significant fibrosis or cirrhosis. It may be that different aetiologies such as CHC,
NAFLD and ALD may need to have separately defined thresholds. This has been identified as

a dilemma with other biomarker panels and further research is needed to clarify these issues.

Future research

There are exciting opportunities to carry on this validation research. This includes conducting
a meta-analysis using summative receiver operator characteristic curves for all of the external
validation cohorts using new advanced methods of analysis being developed by the Cochrane
Diagnostic Methodology Committee. Research is needed to evaluate if ELF performance can
be enhanced by the addition of simple markers such as those that measure inflammation (in
CHC-CHB co-infection) or metabolic pathways (NAFLD). Initial work has been conducted
and published using the NAFLD cohorts 1 and 2 producing a model that combined ELF and
simple markers which had a better performance than each alone. This panel needs validation
in an external population. Use of different modalities with ELF such as transient elastography
and microbubble contrast ultrasound may add to their performance, although recent studies
have begun to elaborate the limitations of transient elastography such as difficulty in getting
reliable measurements in the obese and problems of interpretation in those with active

inflammation.
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The cost effectiveness of the use of serum markers in the clinical setting also needs to be
addressed. Economic modelling studies using different panels of markers should be

conducted.

The use of serum markers in clinical practice is not yet endorsed by the National Institute of
Clinical Excellence in England and Wales. There is considerable interest in their utility in
clinical practice by the hepatology/gastroenterology community, and their use is seeping into
routine care of patients with CLD in a haphazard way. This was the pattern observed in France
where a survey of the use in practice by clinicians was conducted prior to national guidance.
Although not a very high response rate (65%), the results of the French survey found that
many physicians had incorporated serum markers into their practice but not in a systematic or
uniform way'”.

Opportunities for longitudinal follow up studies using serum markers exist. In the co-infection
cohort serum were taken at regular intervals during a RCT of Hepatitis C treatment.
Evaluation of treatment outcome and changes in biomarkers including ELF would be a
valuable addition to the evidence on the use of serum markers. In addition a cohort of 267
patients were recruited by the original ELF study, who had quarterly serum markers measured
for 2 years and then had a repeat biopsy at the end of this time. Drop out rates were high (only
84 paired liver biopsies were obtained). However, an analysis using serial ELF values to
evaluate the performance of changes in ELF score over time in the prediction of clinical
outcomes would be of interest. Such longitudinal follow up studies could be extended to
evaluate the role of ELF in prediction of longer term clinical outcomes rather than detection of
fibrosis severity on biopsy -which is itself a surrogate outcome for clinical outcomes. Two

such studies are presented in Chapter 5.

4.5 Conclusion

The ELF panel can be simplified to HA TIMP1 and P3NP without loss of diagnostic
performance. It has been shown to have a good diagnostic profile in 8 external validation
studies in CHC NAFLD PBC and HCV-co-infection. It appears to perform as well as most
published serum markers of liver disease although there are no direct comparison studies. In

CHC patients modeling suggests that ELF may avoid biopsy correctly in 67% of patients with
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9% false test rates and with 77% of the population successfully being given a test result in a
setting where the prevalence of serious fibrosis is ~ 30%). Future research should include
extension of this validation work to ALD cohorts, and to the development of the ELF panel by
addition of simple markers. Research attention should be directed at the establishment of a

large reference population for direct comparison of available non-invasive markers.
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CHAPTER §
PROGNOSTIC PERFORMANCE OF THE EUROPEAN LIVER FIBROSIS (ELF)
PANEL MARKER

5.1 Introduction

Liver fibrosis/cirrhosis is asymptomatic in most people until the disease has progressed to
the end stages of disease, when hepatocellular failure and /or portal hypertension develop.
This may take decades. Consequently ascertainment of liver disease before clinical
symptoms occur is difficult, and prediction of future morbidity and mortality problematic.
The more severe the fibrosis, the more likely the probability of occurrence of a clinical
outcome. Liver fibrosis has been used as a surrogate for clinical outcomes in CLD. The
method by which fibrosis is assessed is by examination of histological specimens of the
liver obtained by biopsy. This provides a flawed reference standard as has been described
in previous chapters. Interest has grown in the last decade in the use of non-invasive
methods to predict clinical outcome in patients with CLD. If such biomarkers could
predict who is more likely to suffer clinical outcomes then this could provide valuable

information to optimise the management of patients with CLD.

In this chapter the prognostic accuracy of ELF panél to predict adverse clinical outcomes is
evaluated in two studies:

(1) a follow-up study of the patients with liver disease recruited to the original ELF cohort
in 1998-2000. The outcome measures used comprised liver related mortality and
decompensated cirrhosis, hepatocellular cancer and all-cause mortality.

(ii) a study which evaluated the performance of ELF in the prediction of clinical outcomes
in a cohort of patients with PBC followed up for up to 10 years.

First the principles of prognostic models and methodological issues of analysis are

discussed.

5.2 Principles of Prognosis

Prognosis is the prediction of the probable course and outcome of a disease. Variables
which are related to the course or outcome may be combined into a prognostic model to
improve prediction.

Assessment of the prognosis is needed for rational decision making about treatment and

management by patient and doctor in addition to providing information to the patient and
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their family regarding prospects for the future. Prognostic models commonly use
regression analyses of baseline characteristics of patients and/or diagnostic tests in defined
populations with well defined outcomes. The ideal prognostic model would be widely
generalisable using accepted diagnostic criteria. Derivation should be in representative,
well described populations, consecutively recruited with adequate sample size allowing for
the number of events and the number of possible variables being considered in the model.
Follow up should be as complete as possible. Variables should be cheap to measure by
easily available means, with a high degree of precision, accuracy, reliability and
reproducibility (see glossary for definitions). Prognostic models are best derived from
studies that fulfill criteria for high quality'® . These are:

e use of an inception cohort (patients assembled at a similar stage of disease),

e description of referral patterns (ways in which patients were recruited into the

study),

e complete follow up achieved,

e use of objective outcome criteria,

e outcome assessment blinded, to choice of model variables,

e adjustment for extraneous prognostic factors carried out.
In clinical medicine a true inception cohort is difficult to assemble, especially in chronic
disease. Patients tend to present to healthcare services in a haphazard manner at varying
stages of illness and comparability of staging is only really possible for acute illness such
as myocardial infarction. In chronic diseases it is possible to gather an inception cohort all

of whom are at the same stage of an incident event such as treatment.

Liver fibrosis due to CLD has an asymptomatic phase making time of onset/stage of
disease difficult to ascertain and assembly of an inception cohort very difficult.
Presentation may be early or late leading to heterogeneity, which may impact on precision
of any model as prognosis in later stages may differ from earlier ones. Many factors may
need to be considered in the prediction of outcome in CLD- for example sociodemographic
(age, gender, ethnicity socio-economic status), clinical (cause of CLD, biopsy stage at
presentation), disease activity (for example inflammation, viral load in CHC or CHB),
presence of other factors that would affect outcome (for example alcohol, obesity), and the
presence of decompensated liver disease. Adjustment for the effect of any effective

therapeutic interventions during the course of CLD is also important. All of these factors
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may interact in a complex way. Outcomes used in published models in CLD have been
death or the first signs of portal hypertension or liver decompensation or HCC or

transplantation.

In most studies Cox’s regression model for censored survival has been the model of
choice. This assumes proportional hazards throughout follow-up time and log-linear
additive effects of the variables. Logistic regression modeling has also been used when the
risk of the event within a defined time interval is of interest. Accelerated failure time
models and neural network systems (requiring large numbers of patients and estimated
variables) have been used. The latter is a “black box™ analysis and does not provide
information on how the variables contribute to the prediction. The number of variables
fitted in the model should not exceed 10% of the number of patients reaching end-points,
i.e. >=10 events per variable. All follow up information can be used in Cox regression
model for time dependent variables. Use of time dependent analysis provides stronger
prognostic information than corresponding time fixed models, is more useful to update

prognosis during follow-up and allows effect of treatment to be taken into account'®!,

5.3 Prognostic models in CLD

Prognostic models in liver disease have most often been used to predict outcome in
cirrhosis, the most widely used ones at present are Child-Turcotte Pugh classification
(CPC)'®, the Model for End-stage Liver Disease (MELD)183 , and the Mayo risk score
(developed for PBC)184 (See Appendix 1). In a systematic review of prognostic indicators
of survival in cirrhosis™ 118 prognostic studies of cirrhosis were included (of which 31
were “good quality” studies but with only one study meeting all quality criteria, and only
17 having validated results). The major methodology problems were reported to be the
inclusion of non-consecutive patients, incomplete reporting of inclusion criteria,
incomplete follow up, and inclusion of patients at different stage of disease. Statistical
methodology limitations were that in the majority of studies the ratio of deaths to number
of variables was <10. Such “over-fitting” of the model may lead to false positive results.
Variability of survival times across studies may be explained by heterogeneity of included
patients who were at different stages of cirrhosis. Notwithstanding these limitations this
review concluded that the most robust predictor of death in cirrhosis is the Child Pugh

score (see Appendix 1 for formula)’.
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Prognostic variables differ depending of the stage of cirrhosis e.g. compensated versus
decompensated. As decompensated cirrhosis becomes worse, parameters assessing
circulatory deterioration become important and other clinical scores which include these
(such as MELD) have an important place at this more severe end of disease. There are

time dependent models for PBC and primary sclerosing cholangitis (PSC).

The variables used in these published prognostic models generally have selected
parameters that are not central to the disease processes —.g. ascites, and bilirubin which
are indirect indicators of hepatic function. There are very few studies of prognosis in pre-
cirrhotic patients. The use of components of extracellular matrix formation and breakdown
may be more direct measures of the fibrotic process and therefore may provide more
accurate information on prognosis across all stages of disease.

The ELF serum markers (which are markers of extracellular matrix formation and
breakdown) are thought to provide more direct information on disease processes, and by
using clinical outcomes rather than results of a liver biopsy, a more accurate prediction of

prognosis may be provided.

5.4 Existing literature of serum markers to predict clinical outcome

A literature review was conducted to evaluate the evidence on serum markers predicting
clinical outcomes. A simple search strategy was used in Medline database searching years
between 1995-2006. The last decade was chosen as previous reviews in chapter 3 suggest
that higher quality larger studies are more likely to be found in this timeframe. All
reference lists of retrieved articles were searched so earlier studies could be identified and
assessed. 3 studies were found'® %7 |

Critical Appraisal of studies

Korner (1996)'® investigated the prognostic value of laminin and HA in 38 patients with
fibrosis (n=4) and established cirrhosis (34) followed up for one year. 16 events were
reported during this time and of these 6 patients died. Laminin (>2.6u/ml) had a sensitivity
of 71% and a specificity of 86% in the prediction of liver related outcomes, HA
(>200ng/ml) had a sensitivity 90% and specificity 67%; and both had a Relative Risk of
2.7 for the development of clinical outcomes. This was a small study, the selection of
included patients was not described and AUC values were not reported.

Guechot (2000)'*® conducted a study to evaluate the prognostic value of HA in 91 patients

from one centre with CHC who had biopsy proven cirrhosis with no decompensation

138




events. The outcomes used were decompensated cirrhosis and liver related death. Median
follow up time was 38 months with 24 events, 14 of which were fatal. Hazard ratios (HR)
were derived from Cox proportional hazards analysis. Multivariate analysis showed 4
biomarkers were independently predictive of liver related events — (i) HA >350mcg (HR
3.5(1.4-8.4)); (ii) bilirubin >18 mmol/l (HR 2.6 (1.03-6.6)); (iii) albumin <36g/l (HR 2.6
(1.04, 6.3)) ;(iv) PT <63% (HR 2.5(1.05, 6.1)). Ngo (2000)'*” This was a study from a
single centre evaluating the prognostic performance of Fibrotest in 537 patients with CHC
recruited over 5 years. 243 were followed up for 5 years. Outcomes were liver related
mortality/decompensated liver disease, and all-cause mortality. There were 49 events (9
liver related deaths, 11 non liver-related deaths, 20 non fatal liver events). Loss to follow
up was 48% at 5 years even for ACM. The AUC at 5 years for Fibrotest predicting liver
related outcomes was 0.96 (0.93, 0.97), and the AUC at 5 years for Fibrotest predicting all-
cause mortality (ACM) was 0.76 (0.63.0.84). Results for biopsy in prediction of liver-
related outcomes was AUC of 0.91 (0.85 0.94) and all-cause mortality 0.66 (0.52, 0.78).
Crude Kaplan Meier survival analysis showed a difference between severe fibrosis and all
other fibrosis. Using Cox Proportional Hazard model adjusted for histology, anti-viral
treatment, alcohol consumption and HIV infection, the hazard ratio for Fibrotest predicting
survival with no liver related outcome was 7.31( 2.71,25.44) and for biopsy the hazard
ratio was 1.84 (1.16,2.91). In the prediction of all cause mortality the adjusted HR for
Fibrotest was 2.27 (1.40, 3.66) and for biopsy 1.10 (0.69 1.74). There was no flow chart to
show the follow up status of the patients and how successful the strategies outlined in the
methods section had been in determining outcomes in those lost to follow up.

No novel predictive models were reported in these studies.

Conclusion of literature search

There is scant literature on the performance of serum markers in predicting clinical
outcomes, and only one in the last 5 years. There were 2 small studies in patients with
cirrhosis, largely conducted in patients with CHC. Nevertheless Fibrotest did show
promising performance in the prediction of clinical outcomes though missing data is a
problem in this study. The studies on ELF will add to the body of evidence using (i) a large
cohort of patients with mixed aetiology CLD (Study 1) (ii) a cohort of patients with PBC
(Study 2).
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5.5 The performance of ELF serum marker panel in predicting clinical outcomes in a

cohort of patients with mixed aetiology CLD (STUDY 1)

5.5.1 Aim of the study
1. To evaluate the prognostic performance of the ELF panel and to compare it to biopsy in
predicting:
(i) Liver-related outcomes (Primary outcome)
(ii) All-cause mortality (Secondary outcome)
2. To determine if there are alternative biomarkers or combinations of biomarkers that may

predict clinical outcomes in a mixed aetiology CLD cohort.

5.5.2 Methods

As described in Chapter 4, the simplified panel of ELF is used in the prognostic study. This
is particular important in that it permits age to be adjusted for in statistical analyses.

Data collection

13 centres participated in the original ELF study recruiting 1,126 patients, of which 922
were included in the cross sectional diagnostic study (see chapter 4). The original principal
investigators for each centre were contacted to get their agreement to the follow-up study,
and an individual staff member was identified in each centre to help with medical note
retrieval and administration of the study. Ethical permission to follow up the patients for
mortality and morbidity via medical case note analysis was granted by MREC South West
(MREC/98/6/08). In each centre local procedures for R&D were established and followed.
There was no centrally held patient list. Anonymised lists were held by each centre and
following a protocol resulting from a pilot study in Southampton, the archive of original
ELF study was located and the patient list re-assembled and medical notes of participants
retrieved. Data collection forms were constructed (see Appendix 7) and modified following
the Southampton pilot. Personal face-to-face contact was made with each centre principal
investigator to discuss the study protocol and formulate a study process acceptable to each
centre. Key personnel were identified with the principal investigator, and visits to each
centre in England and two in continental Europe were arranged by direct liaison with this
key person. For the larger centres data extraction was performed with support from a
senior research nurse with hepatology training (CG) and a medical student doing a BSc in

the department (MW). Standardisation of data collection was achieved using the same data
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collection forms which incorporated definitions of outcomes. For three centres in
Continental Europe a named clinical person was delegated to the study and extracted data
using study data collection forms. Close liaison was maintained with these persons via
telephone and email communications.

Clinical data were collected on the date of first clinical outcome/transplant/ and (if
occurred) death. Clinical outcome were defined as death (liver related and non-liver related
death), any episodes of decompensated cirrhosis post-recruitment (ascites-defined by
paracentesis, ultrasound, or clinically), encephalopathy (defined clinically) oesophageal
variceal haemorrhage (defined clinically and with endoscopy), acute alcoholic hepatitis on
background of biopsy proven cirrhosis (defined clinically), liver transplantation, and
hepatocellular carcinoma (HCC)). There was standardisation in terms of collection of data
on required test procedures, with the case definitions being those used in standard clinical
practice.

Any further biopsy evidence of cirrhosis since the original ELF study ended was noted.
Date last known alive and loss to follow up from hepatology centre were collected. Dates
and details of any treatment and the outcome of that treatment that may have affected
prognosis (e.g. response to treatment with anti-viral therapy for Hepatitis B and C, patients
with auto immune hepatitis on steroids /immunosuppression, loss of weight for NAFLD,
abstinence for ALD) were collected. In England data were collected independently by
three observers in the larger centres. Data collection and analysis were conducted by

individuals blinded to test results.

Follow up in England and Continental Europe

It was important to minimise the lost to follow up in the cohort and to obtain as complete
as possible ascertainment of mortality and liver related outcomes, in order to minimise the
potential for selection bias (differences in associations of those lost to follow up vs. those
studied), and to increase the power with information from as many patients as possible to
be included in the analysis. Methods used to do this differed in England and Continental
Europe.

(i) England

Mortality in the patients in England was ascertained using the national systems of patient
tracing and follow up (National Strategic Tracing Service). All death certificates were
obtained from the Family Records Office or local Register Offices. For those patients who

were lost to follow up or discharged from care from the original recruiting centre in
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England, MREC approval was gained to contact the last recorded General Practitioner in
order to ascertain when the patient was last known to be alive and to determine if there had
been any clinical hepatic decompensation. A short questionnaire was constructed to collect
these data (Appendix 8). In order to maximize response to the questionnaire a second
letter requesting information was sent out to Primary Care to those GPs who had not
responded to the first letter.

(i) Continental Europe

In 3 out of 4 centres in Continental Europe it was not possible to ascertain mortality of
those patients who had been lost to follow up as there were no processes which allowed
national flagging of deaths. Such a process is possible in Sweden but these data are
pending and have not been included in this thesis. Mortality and cause of death of those
who remained under the care of the recruiting centre, and the date last known alive were
ascertained. Clinical decompensation events were ascertained in those patients who
remained under the care of the recruiting centre. One centre contacted the General
Practitioner recorded in the clinical records of those discharged to ascertain any clinical
events. The decompensation events in those lost to follow up in centres in Continental

Europe could not be ascertained.

Statistical methods

Medians with inter-quartile ranges (IQR) were used to describe continuous variables, and
mean values are presented with standard deviation. Comparison between medians was
made using Mann Whitney or Kruswal Wallis statistics. Survival analysis to derive
cumulative probability of survival was conducted using Kaplan Meier curves with ELF
score divided into tertiles, and biopsy into three groups (nil/mild; moderate; and
severe/cirrhosis). The ELF score was divided into tertiles. The method of deriving tertiles
can be (1) by having equal numbers of patients per tertile or (ii) having equal ranges of
score per tertile. This latter method was chosen as the former is dataset specific and it is
likely that in the wider clinical context the latter method would be more generalisable and
appropriate. The number of events and persons in each tertile were assessed. The greatest
number of people and greatest number of events were found in the middle tertile. This
middle tertile was then divided into two groups by score, to evaluate whether this further

division of ELF score could result in more precise prediction by score.
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Adjusted hazard ratios (HR) of the association of ELF with risks of liver-related outcomes
were derived for ELF and biopsy using Cox proportional hazards model. Variables chosen
for adjustment in this analysis were chosen a priori from knowledge of factors associated
with possible liver fibrosis development and progression. They included age, sex, alcohol
consumption, treatment response, and smoking. Other terms were added from results of
data analysis. The proportional hazards assumption was checked using log minus log
graphics (SPSS version 14, SPSS Inc Chicago 1llinois) and Schoenfeld residuals in
STATA (version 9). Linearity of ELF was assessed by testing if a quadratic expression was
required, and by fitting ELF as categorical and continuous predictors with the categorical
having no significant improvement over the simple linear term. Logistic regression at a
time-specific point was used to provide adjusted odds ratio of unit increase in ELF
predicting liver-related outcomes and all-cause mortality adjusting for factors associated
with liver outcomes such as age, gender, aetiology of CLD, smoking and alcohol
consumption. Those persons who did not reach the stated time point and who did not have

an event were excluded from the analysis.

The development of a model that may best predict liver related outcomes using available
variables of serum markers and simple blood tests was conducted using methods described
by Collett ', This is a model building method that uses all available information and
requires three stages. The first step was a sequential approach with each of the nine serum
markers and eight simple markers (having sufficient values to make numbers in the
analysis meaningful) being added on their own into a logistic regression predicting
clinical outcome. Those with a significance level <0.1 were noted. Subsequent analyses
included those variables whose p value was <0.1. The second step was to derive a
parsimonious set of markers having entered all of the markers which reached <0.1
signfdicance on the first step, using the backward elimination (retention threshold
p=<0.05). The final step is to add in separately to the final model those markers that did
not reach p=<0.1 at the first step, to evaluate their impact on the model. ROC curves were
plotted for ELF, biopsy and the new model. As standard methods do not exist for deriving
ROC curves for time to event data, occurrence of event as compared to non-occurrence of
events within 6 years was used as the outcome for these analyses. The Hosmer Lemeshow
statistic was used to show the goodness of fit of models to the data. ROC curves were

compared using the Hanley MacNeil method (Stata 9 package).
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The reliability of ELF score was evaluated by calculating an intra-class correlation (ICC).
This is a measure of the correlation, consistency or conformity for a data set when it has
multiple groups. It is the ratio of between-groups variance to total variance. Serum marker
scores were available in a subset of 84 patients from the original cohort who had agreed to
have repeat serum marker measures over 2 years, and who had baseline and 3 month
values. ICC values were derived for each of the serum markers in ELF, and for the ELF
score itself. A value of 1 being indicative of complete reliability which is when there is no
measurement error and the proportion of the total variability is explained by between-
subjects and not within-subject variability. If the serum markers variability produced an
ICC of 0 then most of the variability would be explained by differences within subject.

ICC was estimated using a two way random effects model.

5.5.3 Results
In order to compare centres in Continental Europe and centres in England, data are

presented separately.

Baseline Data characteristics

998 of the 1,126 patients had data on all nine serum markers and 904 patients from 11
centres had available follow up data and were included in this prognostic study. Recruited
patients excluded from the published diagnostic study largely had uninterpretable or
missing biopsy, or missing serum marker values. Data were obtained in 7 centres in
England and 4 centres in Europe. Baseline characteristics of the cohort are presented in
Table 5.1. The characteristics are similar between English and European centres. Most of
the patients in all centres had CHC but there was little ALD in the patients recruited in the
continental European centres. More patients in England had self-reported moderate / heavy
alcohol consumption (21% vs. 7%) and more were current smokers (49% vs. 37%). The
majority of the patients in all centres were white (96%). The proportion of patients with

serious fibrosis/cirrhosis on biopsy was similar in England and Europe (26% and 27%)).

In order to check how close the cohort is to an inception cohort, information on how long
the participants had been under hepatology care before recruitment was collected in one
centre (n=102). The mean time was 0.3 years implying that in this centre most of the

patients could be regarded as being part of an inception cohort.

144



Table 5.1 Baseline characteristics of cohort

England Europe Complete
(498) (500) cohort
(998)
Median age (IQR) 43 (17) 44 (21) 43 (19)
% male 66 61 63
Main Aetiology*
HCV 210 (42) 236 (47) 443 (44)
ALD 88 (18) 6 (1) 94 (9)
NAFLD 44 (9) 26 (6) 73 (7)
PBC 31 (6) 15(11) 46 (5)
AIH 28 (6) 30 (6) 60 (7)
PSC 12 (2 10 (2) 22 (2)
HBV 30 (6) 27 (5) 57 (6)
HHC 14 (3 12 (2) 26 (3)
Other 42 (8) 74 (7)
Alcohol (self reported)
Abstinent | 168 (34) 277 (56) 445 (45)
Light 223 (45) 187 (38) 410 (41)
Moderate 60 (12) 30 (6) 90 (9)
Heavy 46 (9) 3 () 49 (5)
Missing
Smoking status n
Never 178 (36) 208 (42) 386 (39)
Past 75 (15) 84 (17) 159 (16)
Present 245 (49) 183 37) 427 (43)
Missing
Ethnicity
White 475 (95) 488 (97) 962 (96)
Asian 11 (2 4 (D 15 (2)
Black 5 (1) 4 (1) 9 (1)
Other 8 (2 4 (1) 12 (1)
Liver fibrosis 457 (92) 471 (94) 928 (93)
(Ishak score)
‘ 0 119 (26) 110 (23) 229 (25)
1 108 (24) 89 (19) 197 (21)
2 59 (13) 77 (16) 136 (15)
3 52 (11) 65 (14) 117 (13)
4 45 (10) 39 (8) 84 (9)
5 19 (4) 39 (8) 58 (6)
6 55(12) 52 (11) 107 (12)

Transplant pre study 41 (8%) -allocated aetiology of pre transplant pathology; 4% remained unknown aetiology
*derived from information collected from clinical records where possible.
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As the outcome measures were clinical outcomes and not histology, additional patients

were included in the prognostic study above those who had been originally recruited to

diagnostic study. These patients had been excluded due to absence/inadequacy of liver

biopsy. Table 5.2 shows the baseline characteristics of these additional patients. They were

similar except that the additional patients have a higher proportion of ALD than in the

diagnostic study.

Table 5.2 Baseline characteristics of patients in prognostic but not in original

diagnostic study
Characteristic ELF diagnostic Prognostic Patients in
n=922 n=998 prognostic study

not in diagnostic
study n=76

Age yr (range) 43 (19-75) 43 (19-75) 47 (21-70)

% male 63 63 67

HCV (%) 47 50 36

ALD (%) 6 10 20

NAFLD (%) 10 8 5

PBC (%) 6 5 7

Other (%) 31 27 32

Mean Baseline -1.29 (1.54) -1.26 (1.54) -0.89 (1.64)

ELF (SD)

Follow-up of patients

Figures 5.1 to 5.3 show the follow up status of recruited patients of those who had not had

an event in England and Europe centres. The median follow-up time (time between last

known alive and recruitment in those patients with no events) in England was 6.87 years

(IQR 1.85) and Europe 6.6 (5.4) with distribution of loss to follow up in Europe being

skewed with large loss to follow from the recruiting centre at 4 years.
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Figure 5.1 Follow up times in England and Europe
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The follow up times (difference in years between last known alive and date recruited to study in
those patients who did not have clinical events) in England centres and European centres. The
Sollow up time was longer in England (mean 6.2 years (SD 2.17) vs. 5.1 years (SD 3.0)) with
many of those lost to follow up in Europe centres occurring soon after recruiiment)
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Figure 5.2 Flow diagram of the follow up and outcomes in England Centres
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Flow diagram showing the follow up and outcomes for England centres (n=498) *5 people had a
liver related decompensation before death by non-liver cause **emigration (3), no/erroneous GP
details available (4) or discharged with LKA within last 12 months so no GP questionnaire sent)

The lost to follow up rate from original recruiting centre was 42% (29% did not attend
appointments and were therefore lost to recruiting centre, and 13% being discharged from
the recruiting centre). Of the questionnaires sent to GPs for 199 patients to determine
outcomes in those lost to follow-up or discharged by the recruiting centres the response
rate was 86% (n=173), with only one reporting a clinical decompensation event.
Ascertainment of clinical status and outcome was therefore possible in 92% of patients and
all outcome data are presented as a proportion of the inception cohort.

In the centres in England, the overall mortality rate in those patient recruited to this study
was 15% (n=73), of which 44 (60%) were liver related, defined as any mention of liver
disease on Part 1 on the death certificate. There were 67 liver—related outcomes (liver-

related deaths or hepatic decompensation). In the centres in Continental Europe the overall

148



mortality rate was 2.5% (n=10) with 30 liver-related outcomes. 56% (n=224) of patients

were lost to follow up and 4% (n=14) were discharged. There were more transplants

performed in Europe compared to England (n=11 vs. n=6).

Figure 5.3 Flow diagram of the follow up and outcomes in Continental European
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Flow diagram showing the follow up and outcomes for European centres (n=404). Non
attendance at recruiting centres was high (56%)

There was a large loss to follow up in the European centres (60%). This compromised the

validity of survival analyses as there was no information on clinical outcomes and

mortality in these patients. Whilst the prevalence of severe fibrosis (Ishak stages 4-6) was

similar in Europe and England, the mortality rate was different (between the English and

European centres (15% vs. 2.5%) and there were 30 (7%) liver related outcomes compared

to 67 (13%) in England centres. It is therefore likely that there are many deaths/liver

related outcomes that have not been ascertained. Consequently further analyses are

presented using only the England centres (n=498), where data were robust and more

complete. The data collected from continental Europe, and a sensitivity analysis in which

the whole cohort (including the European centres n=902) are reported in Appendix 6.
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Baseline investigations in 7 centres in England

All 498 patients had all values for nine serum markers involved in extracellular matrix

formation and breakdown. 457/498 patients had a biopsy that could be interpreted (92%).

The proportion of serious fibrosis/cirrhosis in each centre (Ishak 4-6) ranged from 20-34%

(median 26%). The majority of patients in each centre had nil/mild fibrosis on histology

obtained via biopsy (table 5.3).

Most patients had routine liver function tests although 53% only had AST values, and few

had gamma globulin values.

Table 5.3 Severity of liver fibrosis on biopsy (Ishak) by centre (England)

Centre Baseline Fibrosis Score (Ishak) n (%) Total
0 1 2 3 4 5 6
1 22 (23) 24 (26) 16 (17) 9(10) 9 (10) 2(2) 11(12) | 93(100)
2 29 (24) 31 (26) 14 (12) 14 (12) 11(9) 6 (5) 16 (13) | 121(100)
3 17 (24) 19 (27) 13 (18) g§(11) 5(7) 3 (4) 6(9) | 71(100)
4 13 (34) 7(18) 2(5) 3 (8) 5(13) 2 (5) 6 (16) | 38 (100)
5 13 (26) 10 (20) 6 (12) 7(14) 7 (14) 2(4) 5(10) | 50(100)
6 24 (31) 17 (22) 7(9) 11 (14) 7(9) 34) 9(12) | 78 (100)
7 1(17) 0 (0) 1(17) 0(0) 1(17) 1(17) 2 (33) 6 (100)
Total | 119 (26) 108(24) 59(13) 52 (11) 45(10) 19 (4) 55(12) | 457(100)

The mean and median values for ELF are presented by age, aetiology of CLD and gender

(Table 5.4).

Table 5.4 Available routine blood tests England (total n=498)

Number Mean (SD) Median ( IQR)

tests
HA 498 150 (25.6) 38 (19, 83)
P3NP 498 7.43 (0.43) 4.8 4, 8)
TIMP1 498 772 (20.3) 663 (520, 848)
Laminin 498 24 (2.5) 15 (9,23)
MMP2 498 652 (12.7) 597 (466, 750)
MMP9_timp 498 545 (12.3) 491 (360, 658)
Tenascin 498 458 (14.3) 384 (258, 567)
Coll IV 498 184 (7.1) 141 (112,192
Coll VI 498 5.1 (0.12) 4.5 (3.5,6.0)
INR 489 1.0 (0.23) 1.0 (0.9, 1.1)
Creat pm/| 483 89 (18.9) 87 (77, 98)
ALT i/l 460 80 (123.3) 47 (29,97
GGT iyl 417 156 (276.8) 63 (31, 133)
AST ip/l 263 66  (98.6) 45 30,71)
Y Globulin g/dl 38 32 (6.4) 32 (29, 36)
Albumin g/l 489 43 (6.6) 44 (40, 46)
Bilirubin pm/| 487 30 (71.9) 10 (7,19
Alkaline Phosphatase ip/l | 488 141  (126.6) 99 (75,178)
Platelets 10°/] 488 229 (69.7) 242 (175,274)
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There was variation in availability of the simple blood tests (e.g. ALT 92%; AST -53%; vy
Globulin 8%). The distributions of the serum markers were positively skewed. The routine
liver function tests (AST, ALT, GGT) all have median values that were above the upper
limit of normal, whereas the median values of platelets, bilirubin, alkaline phosphatase and
albumin were within normal ranges.

There was a significant difference between the median value of ELF in patients with ALD
as compared to all other disease categories; (p=<0.0001) (Table 5.5; Figure 5.4). No ofher
differences between other disease categories reached statistical significance. There was no
significant difference between medians of ELF between genders. There was a significant
difference between the age categories with means of ELF increasing with age category
(Jonckheere Terpstra test).

Figure 5.4 Box plots of ELF by age, aetiology of CLD, sex and response to treatment
(England)
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Box plots showing median and quartile values for ELF by gender, aetiology of CLD, age group
categories and response to treatment. *Responders to treatment defined as those with SVR in
CHC, sero-conversion in CHB and use of steroid/azathiaprine >3 months in AIH compared to
non responders & not treated in the rest of population.
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Table 5.5 Median values of ELF for gender, CLD aetiology, age group, responder to
treatment for centres in England

Median Inter quartile
range(range)
Gender Male 8.56 1.52 (4.16-15.78)
Female 8.68 2.37 (5.66-16.67)
Aetiology CLD CHC 8.24 1.26 (5.88-12.83)
ALD 9.91 2.78 (6.95-16.67)
NAFLD 8.48 1.34 (7.16-10.84)
PBC,PSC,ATH 8.81 2.49 (5.84-13.31)
others 8.48 1.73 (4.16-14.89)
Age group (years) 19-34 8.14 1.24 (5.88-13.06)
35-44 8.41 1.84 (4.16-14.89)
45-54 8.93 1.60 (5.66-14.37)
55-64 9.12 2.38 (5.84-16.67)
>65 9.77 2.82 (7.01-13.31)
Responder to No/no treatment | 8.61 1.79 (4.16-16.67)
treatment responder 8.56 1.91 (6.20-13.31)
Repeatability
ELF

Key laboratory properties of HA, P3NP and TIMP1 such as linearity and inter-assay
variation are presented in Appendix 6. There are no data that allow repeatability analysis
of the individual makers in ELF and also of ELF panel itself. Data are available on
baseline and 3 months in 75 patients from the longitudinal study. The intra-class
correlations are presented in Table 5.6. The repeatability was good for ELF and all single
markers. Ideally repeat measures separated by a shorter interval, for example <1 week,
would provide a truer test, as the presented intra-class correlations may not reflect the true
repeatability as the fibrotic process may have progressed/regressed in the time interval
between samples. Nevertheless this is the only information available and indicates that
ELF is reliable. If ELF did vary day-to-day then this would blunt associations and results
would move towards the null.

Table 5.6 Intra-class correlation for ELF panel and individual biomarkers

Intra-class 95% Confidence Interval
Correlation
ELF2 0.78 0.65 0.86
Ln HA 0.79 0.67 0.87
Ln TIMP1 0.76 0.63 0.85
Ln P3NP 0.67 0.49 0.79
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Histology

Repeatability of histology was evaluated in the original diagnostic study. Three
pathologists blinded to results staged the histology on 620 of the biopsies from the cohort.
Inter-observer reliability between pathologists varied (kappa scores of 0.97 and 0.5). Intra-

observer reliability for one pathologist was very good (kappa = 0.93 95% CI 0.91, 0.96).

Clinical outcomes for England

The all-cause mortality did not vary substantially by centre (Table 5.7).

Centre 7 joined the study later than other centres and recruited many fewer patients which
may account for the lower crude mortality. The median age of death was 47 yrs (30-73)
and 73% were in males (n=50). The median age of liver-related outcomes was 47 yrs (28-

72) with 66% in males (n=44).

Table 5.7 Liver related outcomes and All cause mortality by centre (England) n (%)

Centre Number Liver related All cause mortality
recruited outcomes (n) (%) n (%)
(n)
1 102 13 (19) 13 (13)
2 125 22 (33) 16 (13)
3 79 9 (13) 13 (17)
4 45 6 (9 6 (13)
5 52 5 () 8 (15)
6 89 11 (16) 16 (18)
7 6 1 (2) 1 (17)
Total 498 67 (100) 73 (100)
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Deaths occurred throughout the period of follow up with a peak in 2004 (figure 5.5).

Figure 5.5 Number of deaths by calendar year (England)
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Number of deaths in patients recruited in centres in England by year of death, showing that
deaths occurred throughout the period of follow-up.

Table 5.8 shows the clinical outcomes by liver disease aetiology. Almost half of the deaths
were in patients who had ALD (48%) and 27% were in patients with CHC. Similarly most
(54%) of the liver-related outcomes were in those with ALD. 61% of liver related deaths
were in patients with ALD. Prognosis varies by aetiology of CLD, with those patients with
ALD having higher than expected incidence of clinical events (observed/expected for ALD
for liver related outcomes = 5.4 compared to CHC observed /expected = 0.4 and NAFLD
observed /expected = 0.2 See Appendix 6 for detailed analysis Tables 1a-2). Aetiology of
CLD should therefore be taken into account in appraising the prognostic performance of
markers.

Table 5.8 Deaths and liver related clinical outcomes by baseline liver disease aetiology
(ENGLAND) n (row % within mortality group)

HCV | ALD | NAFLD | HBV |PBC | PSC | AIH | Other | Total
Liver 13 36 1(2) AN B (L365) Hate) -2 67
related (19) | (54) (100)
outcomes
ACM 20 35 2 (3) 34) [3@&) |5(7) [3M4) |23) 73

(27) (48) (100)
Liver QY | 2 0 (0) LR 1(3) (2(5) 1) |1@) 44
related (61) (100)
mortality
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37 % of HCV deaths were liver related; 77% ALD death were liver related; none of
NAFLD 40% PBC all of HBV The cause of death (derived from the death certificate) by

CLD aetiology is reported in Table 5.9. In those patients with CHC the non-liver related

deaths included suicides, accidents and overdoses. Those with ALLD were mostly cancer

related. There were 4 cardiovascular deaths, only one of which was in the NAFLD group

of patients. All deaths in patients with HBV were liver related.

Table 5.9 Causes of death from death certificate by aetiology of CLD

Aetiology of CLLD

Causes of death

HCV

9 liver related deaths

2 suicides

2 overdoses

1 misadventure (pneumonia)
1 accident

1 SBE

1 peritonitis due to ruptured appendix
1 small bowel obstruction

2 metastatic cancer ?primary
1 myocardial infarction
Total 20

ALD

27 Liver Related death
3 Primary Cancer

2 Metastatic cancer

1 Renal failure

1 CVA

1 Open verdict

Total 35

NAFLD

1 CHD
1 COAD
Total 2

PBC

1 liver related death
1 cancer

1 cardiac failure
Total 3

PSC

2 Liver Related death
1 Cancer

1 pancreatitis

1 MI

Total 5

HBV

3 Liver Related death
Total 3

AIH

1 Liver Related death
Lymphoma

AML

Total 3

Other

1 Liver Related death
1 Pulmonary hypertension
Total 2
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Survival Analysis

The number of clinical events per ELF tertile and for each biopsy stage is reported in table
10. Most of the events occur in the middle ELF tertile, but the greatest proportion of events
per person occurs in the highest tertile (15/18-83%). A similar pattern was observed in the

biopsy stage 6 (30/55-55%).

Table 5.10a Number of clinical events per ELF tertile

ELF tertile | 1 (lowest) 2 3 (highest)
No No No No events | No No
people | events | people people events
LRO 203 4 277 48 18 15
ACM 203 4 277 52 18 14

Table 5.10b Number of clinical events per Biopsy stage (Ishak)

Biopsy | 0 1 2 3 4 5 6
stage
(Ishak)

n evnt | n evnt | n evnt | n evit | n evnt | n evnt | n evnt
LRO 119 | 3 108 | 4 59 |1 52| 8 45| 6 196 55 |30
ACM 119 | 10 108 | 7 5911 5218 45| 7 19 | 7 55 | 24

LRO Liver Related Outcome ACM All Cause Mortality evnt=clinical event

Figures 5.6a and 5.6b are Kaplan Meier curves showing the cumulative probability of
survival from liver related death or hepatic decompensation (primary outcome) and all-
cause mortality (secondary outcome) with tertiles of ELF representing low, medium, and
high scores of ELF.

Crude unadjusted analyses by Kaplan Meier plots showed that tertiles of baseline ELF
score can predict liver outcomes and all-cause mortality, with those people having ELF
scores in the highest tertile at baseline being significantly more likely to have clinical
outcomes than those in the middle tertile, who in turn were more likely to have outcomes

than those with the lowest tertile score (log rank test (Mantel-Cox) p= <0.001)
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Figure 5.6a Kaplan Meier curve of survival from liver related outcomes for ELF
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ELF into tertiles by score
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3.0 ELF score 12.52-16.67 i

Figure 5.6b Kaplan Meier curve of survival from all cause mortality for ELF
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ELF into tertiles by score
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3.0 ELF score 12.52-16.67 —

Kaplan Meir survival curves of liver related outcomes and all-cause mortality by tertile of ELF
showing that survival is better in lowest ELF tertile and worst in highest.
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Histology was also predictive of outcome when classed as mild, moderate or severe
fibrosis (figures 5.7a and 5.7b). Differences between tertiles are signiticant p=>0.0001 Log
Rank (Mantel-Cox) bottom tertile compared to 3" and bottom compared to middle tertile.

Figure 5.7a Kaplan Meier curve of survival from liver-related outcomes for histology
(Ishak)

Histology (Ishak) Mild (Stages 0,1) Moderate (Stages 2,3) Severe (Stages 4-6)

Cum oo HH Stages 0,1 —
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e Stages 2,3 —
3 Stages 4-6 —

Time (years)

Figure 5.7b Kaplan Meier curve of survival from all-cause mortality for histology
(Ishak)
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Kaplan Meir survival curves of liver related outcomes and all-cause mortality by category of
histology showing that survival is better in mildest disease group and worst in most severe
disease.
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When the middle tertile of ELF is divided by 2 by score, the number of people per tertile

and clinical events are more evenly distributed as in table 5.11.

Table 5.11 ELF panel divided into 4 groups (middle tertile divided into two by score)

1 2 3 4

4.16-8.33 8.33-10.425 10.426-12.51 12.51-16.67

No No No No No No No No

people | events | people | events | people | events | people | events
LRO 203 3 220 24 57 25 18 1:5
ACM | 203 4 220 32 i 23 18 14

Kaplan Meier survival curves for ELF divided into these four tertiles are presented in
figures 5.8a and 5.8b.

Figure 5.8a Kaplan Meier curve of survival to 8 years from liver related outcomes for
ELF (middle tertile divided by 2)

. N\_—_I_

o - | 1 .0 ELF score 4.16—8.33
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Kaplan Meir survival curves of liver related outcomes and all-cause mortality by group of ELF
(Gp 1 lowest tertile; Gp 2 and 3 middle tertile divided into two by score; Gp 4 highest tertile)
showing that survival from liver —related outcomes was better in lowest ELF tertile and worst in
highest and that dividing the middle tertile can differentiate persons who survive longer time.
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Figure 5.8b Kaplan Meier curve of survival to 8 years from all-cause mortality for
ELF (middle tertile divided by 2)
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Kaplan Meir survival curves of liver related outcomes and all-cause mortality by group of ELF
(Gp 1 lowest tertile; Gp 2 and 3 middle tertile divided into two by score; Gp 4 highest tertile)
showing that survival from all-cause mortality was better in lowest ELF tertile and worst in
highest and that dividing the middle tertile can differentiate persons who survive longer time.

Crude unadjusted analyses by Kaplan Meier plots showed that baseline ELF divided into 4
tertiles by score as shown, can predict liver outcomes and all-cause mortality, with those
people having ELF scores in the highest tertile at baseline being significantly more likely
to have had clinical outcomes than those in the second tertile, who in turn were more
likely to have had outcomes than those with the third tertile score, and those in the lowest

tertile most likely to have had clinical outcomes (log rank test (Mantel-Cox) p= <0.001).

Cox Proportional Hazards model

Proportional hazards assumption was checked and found to apply for tertiles of ELF.
Multivariable hazard ratios for liver related outcomes adjusted for age, gender, baseline
self-reported alcohol consumption and smoking status (derived from a priori based on prior
knowledge of risk factors for progression) in patients with low intermediate and high ELF
scores are presented in Table 5.12. Aetiology of CLD and centre were added as prognosis
was found to vary with aetiology (patients with ALD having worse prognosis than other

aetiologies) and centre of recruitment (see Appendix 6 Tables 1-3). The fully adjusted -
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hazard ratios for the highest ELF scores for liver related and all-cause mortality were 68.0

and 76.2 relative to the lowest tertile, and 9 and 7 for the middle tertile relative to lowest

tertile.

This suggests that the hazard/risk of developing a liver-related outcome in the highest

tertile of ELF score (12.52-16.67) is over sixty times that of patients who have an ELF

score in the lowest tertile (4.16-8.33), and that of those patients in the middle tertile (8.34-

12.51) nine times that of those in the lowest tertile.

Table 5.12 Hazard ratios for ELF tertiles in predicting risk of liver-related outcomes and all-
in patients with CLLD (Cox Proportional Hazards)

cause mortali

ELF Crude Age Sex Age sex alc Age sex
tertile/cont smoking aet smoking alc
responder responder
centre centre biopsy
(Cat)
LRO
Low 1.00 1.00 1.00 1.00
(ref group) (ref group) (ref group) (ref group)
Intermediate 12.9 11.4 9.1 4.9 (1.1,22.0)
(4.041.3) (3.5,36.7) (2.8, 30.0)
High 133 136.4 68 30.7
(38.3,461.1) (38.2,487.0) | (17.0,273.0) (5.5,173.0)
Continuous 2.01 2.1 1.87 1.67
(1.82.2) (1.86,2.37) 1.62,2.16) (1.38,2.03)
ACM Low 1.00 1.00 1.00 1.00
(ref group) (ref group) (ref group) (ref group)
Intermediate 11.06 8.5(3.1,23.7) 7.2 (2.5,20.3) 4.74
(4.0,30.5) (1.6,14.0)
High 86.03 75.7 76.2 28.0
(28.2,262.4) (24.2,237.1) (20.7,280.3) 6.9,113.8)
Continuous 1.65 1.64 1.7 (1.45,1.90) | 1.5
(1.51,1.80) (1.5,1.80) (1.27,1.79)

Using the ELF score as a continuous variable in a Cox proportional hazards model results

in a fully adjusted Hazard Ratio (HR) of 1.87 Adjusting for biopsy the HR became 1.7,

indicating that ELF has something additional to biopsy to offer in the prediction of liver

related outcomes.

As the test for trend across age categories was significant (Jonckheere Terpstra), an

interactive term for age and ELF was added to the analysis and found to be non-significant.

When those patients with ALD were excluded from the survival analysis the ELF tertiles

are still able to detect those people who were at risk of developing liver related outcomes

and differences between tertiles remained significant. In a Cox Proportional Hazards model
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the HR for ELF was increased to 3.5, suggesting that for those patients who had an
aetiology other than ALD the risk of outcome tripled with a unit change in ELF.

Prognostic accuracy of ELF in prediction of clinical outcomes

ROC curves were plotted to evaluate the diagnostic performance of ELF and biopsy in

predicting clinical outcomes. As standard models do not exist for deriving ROC curves for

time to event data, event versus no event within a specified time was used. The time

selected was 6 years as the number of events and persons remaining in the analysis were

maximized at this time (see table 5.13). ELF panel and biopsy are compared and ROC

curve presented in Figure 5.9.

Table 5.13 Clinical events and censoring by year of follow up (England).

(i) ELF

Years of survival \ No events

\ No people lost

Liver related outcomes

5 48 117

6 61 103

7 64 208

(ii) BIOPSY

\ No events | No people lost

Liver related outcomes

5 42 107

6 , 54 154

7 56 271
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Figure 5.9 ROC curves of ELF and Biopsy (Ishak) at 6 years Liver related outcomes
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ROC curve of histology and ELF panel in prediction of liver—related outcomes at 6 years

The unadjusted AUC for ELF was high (0.88 (95% CI 0.83, 0.93)) and showed very good
performance in predicting liver-related outcomes at 6 years. It was greater than the AUC
for biopsy (0.88 vs. 0.83 (95% CI 0.77, 0.89)) but this difference did not reach statistical
significance (p=0.1).

Diagnostic odds rafios (reported in Table 14) showed very good test performance in
predicting clinical outcome, and using a threshold of 9.49 the sensitivity was 85% and
specificity was 82% with a very high NPV of 97% and PPV 45 %. Therefore ELF showed
very good performance in the identification of those people who are unlikely to have a

clinical event within 6 years, and can predict events in patients with 85% sensitivity.

163



Table 5.14 Diagnostic performance of ELF and biopsy predicting liver related clinical
outcomes at 6 years

ELF | Sensitivity | Specificity | PPV | NPV LR+ LR- DOR
threshold

7.83 98.2 29.9 19 99 1.22 0.49 2.5

8.79 94.4 63.1 31 99 2.56 0.09 29.0

9.27 88.9 78.3 41 99 4.10 0.14 28.9

9.49 85.2 82.0 45 97 4.70 0.18 25.9

9.88 77.8 85.7 48 96 5.43 0.26 20.9

10.25 64.8 89.5 52 94 6.16 0.39 15.7

11.18 38.9 94.6 55 90 7.18 0.65 11.1

14.18 7.41 100 100 86 7.41 0.93 8

Biopsy | Sensitivity | Specificity | PPV | NPV | LR+ | LR- DOR
stage

0v1-6 96 29 19 98 | 1.35 0.13 ] 10.5

0,1vs 2-6 89 55 25 97 | 1.97] 0.20 9.7

0-2vs3-6 87 68 32 94 2.73 0.19 14.4

0-3vs 4-6 72 79 37 93 3.44 0.35 9.8

0-4 vs. 5- 50 91 13.4

6 61 89 5.82 0.44

Biopsy stage Ishak stages 4-6 had a sensitivity of 72% and specificity of 79% in predicting

liver related outcomes at 6 years.

The ability of ELF to predict all-cause mortality at 6 years was good, with an AUC of 0.82
(95% CI 0.76, 0.88) compared to biopsy which had an AUC of 0.70 (95% CI 0.62, 0.79)

(p=0.0004) (figure 5.10).
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Figure 5.10 ROC curves of ELF and Biopsy (Ishak) at 6 years All-cause mortality
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prediction of all-cause morality at 6 years. Difference in AUC significant (p=<0.01)

Table 5.15 shows complete results for AUC values for ELF and biopsy at 5, 6 and 7 years

survival. The predictive performance of ELF for liver-related and all-cause mortality

clinical outcomes at 5, 6 and 7 years are good.

Table 5.15 Area under the Curve for ELF and Biopsy predicting clinical events at
different survival times

AUCat5Sy AUCat6y AUC at 7 y survival
survival survival (95% CI) | (95% CI)
(95% CI)

Liver related outcome

ELE 0.87 (0.81,0.93) 0.86 (0.81,0.92) 0.88 (0.82,0.93)
Biopsy 0.83 (0.77, 0.90) 0.82 (0.76,0.89) 0.84 (0.77, 0.90)
p value 0.3 0.1 0.3

(comparing AUC)

All cause mortality

BELE

0.83 (0.78, 0.90)

0.82 (0.75,0.88)

0.84 (0.78,0.89)

Biopsy 0.74 (0.66, 0.83) 0.70 (0.62,0.79) 0.73 (0.65, 0.80)
p value 0.007 0.0004 0.0002
(comparing AUC)

ROC analysis for biopsy should be regarded with some caution as biopsy stages have been

treated as if they were continuous variables with 7 thresholds, and they are ordinal

Baseline biopsy Ishak




categorical variables. This is an acceptable method of directly comparing ELF and biopsy
but results should be considered in the light of this limitation.

Logistic regression

Fully adjusted (for age, gender, smoking, self reported baseline alcohol consumption,
response to treatment and CLD aetiology-variables derived from a priori based on prior
knowledge of risk factors for progression) logistic regression analysis for ELF at 6 years
showed that for a unit change in ELF score the odds of having a liver-related outcome
more than doubles (adjusted OR 2.18 (95% CI 1.7, 2.8). (*Hosmer Lemeshow statistic =
0.776). For biopsy a change of one Ishak stage was associated with an adjusted 1.7(95% CI
1.8, 2.5) times risk of liver related outcome. (This latter result for biopsy should be
regarded with some caution as in the ROC analysis for the same reasons; biopsy stages
‘have been treated as if they were continuous variables, and they are actually ordinal
categorical variables). A unit change in ELF was also associated with a doubling of risk of
all-cause mortality (adjusted OR = 1.96) and for biopsy the adjusted OR for all-cause
mortality was 1.30 (1.12, 1.51).

Adjusted odds ratios using logistic regression for ELF (tertiles) and biopsy (mild moderate
and severe stages) as categorical variables were; ELF highest tertile compared to lowest
tertile OR=90 (95% CI 16,512) and middle compared to lowest OR= 9 (3, 30). For biopsy
severe compared to nil/mild OR=22 (95% CI 8, 62) and moderate/severe compared to

nil/mild OR=8 (2.7, 33).

Derivation of new predictive model

To evaluate whether there was a model of biomarkers that could improve the prediction of
clinical outcome, all nine of the serum markers and simple markers were entered into a
multivariable regression analysis using the Collett method of selection. MMP_TIMPI,
AST, ALT, alkaline phosphatase and creatinine variables were not significant at the 0.1%
level and did not add to the model when introduced at step 4.

The final model was fitted on 333 patients with 50 liver related events and included

HA, platelets and laminin.

Algorithm: (LnHA*0.640) + (Ln laminin*0.819) - (platelets*0.008) -5.402

(Hosmer Lemeshow statistic =0.521).

The ROC curve of this new model and ELF are shown in Figure 5.11.
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Figure 5.11 ROC curves of ELF and New Model at 6 years Liver-related outcomes
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ROC curve of ELF panel compared to new model derived on n=498 in the prediction of liver —
related outcomes at 6 years

The new model and ELF have the same AUC (0.87-95%CI 0.82, 0.92) although it may be
seen from the figure that the shapes of the curve are slightly different with ELF having a

better performance in the mid-range.

Comparison of ELF with other panels/clinical score

The performance of ELF has never been directly compared to other biomarkers. Available
tests were used to conduct such a comparison in this cohort. For several marker panels
(especially those involving AST) availability of constituent tests was limited and just over
half of the cohort could be utilised. Comparisons were made with APRI (baseline
AST/Upper limit of normal range/baseline platelets)*100), AST, ALT,AST_ALT ratio,
and MELD score (MELD = 3.8[Ln serum bilirubin (mg/dL)] + 11.2[Ln INR] + 9.6[Ln
serum creatinine (mg/dL)] + 0.643 (Figure 5.12).
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Figure 5.12 ROC curves comparing ELF and other serum markers
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ELF panel performance at prediction of live related outcomes at 6 years compared to APRI,
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Table 5.16 shows the AUC values and the number of patients. In each comparison ELF has

a better AUC than all of the comparator markers and panels. It is not known whether those

patients with available AST values are randomly or systematically different from those
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with no AST values. Consequently there may be a bias in these values leading to under or

over estimation of comparative performances.

Table 5.16 Comparison of AUC of ELF and other markers
Panel/marker | No people in No of liver AUC (95% CI)
analysis related events

ELF 258 31 0.86 (0.79,0.92)
APRI* 0.79 (0.71,0.86)
ELF 340 53 0.88 (0.83,0.93)
MELD 0.72 (0.65,0.80)
ELF 372 56 0.87 (0.82,0.93)
ALT 0.47 (0.39,0.55)
ELF 217 31 0.86 (0.79,0.93)
AST* 0.70 (0.61,0.79)
ELF 191 27 0.86 (0.79,0.93)
AST_ALT 0.75 (0.65,0.85)
*ratio

Sensitivity analysis
Two sensitivity analyses were conducted to evaluate the effect of two variables- prior

transplantation and ALD as the aetiology of CLD.

(i) Transplanted patients

41 of the patients had a transplant prior to recruitment in the original study. These patients
may have suffered clinical events that ay have been related to their transplant status. In
order to ensure that these patients had not skewed the analyses a sensitivity analysis was
conducted on those patients with their own liver at recruitment. The Kaplan Meier curves
were similar to those derived from all patients and showed the ability of ELF to predict

those patients who were likely to have a liver related clinical outcome (figure 5.13).
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Figure 5.13 Kaplan Meier curve of survival from liver-related outcomes in patients
that did not begin study with transplanted liver
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Kaplan Meir survival curves of liver related outcomes by tertile of ELF excluding those patients
who were recruited with a transplanted liver, showing that survival was better in lowest ELF
tertile and worst in highest.

The differences between survival in the ELF tertiles were significant. AUC from a ROC
analysis at 6 years for liver-related outcomes were 0.87 (95% CI 0.81, 0.92) (n=355)

Cox proportional hazards analysis had an adjusted HR of 35.8 (95% CI1 9.4, 137.1) and
6.22 95% CI 1.9, 20.8). Using logistic regression at 6 years for Liver—related outcomes the
Odds Ratio was 2.0 (1.6, 2.6) adjusted for age, gender, aetiology, responder to treatment
status, smoking and alcohol. This does differ materially from the logistic regression for all
patients which also showed that a unit change in ELF was associated with a doubling of

risk of liver-related clinical outcome.

(ii) Patients with ALD

There were 55 patients with ALD who had 38 (54%) of the liver related outcomes. Crude
unadjusted analyses by Kaplan Meier plots showed that tertiles of baseline ELF score
could predict liver outcomes and all-cause mortality, with those people having ELF scores

in the highest tertile at baseline being significantly more likely to have had clinical
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outcomes than those in the middle tertile, who in turn were more likely to have had
outcomes than those with the lowest tertile score (log rank test (Mantel-Cox) p= <0.001).
This was maintained when four groups of ELF are analyzed by dividing the middle tertile
into 2 by score.

In a CPH analysis without patients with ALD the fully adjusted HR did not decrease.
Similarly from logistic regression the fully adjusted OR was not reduced in those patients

whose aetiology was not ALD.
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5.6 The performance of ELF serum marker panel in predicting clinical outcomes in
Primary Biliary Cirrhosis (STUDY 2)

5.6.1 Background

The diagnosis of PBC can often be made based on a positive anti-mitochondrial antibody
(AMA) test in the appropriate clinical setting. However, liver biopsy is still used to assess
the extent of liver fibrosis and provide prognostic information. There are several
prognostic models that include liver function tests and clinical variables, that have been
used in the prediction of short and long term survival in PBC. Some are time-fixed (Yale
(bilirubin, age, hepatomegaly, cirrhosis,) European (bilirubin, age, albumin, cirrhosis,
central cholestasis) , Mayo (age, bilirubin, albumin, PTT and peripheral oedema), Glasgow
(bilirubin, age, ascites, varicael bleeding, marked cholestasis, hepatic fibrosis)) and some
are time-dependent models Mayo, European (bilirubin, ascites, albumin, age, gastro-
intestinal bleeding)) which give improved precision and are more suitable for longer term
monitoring of disease. The only variable common to all of these models is bilirubin. There
have been no direct comparisons of these models and no one model can be identified as the
best, although the Mayo model has been extensively validated and is often use in clinical
practice, in particular to predict timing of transplantation. The precision of these models is
not very high as included variables may explain only a small part of the variation in
survival, have little direct biological plausibility in disease processes and may not include
the most important variables as they remain unknown /untried'®. Variables at diagnosis or
admission to hospital tend to show a regression to the null, suggesting that later values may
be more informative. Serum fibrosis markers may be able to offer the advantages
previously discussed in predicting clinical progression avoiding biopsy complications and
limitations of clinical models.

There have been few small direct evaluation studies on prognosis using serum markers of
liver fibrosis. One found that in a study of 97 patients allocated to treatment with
ursodeoxycholic acid or placebo, HA and P3NP replaced bilirubin as predictors of poor
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clinical prognosis in the ursodeoxycholic acid treated group . However in a study of 55

patients followed up for mean of 58 months HA and P3NP did not give any indication of
prognostic outcome'”*.

Collaboration with the Principle Investigators of the PUMPS RCT based in University of
Texas Southwestern in Dallas Texas permitted access to paired samples of biopsies and
sera taken from a longitudinal cohort of patient with PBC. The performance of ELF in the

identification of fibrosis on biopsy has been shown to be good (results presented in Chapter
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4 of this thesis). Study 2 was undertaken to evaluate serum fibrosis markers as predictors
of clinical progression in large cohort of PBC patients and to compare with commonly

used clinical models.

5.6.2 Aim of the study
To evaluate the prognostic performance of the ELF panel in patients with PBC in

predicting liver-related outcomes.

5.6.3 Methods

161 patients with PBC were prospectively followed between 1993 and 2003 as part of a
multi-centre US clinical trial that was designed to investigate whether low dose weekly
methotrexate, when added to ursodiol, improved survival or delayed progression of PBC.
Methotrexate was not found to affect the course of PBC, so patients from both treatment
arms were combined for the purpose of this study. Combining treatment arms was also
later justified by a sub-analysis demonstrating no effect of the treatment arm on the
outcomes of this analysis. Inclusion criteria were positive AMA and an abnormal alkaline
phosphatase or at least stage 1 disease on liver biopsy. Patients with decompensated

cirrhosis were excluded.

Serial liver biopsies and serum samples were collected every 2 years, when endoscopy was
performed to ascertain new varices, and abdominal ultrasound to ascertain new ascites. A
single pathologist graded all histology using Ishak classification. Clinical progression was
defined as development of one or more of the following events: new varices, ascites,

~ encephalopathy, variceal bleed, liver transplant, or liver-related death. The ability of the
simplified ELF panel, histological fibrosis, bilirubin, MELD, and Mayo Risk Score to
differentiate between individuals who would experience clinical decompensation and those
who would not was evaluated at different time points.

Statistical methods were the same as in Study 1, with crude unadjusted Kaplan Meier
survival analysis being presented at 7 years follow up, Cox proportional hazards model at 7
years adjusting for age, and ROC analyses at specific time points. Comparisons with other
prediction tests and clinical scores were made using ROC analyses at different time points.

AUC values were compared using non-parametric approach.
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5.6.4 Results

The median follow-up of patients was 7.3 years (0.4-10 years). 93% were female and 93%
were Caucasian. 43 patients developed liver related clinical outcomes (27%).The mean
scores of all prognostic tests were significantly higher at baseline in those that developed a
clinical outcome. There were difficulties in determining the boundaries of the tertiles to be
used for ELF — ideally those derived from the original ELF scores would be used (larger
dataset and it would be ideal to have a reference tertile scoring system that could be
applied to external populations). However, this created problems as the PBC population
had a different ELF distribution (in PBC the median = 9.1 and the range was 6.83 to 13.02
compared to original ELF cohort median 8.48and the range was 4.16 to 16.67). The
boundaries of the two methods of deriving tertile score boundaries are show in Table 5.17.
Using the dataset driven boundaries (a) the Kaplan Meier survival curve for survival at 7
years for liver related events showed a similar pattern to that in the ELF follow-up cohort
(figure 5.14). However when the Original cohort boundaries are used (b) the very few

people in the top tertile affected the survival curve (figure 5.15).

Table 5.17(a) PBC dataset derived tertiles (n=161)

ELF Tertile Clinical No people
(derived from PBC dataset) Event

1 (6.83-8.89) 7 62

2 (8.9-10.96) 26 85
3(10.97-13.02) 10 14

Total 43 161

Table 17(b) Original ELF dataset derived tertiles (n=921)

ELF Tertile Clinical No people
(derived from PBC dataset) Event

1(4.16-8.33) 4 38

2 (8.34-12.51) 37 121
3(12.51-16.67) 2 2

Total 43 161

Table 5.18 Clinical events and number of people by category of histology

Histology Clinical No people
Event
Stages 0-1 5 37
Stages 2-3 22 86
Stages 4-6 14 14
Total 41 152
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Figure 5.14 Kaplan Meier curve of survival from liver-related outcomes for ELF
tertiles

*using tertile values from PBC dataset
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Kaplan Meir survival curves of liver related outcomes by tertile of ELF showing that survival
was better in lowest ELF tertile and worst in highest.

Figure 5.15 Kaplan Meier curve of survival from liver-related outcomes for ELF
tertiles (derived from original ELF cohort n=921)
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Kaplan Meir survival curves of liver related outcomes by tertile of ELF (using the original ELF
cohort to derive tertile score boundaries) showing that survival was better in lowest ELF tertile

and worst in highest. The steep fall off in the highest tertile is due to the very few (n=2) persons
in this tertile.
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The log rank test comparing the three subgroups showed a highly significant difference
(p<0.0001) in event-free survival depending on the baseline ELF score.

Survival curve for lowest and middle tertile show significant difference in survival from
liver related clinical events.

In a Cox’s Proportional Hazard model adjusting for age each increase in ELF score by 1
point was associated with a 2-fold increase in future complications (Relative risk 2.09,
95% CI 1.6 -2.7). Every stage increase of histological fibrosis (1-6 point scale) led to a 1.5-
fold increase in future complication rate (RR 1.6, 95% CI 1.3 -2.1). The Hazard ratio for
the highest ELF tertile compared to lowest was 11.2 (95% CI 4.3, 30.0) for ELF middle
tertile compared to lowest 3 (95% CI 1.2 to 7). For histology, Ishak stages 4-6 compared to
0-1 HR were 5 (95% CI 1.7, 14.0) and stages 2-3 compared to stages 0-1 HR were 1.8
(95% CI 1.0, 5.0).

The choice of how to determine the tertiles, by PBC dataset or using original ELF dataset,
is problematic and was addressed in the discussion in Chapter 4. The dataset driven tertiles
allow models to be fitted to the PBC data whereas the original ELF dataset scores may
reflect scores derived from a much larger dataset but a mixed aetiology where the PBC
numbers were small and CHC made up the majority of the patients. This gives those
analyses which use ELF as a continuous variable more external validity. Both are

presented for comparison.

ROC analyses

The ROC analysis was conducted at a time point of 6 years follow up, as the number of
clinical events and persons that reached this time point and who could be included in the
analysis was optimal (see table 5.19). AUC at other follow times are reported but have
fewer events or more patients missing from the analysis due to censoring.

Table 5.19 Number of clinical events and persons censored by year of survival

Years of survival \ No events \ No people censored
Liver related outcomes

4 18 13

5 22 25

6 30 46

7 33 68

8 39 103

Figure 5.16 and 5.17 show ROC curves for ELF compared to different biomarkers.
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Figure 5.16 ROC curve at 6 years follow up of patients with PBC comparing
prognostic tests in prediction of liver —related events
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ROC curves of ELF panel compared to bilirubin, MELD score, Mayo score and histology in the
prediction of liver related events at 6 years showing ELF has a better performance than the
other non-invasive markers

Figure 5.17 ROC curve at S years follow-up of patients with PBC comparing
prognostic tests in prediction of liver—related events
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ROC curves of ELF panel compared other biomarker scores in the prediction of liver related
events at 5 years showing ELF has a better performance than the other non-invasive markers

The AUC values of the comparisons of ELF and other biomarkers in the prediction of liver
related outcomes at various time points are shown in Table 5.20. ELF alone has the best

performance at all time points compared to commonly used biomarkers.
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Table 5.20 AUC values with 95% CI comparing ELF and other prognostic
tests/clinical scales at different years of follow up

4 years S years 6 years 7 years 8 years
follow up follow up follow up follow up follow up
ELF alone | 0.79 0.79 0.79 0.78 0.83
(0.67,0.91) | (0.68,0.90) (0.69,0.88) |(0.67,0.88) |(0.71,0.95)
Comparison of ELF and other prognostic tests
ELF 0.78 0.78 0.78 0.79 0.82
(0.66,0.91) | (0.67,0.89) | (0.67,0.88) | (0.69,0.90) | (0.70,0.95)
Mayo 0.66 0.66 0.72 0.66 0.74
(0.52,0.80) ](0.53,0.79) |(0.62,0.83) | (0.54,0.78) | (0.59,0.90)
Histology 0.68 0.67 0.73 0.73 0.71
(0.54,0.82) | (0.55,0.80) |(0.62,0.83) |(0.62,0.84) | (0.57,0.86)
MELD 0.61 0.62 0.64 0.59 0.60
(0.45,0.77) | (0.48,0.77) | (0.51,0.77) | (0.46,0.72) | (0.44,0.75)
Bilirubin 0.64 0.62 0.68 0.59 0.71
(0.49,0.78) 1(0.48,0.76) | (0.56,0.79) | (0.46,0.72) | (0.57,0.87)

Logistic Regression

From Logistic regression the Odds ratio for ELF (continuous) adjusted for age was 2.2

(1.4, 3.5)-for a unit change in ELF score the odds of a clinical event more than doubled.

This is similar to the results from Cox Proportional Hazard model.
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5.7 Discussion

Statement of main findings

Follow up clinical outcomes data were collected on 498 patients in England and 404 in
Europe originally recruited to a diagnostic study. Robust information on mortality and
morbidity in those lost to follow up or discharged was possible in England, and very
incomplete in Europe. The all-cause mortality rate in England centres was 15% (n=73) and
13.5% had liver related outcomes (n=67). The prognostic ability of the baseline ELF panel
and biopsy were evaluated in England. Crude unadjusted analyses by Kaplan Meier plots
showed that tertiles of baseline ELF score can predict liver outcomes and all-cause
mortality, with those people having ELF scores in the highest tertile at baseline being
significantly more likely to have clinical outcomes than those in the middle tertile, who in
turn were more likely to have outcomes than those with the lowest tertile score (log rank
test p= <0.001). Histology was also predictive of outcome when classed as mild, moderate
or severe fibrosis. Analyses using Cox Proportional Hazards model show that ELF
remained predictive when fully adjusted for possible confounders (p=<0.0001); the
adjustéd hazard ratio (HR) for the middle tertile ELF score versus lowest tertile ELF
score= 8.3 (95% CI 2.5-26.5), and for highest tertile ELF score versus lowest tertile,
HR=57 (95% CI 15-215). The hazard ratio decreased after adjustment for potential
confounding. Adjusted odds ratio from logistic regression at 6 years showed a doubling of
risk with unit change in ELF score. AUC from ROC analysis showed ELF had a very good
performance in predicting liver related outcomes at 6 years (0.88 (0.83,0.93). At 6 years
follow up ELF was better at predicting all-cause mortality than biopsy (0.82 vs. 0.70).

A similar trend in results was obtained by a follow up study of 161 patients with PBC
where ELF was shown to be predictive of clinical outcomes. Crude unadjusted analyses by
Kaplan Meier plots showed that tertiles of baseline ELF score can predict liver outcomes
and all-cause mortality, with those people having ELF scores in the highest tertile at
baseline being significantly more likely to have clinical outcomes than those in the middle
tertile, who in turn were more likely to have outcomes than those with the lowest tertile
score (log rank test p= <0.001). ELF score as a continuous variable in a Cox Proportional
Hazard model showed a fully adjusted Hazard Ratio of 2.1. ROC analyses showed that
ELF was the best predictor of clinical events compared to other accepted clinical scores,

with an AUC at 6 years follow up of 0.78 (95% CI .67,.88). Adjusted odds ratio from
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logistic regression at 6 years showed more than a doubling of risk with unit change in ELF
score.

Strengths and Limitations

Study 1 This study was conducted in large number of patients representative of patients
referred to hepatologists for investigation of liver disease by biopsy. It involved many
centres and reflected general hepatology practice. In the English centres despite high
attrition rates from recruiting centres, robust follow up was achieved in a traditionally hard
to reach population. The excellent response rate from General Practitioners regarding the
liver morbidity contributed to this, permitting the ascertainment of clinical outcomes in
most of those failing to attend or discharged from recruiting centres, with only one
reported clinical event. There was useful control of confounders, and the derived relative
risks were large enough to discount chance and bias. This makes this study one of the most
robust prognostic studies that has been conducted in this field.

In contrast there were difficulties in ascertainment of data from the European centres. This
varied between centres but there were some common themes. The most significant was the
problem of ascertainment of outcomes in those patients lost to follow up from the
recruiting centre. In three out of the four countries there was no system of national
mortality that could be interrogated regarding the mortality status of these patients. The
mortality rate that could be determined was much lower than that found in the English
centres (2.5% vs. 14%). The disease spectrum was similar in Europe and England so
assuming that the rate of progression of disease in patients in England and Europe are
similar, it is likely that many deaths had not been ascertained from Europe. The non-fatal
event rate in those lost to follow up is similarly unknown. Use of such data with so much
missing information would have compromised validity. Consequently the available
numbers for analysis was reduced, although power was still adequate as evidenced by
Hazard ratio results. Sensitivity analysis using the data from Europe did not change the
trend of the results. Kaplan Meier plots showed that tertiles of baseline ELF score can

predict liver outcomes and all-cause mortality, and that histology could predict outcome.

Other local issues in data collection in Europe also contributed to the decision to exclude
those centres. In some countries the referral of patients is not restricted to locality
catchment area, with patients attending from all over the country for assessment and initial
management, following which they were looked after by more local centres. Hepatology

expertise also increased over the decade following recruitment leading to dissemination of
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patients countrywide. This problem also pertained to those centres that were large regional
transplant centres.
Loss of clinical records (including by fire and flood in 2 centres) was a problem in all

centres but electronic records in some centres provided follow-up information.

Ideally prognostic studies should be evaluated using an inception cohort with disease at
same stage. This latter condition is difficult in CLD due to the asymptomatic nature of
most of the natural history stages of liver disease with clinical symptoms only appearing at
the end stage of disease (cirrhosis). Therefore patients present to health services at different
stages depending on the trigger for investigation. The cohort in this study was not a true
inception cohort (where all patients are recruited at the same point of disease) and this may
make interpretation difficult and there may be survivor bias. The cohort was established
primarily as a cross-sectional cohort to derive and validate diagnostic tests to identify
fibrosis on biopsy. Inclusion criteria did not demand that the recruited patients were
incident cases and therefore it may not be a perfect inception cohort. If the cohort were not
an inception cohort bias may have occurred. Results from an analysis in one centre showed
that most patients had spent less than four months under the care of hepatology before
recruitment to the study, implying that the cohort may be more like an inception cohort that

not.

The original study recruited consecutive patients at the point of biopsy, with few patients at
the severest end of the disease and most at mild or moderate stages. Thus the numbers of
patients in the highest ELF tertile or with cirrhosis on biopsy were small. Nevertheless this
is likely to represent clinical practice in hepatology centres. Data collection was conducted
by one researcher per patient records. Double data collection would have been ideal to
remove any measurement bias, but due to constraints of time and availability of clinical
records this was not possible. Such measurement bias would have tended to direct

estimates of effect to the null.

Survival analysis gives a broad picture of the average survival probability for a patient
group. As the characteristics of individual patients may vary from the average it does not
describe individual patients. Experts in prognostic study methodology have emphasized

that prognostic models may only explain some of the variation in survival between
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patients, and have advised that they be used as guidance to prognosis in individual patients
in the context of the overall clinical picture that is being considered by a clinician'®*.
Study 2

Study subjects were not consecutive patients attending in the clinical setting but were
recruited to a treatment trial. This may have led to some selection bias.

The choices of clinical event are the same as in Study 1 although incident diagnosis of
oesophageal varices was included. This may introduce bias as endoscopy practice was not
standardised and different clinicians in different centres may have varying practice in
which patient is endoscoped, and how often. This is likely to be non-differential as
clinicians were blind to ELF. Also practice may vary in what is reported, e.g. the size of
varies considered to be significant as smaller varices may not be reported systematically.
This was not an inception cohort leading to limitations outlined above. There was loss to
follow up which leads to selection bias, and loss of power leading to less precise results.
However patients with PBC are recognised to be a more compliant population with respect
to clinic attendance and therapy than other aetiology of CLD and overall the length of

follow up was good in this cohort.

ELF predicts outcomes

The results of both of these prognostic studies showed that the enhanced liver fibrosis
panel of biomarkers established after external validation studies (Chapter 4) can predict
those people who would progress to clinical outcomes over the next 8 years. Crude
unadjusted analyses by Kaplan Meier plots showed that tertiles of baseline ELF score can
predict liver outcomes and all-cause mortality, with those people having ELF scores in the
highest tertile at baseline being significantly more likely to have clinical outcomes than
those in the middle tertile, who in turn were more likely to have outcomes than those with
the lowest tertile score. Histology was also predictive of outcome when classed as mild,
moderate or severe fibrosis, although less reliable when individual stages of fibrosis were

analysed.

The ability of ELF to predict all-cause mortality was greater than biopsy. The hazard ratio
for a unit increase in ELF remained high (1.60) when adjusted for biopsy suggesting that it
has something to offer in addition to knowing the histology. This is in contrast to the Ngo
study where the AUC performance of both Fibrotest and biopsy was less in predicting all-

cause mortality than liver related outcomes. The reasons for this are unclear. It could be
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that ELF which includes biomarkers involved in extracellular matrix formation and
breakdown is reflecting additional morbidity in the body that contributes to the mortality
rates'®”.

Attempts using logistic multivariable regression analyses to derive a more effective panel
of markers to predict clinical outcomes using this dataset were unfruitful. Such panels did
not add any significant improvement to the performance of ELF in predicting clinical

outcomes.

Role in clinical management

The ability of ELF to predict clinical outcome may be a very useful additional tool in the
management of patients with CLD. It allows patients to be identified who are more likely
to suffer serious clinical outcomes within 6 years with a high degree of accuracy. Patients
could then be offered surveillance for oesophageal varices and HCC, and could be better
prepared for future transplantation. There is published evidence that such surveillance is
associated with a reduction in morbidity and mortality making ELF useful to the clinician
and patient in the identification of serious asymptomatic liver disease (see Chapter 1.2).
This use of ELF is also likely to improve the cost effectiveness of management of patients,
who often have protracted and frequent hospital admissions with clinical complications of
decompensated cirrhosis. This needs further research to provide robust evidence to confirm

such a hypothesis.

ELF is not a replacement for biopsy. Biopsy offers opportunities to diagnose co-existent
causes of CLD which may alter patient management, and provides direct visualisation of
any distortion of liver architecture which may provide clues to additional co-pathology. In
this chapter ELF has been shown to be effective in the provision of information with which
to predict future clinical outcomes, and potentially it may have a place in the more regular
monitoring of disease progression/regression where the role of biopsy is restricted. It may
also be used when patient preference is for a non-invasive method of evaluation of

prognosis and where biopsy is difficult to perform —such as in prison.

Due to a high NPV (97%) ELF can also accurately exclude those patients who are unlikely
to have clinical events in the next 6 years. It may help clinicians in primary and secondary
care to decide the setting for optimal follow-up of patients. ELF may also be used in the

evaluation of therapy in patients with CLD, both in tackling the underlying causes such as
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viral hepatitades, and development of anti-fibrotic drugs. Care needs to be taken in
extrapolation to primary care as currently no studies have evaluated performance of ELF in

this setting.

There are public health applications in the elaboration of the epidemiology of CLD. With
the burgeoning epidemics of hazardous drinking, obesity and hepatitis C it is imperative
that the prevalence of CLD especially serious fibrosis/cirrhosis in the general
population/primary care settings is determined. ELF is a tool to explore the epidemiology
in this silent population allowing the optimization of management of people with CLD and
offering opportunities for modification of lifestyle and effective therapeutic interventions.

This aspect is explored further in the overall discussion (Chapter 6).

Further research is needed to evaluate the ability of ELF to predict clinical outcomes in
independent populations, especially those with a higher proportion of ALD and NAFLD as
the importance of these liver diseases become ever more important in the light of rising

obesity and harmful drinking.

5.8 Conclusion

ELF score can independently predict liver related clinical outcomes in patients with
chronic liver disease, at least as well as liver biopsy, and is better than biopsy at predicting
all-cause mortality. ELF performs better than tools currently used for prediction of

outcome in patients with PBC. It is likely to be a useful prognostic tool in clinical practice.
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CHAPTER 6
DISCUSSION

6.1 Statement of main findings
This thesis set out to assess the role of non-invasive biomarkers in chronic liver disease,
and to evaluate the diagnostic and prognostic performance of one particular panel of serum
markers-ELF. Chronic liver disease (CLD) is an important cause of death in middle-age in
the UK, with increasing mortality and morbidity over the past 3 decades. This trend is
likely to continue with rising prevalence of major risk factors such as harmful alcohol
consumption and obesity. The asymptomatic nature of CLD for most of its natural history
means that that there are no accurate estimates for the prevalence of CLD and there are few
opportunities to identify those people at risk of developing serious fibrosis and cirrhosis in
general and high risk populations. Non-invasive biomarkers with high performance could
provide a better tool than those currently available, to identify accurately those people with
risk factors for CLD who are at risk of progression to serious liver disease. They may also
be able to add considerably to the management of people with CLD, contribute to
understanding natural history and epidemiology, and aid the assessment of anti-fibrotic and

anti viral therapeutics.

The systematic reviews in chapter 3 showed the current scope and performance of
available serum markers explored so far in the diagnosis of liver fibrosis severity. The
markers have been most robustly evaluated in CHC, and least in ALD. The performance of
all markers is better at the severe fibrosis/cirrthosis end of the spectrum than in
identification of no or mild fibrosis, and panels of markers perform better than single
markers. The performance of some panels of markers, including the ELF panel, seems to
be good at identification of significant fibrosis in reasonable quality studies, with AUC
values of more than 0.80. Eight external validation studies of the ELF panel in cohorts of
patients with CHC, NAFLD, PBC and HCV-HIV co-infection presented in Chapter 4
showed that ELF was able to identify moderate/severe and severe fibrosis defined by
biopsy with a high NPV and good sensitivity and specificity. Access to these external
validation cohorts allowed the whole of the original ELF cohort to be utilised to simplify
the original published ELF panel through the removal of age whilst maintaining its

diagnostic performance.
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Liver biopsy acts as a surrogate for the prediction of clinical outcomes, in that those
patients deemed to have more severe stages of fibrosis are more likely to progress to
clinical outcomes. Histology obtained from biopsy is used as a reference standard to
determine the accuracy of new tests to assess fibrosis and therefore clinical outcomes.
Biopsy is an imperfect reference test and may lead to misrgpreselltation of index tests such
as the ELF panel. Direct evaluation of the ability of non-invasive markers to predict

clinical outcomes may offer a method of reducing such inaccuracies.

Having established the ability of ELF to identify fibrosis on biopsy, the ability of the panel
to directly predict clinical outcome was studied and results were presented in chapter 5.
The ELF panel was shown to be very good at predicting liver related outcomes at 6 years
survival (AUC 0.87) and all-cause mortélity (AUC 0.82) in patients with mixed aetiology
CLD (n=498) and in a smaller (n=161) cohort of patients with PBC (AUC 0.79). Survival
analysis showed that tertiles of baseline ELF were able to identify those patients who
would go on to have clinical outcomes, with those in the lowest tertile (ELF score range
4.16 to 8.33) having significantly greatest event free survival time, and those in middle
tertile (ELF score range 8.34 to 12.51) significantly longer event free survival than those in
the highest tertile (ELF score range 12.52 to 16.67). From logistic regression at 6 years
there was a doubling of the odds of a liver related clinical event with each unit change in
ELF score. The predictive performance of ELF was confirmed in a long term follow up of
a cohort of patients with PBC presented in Chapter 5 where ELF had the best performance
profile compared to other prognostic biomarkers.

The results of these prognostic studies strongly suggest that ELF is able to predict clinical

outcome, and may offer a valuable tool in patient management.

6.2 Strengths and limitations

The research presented in this thesis has strengths and limitations which are important to
discuss in order to facilitate robust distillation of the results, and to identify and plan future
research.

Strengths

This thesis has addressed an important topic (use of diagnostic tests to identify liver
fibrosis and predict clinical outcomes) in a disease (chronic liver disease) with rising
prevalence and urgent public health implications, with obesity, harmful alcohol

consumption and injecting drug use representing major concerns in the UK. A wide range
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of statistical analyses have been used, including summative analyses and development of
clinical utility models which attempt to place such tests in a clinical context.

Three novel systematic reviews of the published literature were conducted. These reviews
have added to the available knowledge on serum markers in CLD. The SROC of diagnostic
tests in this field was also novel and offered summary measures of diagnostic performance

in biomarkers in CHC.

Collaboration with many national and international centres permitted external validation of
ELF panel in a large number (n=941) of patients which confirmed that it is able to identify
significant fibrosis in many different types of liver disease with a good diagnostic
performance. This adds considerably to the knowledge of ELF and permits its clinical use
to be elaborated for direct patient benefit. In addition, these validation studies make ELF
one of the most externally validated panels in the public domain. The extensive validation
work also begins to allow ELF to be used as a reference standard/proxy outcome for
further research in place of biopsy where this is not feasible, to use in large studies, to
improve recruitment, to offer potentially more cost effectiveness to the NHS and reduce
patient morbidity/mortality. The collaborations with centres and external validation
allowed the use of the entire cohort in which ELF was derived to conduct analysis that lead

to the simplification of ELF without reduction in performance.

In this thesis much has been written of the limitations of liver biopsy as a reference
standard and the need to use clinical outcomes as outcome measures in the evaluation of
tests in predicting future morbidity and mortality. The prognostic studies had large sample
sizes and provided robust data on two cohorts of patients on the ability of serum markers to
predict clinical outcomes. Currently this has a very small body of published evidence and
research conducted and presented in this thesis represents a considerable addition to this. In
England the ability to track all mortality and the excellent response from General
Practitioners in determining morbidity in those patients who had defaulted or discharged
from the recruiting centre meant that the information collected and used in analyses was
92% complete. This is an excellent follow up rate rarely achieved in cohort studies.
Willing cooperation from all participating centres and local help in getting clinical records
meant that in most centres data were able to be extracted direct from clinical records for
most of the 498 people followed up. For cohort studies loss té follow-up and poor access to

records compromise analysis and in this study both of these were largely avoided. The
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PBC cohort offered an opportunity to confirm the predictive ability of ELF in a single
aetiology cohort, and also to compare performance with clinical scales in current use as
prognostic indictors. Data collection and analysis were performed using methodology
designed to reduce bias. For example, the liver related outcomes were ascertained
independent of ELF and the analyses controlled for confounders. The relative risks derived
were large, making chance and bias unlikely as alternative explanations. The overall result
derived from this study, demonstrating that ELF can predict clinical outcomes will be of

benefit in management of CLD to clinician and patient.

Limitations

The systematic reviews were focused in their objective of identification of liver fibrosis
severity. They did not address the ability of serum markers to identity inflammation, in
particular alcoholic hepatitis and necro-inflammation and steatosis in CHC and NAFLD.
Inflammation and fibrosis are on a disease continuum with many common pathological
processes and it is likely that common markers will be able to identify both histological
conditions. There is evidence also that necro-inflammation on the index biopsy predicts
fibrosis reinforcing this premise. There have been studies that have looked at serum

markers ability to predict inflammation and fibrosis.

Only serum markers were evaluated and not all modalities such as liver elasticity
(Fibroscan) and hepatic vein transit time (microbubble ultrasound). These tests do have
identified limitations such as reproducibility, and technical difficulties in execution in
obese patients. However in the last few years evaluations of these tests and comparison
with certain serum markers have shown promise. In particular, using them in combination
with serum markers showed good diagnostic performance (AUC 0.88 for identification
moderate /severe fibrosis)'”'. Development of such combinations and further validations

are a promising area for future research.

Literature searches of prognostic studies are more likely to miss studies than searches for
RCTs'?, and the search conducted for this thesis may have missed publications. However
it did identify studies in different liver diseases, at different calendar times, conducted in
small and larger populations.

Transplanted patients were included in the cohort (n=42) who may have behaved

differently with respect to disease processes and development of clinical outcomes to
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people with birth livers. In sensitivity analyses conducted by removing these patients (see
Chapter 5), trends in the results were the same as those when they were included, with
adjusted OR from logistic regression and ROC at 6 years being the same. Adjusted HR
from Cox Proportional Hazard analyses differed slightly but the direction of results was the
same.

The ability of ELF to predict clinical outcomes was conducted in a mixed cohort of
patients with CLD. Individual aetiology groups were too small to carry out analysis in each
separate aetiology, and it may be that ELF will have a differing performance at different
thresholds in each of the different aetiologies of CLLD. This was partly explored with the
sensitivity analysis where those patients with ALLD were removed, and the study in 161

patients with PBC where ELF had similar performance in prediction of outcomes.

Data was extracted from the clinical records by more than one observer for pragmatic
operational reasons, and no record was double extracted. This may have led to
measurement bias but this was reduced by use of a standard data collection form, and
commonality of training for data collection. In addition any bias would have tended to

direct results to the null.

Whilst follow up of those patients who had defaulted or discharged form the recruiting
centre was excellent in England, this was not the case in the continental European centres.
In only one centre (Sweden) was it possible to interrogate the national central records for
mortality. In all others the outcomes in these patients could not be ascertained. Efforts were
made to contact last recorded Primary Care physician in one centre but the results from this
were sporadic and not systematic and many GPs contacted no longer had the patient under
their care. Defaulters and discharge rates are high in this patient group making data from
these centres incomplete and not robust. Sensitivity analyses combining English and
continental European data showed that the trends in predictive performance of ELF were
the same as when the English data were analysed independently with little change in AUC
(although more precise estimates were possible with narrower 95% confidence intervals).
This may indicate that the losses to follow up were non-differential-i.e. the associations
between serum markers and outcome were similar in those followed up and those lost to

follow up. These data are presented in Appendix 6.
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The mean follow-up time was 6.5 years in English centres and this may not be long enough
for those patients with mild disease to develop clinical outcomes. Repeat data collection

for clinical outcomes in the future may provide these data.

Some of these limitations are consequent on follow-up of a cohort not originally
established for prospective study. In addition there have been changes in the research
ethical environment in the years since the original study was conceived. In the past
information regarding mortality could be accessed in England via flagging with the Office
of National Statistics, but such data now requires specific patient consent, and tracking for
morbidity requires that this is set up at the start of the study and consent obtained in
advance for direct contact with patients. It seems logical that when studies are conceived
and set up consideration should be given to the potential advantage of long term follow-up

so that appropriate consent can be obtained.

In Europe the patterns and processes of patient referral often differ from those operating in
England, in that patients can be referred to any centre regardless of place of residence. This
meant that many patients were referred for assessment and treatment of CHC and then
discharged back to local healthcare facilities which could be hundreds of miles away. It
was a minority of patients that continued to receive é:are for CLD in the recruiting centre.
Healthcare systems also differed in that patients could be referred to more than one service
within the same hospital for the same condition at different times, with little
collaboration/coordination or cross referral resulting in different sets of notes raised, stored
in individual departments/offices, different protocols of care, and different cliniéal
disciplines involved with clinical care. Such problems of dispersal of patient care may be a
problem in multicentre studies as it tends to be large secondary /tertiary referral centres
that express most interest in participating and they may have responsibility for patient care
for a certain time and then the patient is cared for more locally (although transplant centres
tend to share care for many years). Also trends in the last 5 years have been to increase
skills and technology in smaller more local hospitals for the management of patients with
CLD. For example, one continental European centre at the time of recruitment to the
original study was the major liver centre in the region. Over the intervening 5 years it
trained many hepatologists who were then able to set up satellite units in the region

capable of managing all but the most complex patients. All of these factors contributed to
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the challenge of ascertaining the clinical outcomes in those patients defaulted/discharged
from the recruiting centres in Continental Europe.

Finally there is always the problem of loss of clinical records; accidental (fire and flood),
within the vagaries of personal/hospital filing systems, or routine culling. Different
hospital protocols exist for destruction of paper notes and the processes for microfilming
clinical notes- which data are conserved, how well this is done and where these are stored.
This posed some limitations on the collection of data on clinical outcomes from clinical

records.

One central laboratory assayed the nine serum markers so that consistency was maintained
for these tests. The simple markers (ALT, AST, bilirubin, platelets etc.) were all assayed
locally in different laboratories at each of the centres. This may limit the use of these
simple markers, in that different assays may have been used, different upper limits of
normal selected, and measurement performed using different units. However,
harmonisation of units of measurement was possible using standard conversion matrices.
Different centres tended to order different tests, for example, not all centres routinely
measured AST and the clotting parameters differed between centres (prothrombin
time/INR). This reduced the number of patients available for analyses, for example
constructing new models and using standard tests to perform comparison with published
panels of markers (APRI) and clinical scores (MELD, Mayo) to compare with ELF.
There was only a baseline value of ELF for most subjects so the ability to evaluate the

predictive performance of a change in ELF was limited.

Even when mortality was ascertained in England the information on the death certificate
may have been inaccurate. The definition for liver-related death that was used was any
mention of liver disease in Part I. The cause of death on the certificate in some cases was
very vague, and in very similar clinical cases the information detailed in Parts I and II in
one case, were reported as Part 2 and Part 1 in others. In a few cases supplemental data
from clinical records allowed clarification (for example, gastrointestinal haemorrhage
entered Part I of the certificate when bleeding varices were detailed as the terminal events
in the clinical records), but in many cases such elaboration was not possible (for example
where the information entered was “cause of death unknown”, “bronchopneumonia” with
no other details). This may have led to an under-estimation of liver related deaths. The

inaccuracies of death certification are common problems encountered in studies of
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mortality, with the potential for bias in studies relying on certificates highlighted by other
authors'**'**. In a study in a teaching hospital in Canada, major errors were found in 33%
of death certification'*”. Such errors may be particularly important in the case of CLD,
where the underlying causes are associated with social stigma including alcohol
consumption, injecting drug use, and even obesity. Studies have reported that 40% of
people with biopsy proven ALD had no mention of alcohol on the death certificate'®®. The
methodology of such studies has been criticised in a recent review citing problems of only
taking main cause of death and not taking into account underlying conditions, and for the

lack of transparency in reporting methods'’.

Bias may have occurred in the prognostic studies, in particular partial verification bias and
spectrum bias. Partial verification bias occurs when patients with negative test results are
not evaluated with the gold standard test. This may be relevant to this study in that patients
were recruited at biopsy and their pathways into this test were non-standardized. For many
patients the presence of an initial positive test such as an abnormal liver function test
would lead to biopsy leaving those with negative tests not biopsied. To avoid this, a study
should include consecutive patients at risk for a particular disease, and not only a subset
who underwent definitive testing with the reference and index tests. This bias may have

been reduced in that consecutive patients were recruited at the point of biopsy.

A frequently ignored problem is that of spectrum effect/bias. This is the phenomenon of
the sensitivity and/or specificity of a test varying with characteristics of the patient sample.
It occurs when the disease-test relationship is heterogeneous across patient subgroups (for
example differences in test performance estimates by sex or age or cause of CLD), and the
study draws preferentially from a limited portion of the patient spectrum'?®. There is also
an impact of disease severity distribution on sensitivity and specificity, and of conditions
that appear similar to the index disease on specificity. For example, in the hospital setting
the prevalence of severe disease is higher than in a population in primary care, which in
turn is likely to have a higher proportion of milder cases than a population recruited in the
hospital setting. Yet both may have the same prevalence of the disease. Assuming that the
prevalence of disease is constant in all population samples studied, if a test is better at
identifying severe disease, the sensitivity will be less in primary care. The distribution of
the results for such a test when applied to subjects with the condition in primary care is

likely to be skewed towards the milder end of the disease severity spectrum and further

192




away from the global diseased population mean value for the test, resulting in more
primary care diseased subjects with false negative results. If some of the healthy subjects
share some of the same characteristics as those who are diseased (such as
symptomatology), then the false positive rate is likely to increase and specificity will be
lower. Thus the sensitivity and specificity of a test vary not with the disease prevalence but
are related to the distribution of disease severity in the affected people or those without
disease who have similar symptoms to those in the diseased population. The term bias
implies that there has been some systematic error in the study design that invalidates the
study results. Variations in test accuracy between subgroups as described above may
actually be true variations and so the term “effect” may be more appropriatelgg. The
primary problem resulting from spectrum effect is generalisability. If the test performance
varies substantially with sex there is little clinical utility in using the test performance
estimates in a mixed sex population. Strategies to identify and deal with spectrum effect
include simple stratification procedures, which are limited by sample size and precision of

the estimates.

The original recruitment to the ELF diagnostic cohort and the PBC cohort trials had strict
inclusion and exclusion criteria and participants were not consecutive attendees in
hepatology clinical settings. The exclusion criteria for the ELF study included those
patients with any known extra-hepatic fibrosis including rheumatic and lung disease,
significant cardiovascular disease and cancer, advanced cirrhosis with evidence of
decompensation (Child-Pugh Class C), drug induced liver disease or hepatocellular
carcinoma. For the PBC trial inclusion criteria included asymptomatic patients having
more Stage 1 on biopsy, exclusion criteria included advanced disease, cancer patients, and
those patients taking immunosuppressive drugs. This leads to a reduction in

generalisability.

Where the reference standard itself is subject to error, (for example the liver biopsy), then
non-differential misclassification is possible leading to underestimation of the test
performance.

The case definitions of the clinical outcomes employed in the prognostic study were
established at the beginning of the study and attempts were made to make them as
objective as possible. Bleeding varices had to be diagnosed with endoscopy; jaundice by

clinical assessment and raised bilirubin, ascites by peritoneal tap/ultrasound/clinical
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assessment and encephalopathy by standard measurement scale/clinical assessment. The
use of clinical assessment in some cases rather than formal tests may lead to non-
differential misclassification of the outcome, which would tend to bias to null. However in
these cases the clinical picture as a whole was considered by the data collectors who were
clinically experienced, including other test results to reduce the impact of this limitation.
Presence of varices on endoscopy was not included as an outcome in Study 1, as this may
have been biased as it is dependent on endoscopy practice in addition to the true

prevalence of varices.

There were several overarching methodological issues that arose from the work presented
in this thesis and these, along with the place of non-invasive markers in CLD, are

discussed in the sections below.

6.3 Reference test for liver fibrosis in CLD

The determination of a robust reference test for liver fibrosis in CLD against which to
evaluate new diagnostic tests is problematic, as is the elaboration of which end-point of
disease should be identified. The current reference standard is histology derived from liver
biopsy. A reference standard should correctly reflect the true disease status but it is rare
that reference standards are error free. Biopsy is no exception and liable to inaccuracy
arising from both failure to acquire a truly representative specimen of liver, and in the
interpretation of the histology. This may lead to misclassification of the index test with
sensitivity and specificity biased in either direction depending on the error attributable to
the biopsy. If the errors in the reference test and index tests are not correlated then the
misclassification of the reference standard tends to underestimate test accuracy. The degree
of underestimation is non-linear. Sensitivity is underestimated most when the prevalence of
the target condition is low. The estimated sensitivity of the test will be closer to the true
sensitivity with increasing prevalence. Specificity is underestimated most when prevalence
is high. Estimated specificity of the test will be closer to the true specificity when the
prevalence of target condition is low. Odds ratios are underestimated most when
prevalence is at either extreme and tend to move towards the null. If errors in the reference

standard are correlated with test errors the effects are more difficult to predict.

One methodological approach to the lack of a robust reference standard has been the use of

latent class analysis, where a mathematical model is constructed and a variable is assumed
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to represent the true disease status. The model is then used to estimate error for different
index tests. However assumptions have to be made about the inter-dependence of the errors
from each test and as these cannot be measured the method has limitations. It does not
have real-world relevance in a clinical setting as it assigns a mathematical function to
represent “disease” rather than a clinical case definition®®*®! 2 Another approach is
discrepant resolution. This is used in cases where the results of index and reference tests
are different and a further test (the “resolver™) is used to ascertain which is correct. As only
those discrepant cases are subjected to the resolver test it biases towards improving the
apparent accuracy of the index test’”. In addition there may be errors in the resolver test
which, if similar to those in the index test, may again overestimate the accuracy of the
index test. When the index test is better than the reference standard the false test results
may in fact be true. The index test may eventually be shown to have greater predictive
ability by identification of groups with different outcomes, establishing over time, the
index test as the new reference standard.

A recent review of methods of evaluation of diagnostic tests when there is no “gold
standard”, suggested methods of adjustment when the reference standard is imperfect.
These included adjusting accuracy estimates using information on the degree of
imperfection of the reference test and the correlation of the errors between the index and
reference tests, or sensitivity analysis to examine the impact of the imperfect standard.
However their main conclusions were that when the reference standard accuracy was very
poor, or where the magnitude of the imperfection is not well documented, the concept of
clinical test validation may be helpful. This is when clinicians and scientists examine,
using a number of different methods, whether the results of an index test are meaningful in
practice. This takes time and relies on a consensus in academic and clinical settings on
thresholds, and a point in the validation process where the data gathered would be

sufficient to allow clinical use of the test with confidence’®*

This latter suggestion is
promising and the research findings in this thesis contribute to the evidence base of this

approach. More studies using this methodology are required.

In addition to methodological flaws as a reference test, biopsy is an invasive test with
morbidity (3%) and mortality (0.03%), and may lead to only those with a likelihood of
significant disease (identified with prior testing with, for example with abnormal

traditional liver function tests) and not all patients seen by the clinician being biopsied.
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This will result in partial verification bias which tends to overestimate sensitivity and

underestimate specificity.

How well the biopsy actually reflects the true fibrosis in the liver is limited by sampling
error (a very small part of liver is assessed, and fibrosis may not be homogenously
distributed in the liver), intra and inter-observer variability in interpretation of histology,
and by its nature the biopsy yields histology which gives a single snapshot in time of the
architecture of the liver.

Use of ordinal categorical classifications for liver histology artificially forces a biological
process into a rigid structure which does not reflect the dynamic processes involved in
fibrosis, nor accurately describes the non-linear nature of fibrosis (stage 2 is not twice as
much fibrosis as stage 1)**%. The quantity of fibrosis itself may not be the only factor in
determining the staging of fibrosis as the location, distortion of liver architecture and
vascular involvement also contribute to which stage a pathologist may allocate the biopsy.
This is supported by morphometry studies which show that there is only a 12% increase in
the quantity of fibrosis between Stages 0-4. It is likely that the vascular disruption in the
later stages of liver disease where the portal vein and central vein are connected by fibrosis
tissue leading to shunting of blood flow in the liver, may have a major role in the loss of

liver function and thus the prognosis.

The quality of liver biopsy (length of sample and the number of portal tracts) has been
shown to be important in improving the biopsy as a reference standard, with those with
100mm having a 30% coefficient of variation compared to 55mm which had a 55%
coefficient of variation®. Classification can be improved by using biopsy lengths of 25mm
(75% correct classification). This has practical considerations in that current practice of
obtaining biopsies under ultrasound guidance and using narrow gauge needles, such
lengths are rarely obtained. Some authors have suggested the use of a discordant analysis.
Where biopsy and serum marker disagree (discordant pairs) and the biopsy is less than
10mm long the case is classified as a biopsy failure (false positive rather than true
positive). As in discordant analysis using a resolver test this variation has methodological
problems. These include evidence that more severe disease may result in shorter more
fragmented biopsies resulting in selection bias so that those with severe disease are classed
as false positive reducing the prevalence of severe disease?®. However it cannot be

assumed that the score assigned to a short biopsy is always inaccurate. If both biopsy and
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serum markers agree (concordant pairs) and the biopsy is less than 10mm should both be

classed as inaccurate? Such discordant analysis is therefore flawed.

The biopsy remains a valuable test for fibrosis despite these imperfections as a reference
standard, the limitations of acquisition and practical issues of its invasive nature. It can
provide information on the structure and architecture of the liver, suggest the possible
aetiology in those with unknown cause of CLD or identify concomitant aetiologies which
may otherwise remain undetected, and supply an indication of the length of duration of the
injury®”’. There is evidence that severity of fibrosis on biopsy can independently predict
liver-related mortality in a cohort of 3,000 patients with CHC*®. However the limitations

of acquisition, difficulties in interpretation and repeatability of biopsy still remain.

The use of other tests as a reference standard for liver fibrosis has been suggested. These
include automated morphometry, which uses computer programmes and digital analysers
to quantify the amount of fibrosis in a biopsy. Problems remain in acquisition of the

. « e . 209:
sample, and intra-sample variations between readings 09:210

6.4 Role of biomarkers

Non-invasive biomarkers are a candidate for evaluating liver fibrosis rather than biopsy as
they can be repeated easily, have a low coefficient of variance, have biological plausibility,
are continuous measures reflecting the biological processes involved in fibrosis, do not
require senior professional experts to acquire, and are likely to be cheaper.

They are measures of the structure or function of the liver in liver fibrosis. Albumin
(manufactured by the liver), platelets and ALT flag up the failing hepatocytes (function).
Other tests such as HA, P3NP, TIMP, MMP are considered to be direct markers of
extracellular matrix deposition (structure). However they may be a reflection of both
structure (ECM is laid down and degraded in a dynamic process leading to structural
alteration of liver architecture) and function (as the vascular structure is disrupted there
may be reduced resorption of the markers due to intra-hepatic shunting. This may explain
why ELF panel is very good at identifying cirrhosis with most people producing a lot of
matrix (active disease), and some people having a balance between depositing and
degrading ECM (still high matrix production but “inactive” disease), with decreased
reabsorption of components of ELF. As such biomarkers are measured from the serum it is

possible that they are also measuring other pathophysiological functions of the body. The
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most obvious confounding process would be fibrosis outside of the liver. The original ELF
cohort excluded patients with known fibrotic conditions and so it is likely that the liver was
the predominant site of fibrosis. However the external validation cohorts comprised of
patients less carefully selected with respect to fibrosis and this was not an exclusion
criterion in any of them. ELF performed as well if not better in the external validation as in
the original study in identifying significant fibrosis on biopsy, so it may be that concern
over extra-hepatic fibrosis is relatively unimportant. Studies directed at this specific

question are required.

There have been reports in the literature of the effect of current heavy alcohol consumption
on circulating serum markers which may limit their performance in identifying the chronic
effect of alcohol on fibrosis in patients who may be current drinkers. The mode of action of
alcohol on the markers is unclear but studies have shown that some are more susceptible to
influences of acute consumption (tenascin, laminin), some are unaffected (PIIINP,
TIMP1), and some very variable (HA). Some small studies have explored the diurnal
variation in hyaluronic acid levels. In one study, HA measurements taken in a group of
healthy people and a group with rheumatoid arthritis upon rising from bed in the morning
were greater than later in the day. The authors suggested three to four hours after rising
might be a suitable standard time to assess levels. Patients with PBC and a group of
hospitalised patients did not demonstrate this same diurnal pattern. The suggestion for
standardised times of phlebotomy was supported by a small study in patients with
osteoarthritis in USA?!'?13, This variation in serum markers needs further research by

assessment of levels at different times of the day and on different days.

The maintenance of performance between training, internal and external validation
populations is unusual as performance of serum markers panels in external independent
populations is expected to be lower than that in the population in which the panel was
derived. It is possible however that ELF is measuring another function in the body. This is
hinted at in the fact that ELF is a good predictor of all-cause mortality at 6 years (AUC is
0.82 (95% CI 0.75,0.88) whereas biopsy is not (AUC is 0.70 (95% CI) 0.62 0.79).
Evidence is beginning to appear that in patients with NAFLD there are cardiovascular
changes (such as carotid artery intimal thickening) which may link NAFLD via insulin

resistance/metabolic syndrome to extra-hepatic disease*'*. A hypothesis could be that ELF
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components are a surrogate indicator of these processes which may lead to non-liver

related death.

The use of serum markers as prognostic tests to directly predict clinical outcome rather
than using biopsy to predict fibrosis severity marks a step forward in the management of
patients with CLD. The limitations of biopsy as reference standard become less important

as it is substituted with clinical outcomes which are much more easily measured.

Highly accurate identification of patients who are likely to suffer a liver related outcome
within 6 years offers opportunities to streamline care for patients at greatest risk. This will
allow early instigation of therapy for oesophageal varices (an intervention of established
benefit), screening for HCC and better preparation of suitable candidates for

transplantation.

6.5 Performance indicators in diagnostic tests

Summary measures of diagnostic accuracy are reported in different ways in the published
literature. The inclusion criteria for the systematic reviews presented in chapter 3 used
studies that reported test results in terms of sensitivity and specificity, predictive values or
DOR or LR which can be derived from a 2x2 table with participants classified as True
Positive, False Positive, False Negative, True Negative. This excluded some of the poorer
quality studies found in the systematic reviews searching which reported the means of tests
in patients with different fibrosis severity but no other performance parameters. Further
summary measures are ROC curves which present sensitivity and specificity of continuous
variables at different thresholds. However, the day-to-day use and interpretation of AUC in
the clinical setting is difficult and whilst AUC offer a means of comparing two or more
tests, the clinical meaning of small differences are not well understood. The use of
likelihood ratios is more clinically powerful in reporting test accuracy for dichotomous
outcomes than sensitivity and specificity and can be used to convert pre-test probability to
post-test probability of disease in the clinical setting. Reliance on parameters other than LR
may tend to over estimate the performance of a test. Whilst these parameters are
considered by methodological experts to be the preferred performance indicators for
diagnostic tests, the reporting of such measures is inconsistent in the literature. A

systematic review of accuracy in diagnostic literature suggested that there was a need for
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consensus to support change as such poor reporting may result in readers of diagnostic

literature misinterpreting test accuracy215.

How clinicians make diagnoses is complex, with many constraints and drivers operating
simultaneously and not all of them are robust, scientific considerations. In a survey
conducted with 300 practicing physicians in USA, fewer than 25% considered sensitivity
or specificity before ordering tests and LRs were almost never used. The main reasons
were that the measures of accuracy were not available in the literature, not easily
accessible within a short time and unless instantly available to the doctor they were
unlikely to be used. In addition formal training in understanding diagnostic test evaluation
and accuracy of common tests was lacking or inadequate, and often when the diagnostic
accuracies were located, the published indices were established in a population that was
dissimilar from that of the doctors?'® . Other factors impact on the decision to use a test in
clinical practice such as cost, the anticipated risks and benefits of the test both to patient
and physician, physician legal liability, and patient preferences !’ . The physicians
reported that they empirically used informal “direct” methods for evaluating test
performance in their population; that is they used a test after eliciting history, symptoms
and signs (arriving at a pre-test probability) and then evaluated who did and did not have
the disease. This obviously can lead to bias, including partial verification bias and review
bias (subjective interpretations may be biased by prior knowledge and can occur when a
new test is used and the disease status from the reference standard is known). In general, in
order to determine the performance, value and place of a test in clinical practice there is a
need to have sufficient numbers of each condition to obtain reasonably precise estimates of
diagnostic performance, a need for a “gold standard” test and accurate recall of diagnostic

accuracies in various diseases and sub-groups of patients all of which may be lacking.

Other attributes of a test that may have clinical applicability in the management of
individual patients are the interpretation of positive and negative results of a test (the
predictive values). These are the most intuitive attributes to use in a clinical setting with
individual patients. However, the published predictive values of any test are specific to that
clinical setting as predictive values vary with prevalence of background disease. Generally
whilst AUCs and DORs are often used to compare tests in the literature they are more
difficult to translate to the clinical setting. Clinical utility models, as shown in chapter 3

with CHC and NAFLD, use theoretical cohorts of 1,000 people and can be used to show
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the error rates and the proportion of people for whom a test result is not attainable at robust
levels of sensitivity/specificity/predictive values. These models can permit informed
choices about the use of tests in individual clinical settings. The values that correspond to
acceptable error rates for patients and clinicians have not been ascertained in formal
studies, and tolerance of false positive/negative rates may vary with clinical setting and
between individual clinicians, and according to the clinical consequence of false positives
and false negative results. Where testing is important for identification of eligible people
for treatment, clinicians may employ lower false negative levels, and for surveillance in
severe fibrosis/cirrhosis they may have a reduced tolerance of false positives. Selection of
threshold for a test is therefore difficult. Is it more important to minimise false positives or
false negatives? Clinically if the cost of missing a diagnosis is great, and treatment (even
inappropriate treatment of a healthy person) is safe, the use of a threshold which has a high
true positive rate and most of those people with disease will be treated appropriately at the
cost of treating the people who are false positives. Conversely, if the risks of therapy are
grave, and therapy has a relatively low efficacy, a threshold could be taken where true
positives may be missed but many unaffected people will not be harmed (low false

positives).

Communication of test results to patients is not always easy, and explanation of the
likelihood of disease requires knowledge of test attributes and skills in interpretation for an
individual patient and specific clinical situation. Patient preferences for risk-taking and
understanding test choice and results need to be explored. Physicians do not tend to use
single tests in isolation. Selection of tests tends to be a phased, sequential and hierarchical
process beginning with history and a clinical examination. After each test the results are
converted from a pre-test probability, often implicitly, into probability of disease which
can then direct the selection of further tests or instigation of therapy. Physicians need to
know which subsequent tests change the probability and to what extent. Diagnostic studies
(as presented in this thesis) tend to focus on the single test and its diagnostic accuracies in
a study population which may or not be generalisable to individual clinician practice and
they generally do not evaluate the test contribution to estimate probability of disease. The
future use of markers of liver fibrosis is likely to be in this context of real-world use of
such tests. Such sequential testing with explicit diagnostic accuracy values, is starting to
appear in the literature and is discussed below in the implications of the findings reported

in this thesis.

201




6.6 Implications of research findings for clinical practice

The findings of the work conducted in this thesis are of direct relevance to clinical practice
and have the potential for incorporation into patient management and in further research.
Overall the systematic reviews found that panels of markers perform better than single
markers. This may be due to synergy between biomarkers producing a better performance
than each of them alone. Markers may be used in combinations that represent different
liver processes such as liver synthetic function and fibrosis which may explain this
synergy. Other combinations may complement each others biological functions. There are
considerations in the use of marker panels in clinical practice which include difficulties in
translating differences in performance indicators between single markers and panels (such
as AUC values) to what is clinically meaningful, and relative cost of panels which may be
more expensive than single markers to the healthcare provider.

The simplification of ELF without loss of diagnostic accuracy is a development of the
panel permitting the more seamless automation, and the use of age in analyses. The
extensive validation of ELF in many different liver patient groups will allow it to be used
in conjunction with other tests including biopsy to identify those patients with any fibrosis,
those with moderate/severe fibrosis and those with compensated cirrhosis in up to 64% of
patients. The use of an algorithmic test pathway approach to non-invasive markers in
clinical practice in order to reduce the number of biopsies has started to appear in the
published literature. Sebastiani et al have proposed the use of a panel which uses simple
indirect markers of liver function (APRI) as a screening test followed by Fibrotest in APRI
non-classified cases for the identification of significant fibrosis, restricting biopsy to
patients classified as FO-1 by the non-invasive tests. The number of biopsies was reduced
by 50% whilst retaining accuracy of 94% (with Fibrotest alone 43% of biopsies could be
avoided) but biopsy could not be avoided altogether. Different algorithmic pathways were
put forward for different sub-groups of patients, for example patients with persistently
normal ALT and those with compensated cirrhosis. The authors claim cost effectiveness,
an increased proportion of patients that can be assigned a diagnosis by the test, and
increased accuracy of allocation to fibrosis stage as reasons for this approach'®®. Further
studies have expanded this theme using different markers and modalities including

Fibrotest and Fibroscan where authors suggested if the tests were in agreement then no
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biopsy was needed, if the tests do not agree on the stages of fibrosis then biopsy would be
required'®?. These studies were in patients with CHC and there is a need to extend such

research into other biomarkers and in different populations such as ALD and NAFLD.

The numbers of people in the UK population who are potentially at risk of liver disease
with risk factors such as obesity, harmful drinking and injecting drug use may well
overwhelm existing hepatology services. The identification and investigation of people
with risk factors, who may be screened using biomarkers (such as ELF) in general practice
may be a solution to this epidemic. In those who are found to have a low ELF value
significant fibrosis can be excluded (ELF has a high NPV). If they are identified as having
any fibrosis, monitoring could be conducted in primary care. Those identified as having
significant fibrosis using non-invasive biomarkers could refer to secondary care for therapy
and surveillance. Using non-invasive markers in this way is novel and further research
investigating this use is needed urgently.

Demonstration that ELF can predict clinical outcomes in patients is very useful for
clinicians. It will allow patients to be identified who require closer monitoring and may act
as a motivator for lifestyle change. Further research is needed to test such a hypothesis.
With the extensive external validation of ELF as predictor of fibrosis on biopsy and of
clinical outcomes, the time approaches when it may be considered for use as the directly

measured end point for therapeutic trials and epidemiological studies.

6.7 What is the most important end-point in diagnostic test studies in CLD?
Selection of the most critical clinical outcome in chronic liver disease is a matter for
debate. In the systematic reviews almost all studies chose to evaluate the performance of
serum markers in the identification of “significant fibrosis” (METAVIR F2-4) or cirrhosis
(F4). This outcome was chosen in CHC as guidelines for treatment with anti-viral drugs
required that moderate/severe fibrosis be present. Identification of patients with this
severity of liver disease often in the absence of symptoms was problematic and spurred on
the search for a non-invasive biomarker with a good diagnostic performance. However,
over the course of this thesis national guidelines have changed in the light of published
evidence on the cost-effectiveness of treating patients with mild disease. Future studies of
biomarkers in patients with CHC, in common with patients with NAFLD, may thus seek to
distinguish those patients who have any fibrosis versus those with no fibrosis. These

patients are more likely to progress to cirrhosis and clinical symptoms. The clinical
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imperative for patients with NAFLD and ALD is to identity those with high risk
behaviours (hazardous drinking or morbid obesity) who have any fibrosis. The numbers

are great and rising and it is important to be able to identify those with a greater risk of
progression to serious liver fibrosis. This will permit focused interventions to change
lifestyle choices and will allow monitoring of CLD. Serum markers with good
performance at this lower end of the disease spectrum will be a valuable tool for the
clinician.

While successful liver transplantation can extend life expectancy in all cases, limited
supply of organs means that the identification of appropriate subjects and optimal timing of
transplantation are essential. Use of these serum markers can better identify those at most

risk of developing clinical outcomes and better prepare them for transplantation.

6.8 Lessons learned

The cohort of patients that was studied was not established de novo for long term follow-
up at the initial design stage. When recruiting patients to any study, due consideration may
need to be given to possible follow-up and should this potentially yield productive data,
then patients should be considered for consent for follow up with respect to flagging for
mortality and morbidity using central national records or contact by GP. In addition further
contact for possible evaluation with repeat samples should be considered at the outset of
the study. However PIAG’s interpretation of the legal aspects of data protection and
patient follow-up has tended to obstruct such studies.

Multicentre studies where principal investigators change/move to different centres and
corporate memory of a study falls away with time, pose difficulties which may be
surmountable by having a central repository of study information which is kept up to date.
The use of one laboratory for all tests involved in the study would have provided
consistency of units and values and covariance which could have helped in the comparison
of the simple liver tests in the prognostic study.

Whilst all principal investigators were seen singly during this follow-up of the original
study, a group meeting face-to-face with all collaborators and identified staff from each
centre who would help in the operationalising of the study, may have contributed to a sense
of study ownership, cohesion and direction. It must be recognised that financial constraints

prevented this.

6.9 Future research
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The research presented in this thesis has shown that biomarkers including ELF panel are
very promising as tests which can be used in the clinical management of patients CLD in a
hospital setting. They are particularly good at identifying people with serious liver fibrosis
which can help to stratify those patients at risk of developing HCC and other symptoms of
clinical decompensation. Indeed the work presented has shown directly that ELF can
predict those people who are more at risk of clinical outcomes and for whom therapies and
harm reduction measures can be directed. As the obesity and harmful drinking prevalence
increase and the numbers of people at risk of CLD rises, more identification and triage of
those people at risk of serious disease will have to occur in primary care. There are no data
in the published literature on performance of biomarkers in this setting where prevalence
of serious fibrosis is likely to be less common and the imperative is to identify those with
any fibrosis as well as those with significant fibrosis. Future work should include the

evaluation of ELF and other biomarkers in primary care.

Although collaborations were extensive and eight external validation studies were
conducted to evaluate the performance of ELF panel in the identification of fibrosis in
biopsy, each of these cohorts consisted of patients with a single CLD aetiology. It was not
possible to combine them as they were heterogeneous with respect to inclusion criteria.
More external validation of simplified ELF in mixed aetiology cohorts is needed to further

establish the place of ELF in routine clinical practice.

Systematic reviews of non-invasive markers have shown that there is a gap in the evidence
base of the evaluation of markers in ALD with poorer quality, smaller, older studies
forming the majority of published research. Further robust assessment of biomarkers in
large cohorts of patients with ALD is needed as their numbers are increasing. Impact of
reporting the presence of fibrosis/deteriorating biomarker values suggesting worsening of
liver disease to hazardous /harmful drinkers with respect to modification of drinking
behaviours needs to be investigated. Whilst these patients are difficult to recruit and retain
in such studies it is vital that such studies are performed.

Similarly assessment of ELF is required in other high risk groups such as patients with
Type 2 diabetics/morbid obesity where the Metabolic Syndrome contributes to a high level
of NAFLD. Such studies will help to evaluate the prevalence of NAFLD in these patients

and determine which are at risk of liver fibrosis and future clinical events.
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The research presented in this thesis focused on the performance of serum markers in the
identification of fibrosis. It did not evaluate inflammatory activity. This may be important
markers for progression of disease in CLD and this work should be extended to include
this. The role of extra-hepatic inflammation and links with metabolic syndrome are
speculative and require further investigation. Potential studies could include evaluation of
the role of ELF in predicting future secondary cardiovascular events in obese patients who
have had revascularization procedures; and the relationship between ELF and measures of
insulin sensitivity, whole body fat, features of metabolic syndrome and estimates of

cardiovascular risk in patients with obesity/Type 2 diabetes.

There are scant data on repeat ELF measures over time and studies utilizing sequential
testing of ELF to monitor disease progression/regression as a result of natural history or as
a response to intervention would be a valuable addition to understanding how biomarkers

can be used in practice.

The work presented has shown that ELF can predict future clinical events in this cohort.
This work should be replicated in other populations. For example there is a cohort study of
mixed aetiology patients recruited in gastroenterology Offices in three counties in USA
which has excellent data on clinical follow up in one of these centres (Kaiser Permanente
n~500). This would be an ideal population to further validate the prognostic performance
of ELF and new predictive models derived in the original diagnostic cohort.

Lack of robust non-invasive markers of fibrosis has been cited as a major barrier to the
clinical trial development of new drugs in hepatology in particular those directed at
regression of fibrosis® . Use of biomarkers instead of biopsy to monitor
progression/regression of liver damage would be invaluable in the evaluation of anti-viral
therapeutic agents, anti-obesity drugs and in the development of anti-fibrotic drugs. The
results presented in this thesis support the use of ELF in this capacity and studies can be

designed to evaluate therapeutics in all of these areas.

Extension of ELF for use in particular single aetiologies of CLD for example NAFLD and
CHC is a further area of future research. We have already conducted some work in
NAFLD using simple markers in addition to ELF to derive newer models in a cohort of
patients which seem to improve the identification of fibrosis of different severity. This has

been recently published’*’. Use of ELF with other non-invasive modalities such as
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Fibroscan/MRI/microbubble is an exciting area of future research with some preliminary
collaborative research being conducted on a small sample of patients with CHC.

All of the research outlined above concentrate on the use of biomarkers and ELF as tests
for direct patient benefit. They are also key tools in epidemiological research to investigate
CLD at a population level. Access to large birth cohorts with stored sera could allow the
prevalence of high ELF values to be ascertained indicating significant fibrosis in a
population, and its association with factors such as age, gender, cardiovascular disease,
lifestyle factors (smoking and alcohol consumption), and anthropometric factors (BMI,
waist circumference). Such datasets do exist in the UK (1958 Birth Cohort and the Health
Survey for England) and application has been made to use such data to extend the work in

this thesis to evaluate CLD in the UK.

Much of the research in this thesis has been concerned with validity of biomarkers-the
degree to which a measurement measures what it purports to measure. However other
attributes of a test are important such as reliability (degree of stability shown when a
measurement is repeated under identical conditions thus the degree to which the results
obtained by a measurement procedure can be replicated). The assay reliability of ELF has
been evaluated using standard laboratory procedures and is very good (95% covariance).
However the intra-person reliability where ELF is repeated under the same conditions but
at a different time of day/on a different day/week is yet to be conducted. The closest time
interval available is 0-3 months, and this intra-class correlation coefficient is reported in

chapter 5 and is within acceptable limits.

Direct comparison between biomarkers is beginning to be performed but often on small
numbers and more often in CHC. Most comparisons exist between those panels that use
readily available simple blood tests (often direct liver function markers) such as APRI or
Forns, and Fibrotest some which incorporated direct markers such as HA*'*%2? (See
Appendix 4 for table of comparison of these markers). ELF has not yet been directly
compared to these panels (except in n~240 as reported in Chapter 5). It would be ideal for
the research community if a reference population could be established that could be used to
compare biomarkers under the same conditions and in the same subjects. Recent
recommendations from the Cochrane Diagnostic Test Accuracy Working Group included

support for large multi-centre studies with standardised recruitment and diagnostic test
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pathways and analysis, using individual patient data rather than combining numerous small

heterogeneous studies.

6.10 Overall conclusions

Liver biopsy has practical and methodological limitations as a reference standard for
fibrosis staging of patients with liver disease and due to the former, cannot be used to
closely monitor patients nor investigate the epidemiology of liver disease in high risk or
general populations. There have been major developments in non-invasive biomarkers
over the past decade especially in CHC. Amongst these markers the ELF panel using direct
markers of ECM production has been shown in extensive validation studies to have good
accuracy in predicting fibrosis on biopsy and will have practical use in clinical practice,
reducing the need for biopsy. ELF is able to predict serious clinical outcomes at least as
well if not better than biopsy, and this will enable clinicians to identify those patients most

at risk of complications.
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APPENDIX 1

(a) Histopathological Scores of fibrosis

SCORING

STAGE

DESCRIPTION

SYSTEM

METAVIR

No fibrosis

Stellate enlargement of portal tracts but without septa formation
Enlargements of portal tracts with rare septa formation
Numerous septa without cirrhosis

Cirrhosis

SCHEUER

No fibrosis

Enlarged fibrotic portal tracts

Periportal or port-portal septa but intact architecture

Fibrosis with architectural distortion but no obvious cirrhosis
Probable or definite cirrhosis

ISHAK

WNPRPOIRWNNPPL,OIRARWND—O

No fibrosis

Fibrous expansion of some portal areas + short fibrous septa
Fibrous expansion of most portal areas + short fibrous sep
Fibrous expansion of most portal areas with occasional portal
bridging

Fibrous expansion of most portal areas with marked portal-
portal + portal-central bridging

Marked bridging portal-portal and/or portal —central with
occasional nodules(incomplete cirrhosis)

Established cirrhosis probable or definite

KLEINER

No fibrosis

Perisinusoidal or periportal fibrosis

Mild zone 3 perisinuoidal

Moderate zone 3 perisinuoidal
Portal/periportal

Perisinusoidal and portal/periportal fibrosis
Bridging fibrosis

Cirrhosis

BATTS
LUDWIG

No fibrosis

Fibrous portal expansion

Periportal fibrosis with short septa extending into lobules or rare
porto-portal septa (intact architecture)

Fibrous septa reaching adjacent portal tracts and terminal hepatic
venule (architecture distortion but no obvious cirrhosis)

Diffuse nodular formation
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(b) Clinical Scores in the prognosis of CLD

Clinical Score

Parameter measured

Components of score and
equation

Child Turcotte Pugh Disease severity *Scores calculated for 5
variables and allocation to
Class A (mild) B or C (most
severe)

Model End Stage Liver Disease severity to predict | MELD = 3.8[Ln serum

Disease (MELD) survival & to prioritise liver | bilirubin (mg/dL)] +

transplantation

Maximum value =40

11.2[Ln INR] + 9.6[Ln
serum creatinine (mg/dL)] +
0.643

Mayo clinical score

Disease severity to predict
survival to prioritise liver
transplantation

1.209 * loge(bilirubin in
mg/dl) + -3.304 *
logealbumin in gm/dl) +
0.051 * age in years + 2.754
* loge(prothrombin time in
sec) + 0.675 * oedema

Child Pugh Calculation of Score

*Parameter Points assigned

1 3
Ascites Absent Slight Moderate
Bilirubin, mg/dL </=2 2-3 >3
Albumin, g/dLL >3.5 2.8-3.5 <2.8
Prothrombin time
* Seconds over control 1-3 4-6 >6
* INR <1.8 1.8-2.3 >2.3
Encephalopathy None Grade 1-2 Grade 3-4

A total score of 5-6 is considered grade A (well-compensated disease); 7-9 is grade B
(significant functional compromise); and 10-15 is grade C (decompensated disease). These
grades correlate with one- and two-year patient survival.

Grade Points One-year patient Two-year patient
survival (%) survival (%)

A: well- 5-6 100 85

compensated disease

B: significant 7-9 80 60

functional

compromise

C: decompensated 10-15 45 35

disease
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APPENDIX 2: SEARCH STRATEGIES

serum markers.mp. or exp Biological Markers/

2. limit 1 to (human and english language and yr=1990)

3. YKL 40.mp.

4. exp LAMININ/

5. (MMP-2 or TIMP 1).mp.

6. PIIINP.mp.

7. hyaluron$.mp.

8. (MMPS$ or TIMPS or type$ 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.

11.20or30or4orS5Sor6or7or8or9orlld

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.mp. [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]

17.120or 13 or 14 or 15 or 16

18. 11 or 17

19. exp "PREDICTIVE VALUE OF TESTS"/

20. (receiver operat$ adj2 curve).ab,ti.

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)

30. alcoholic liver disease.mp. or exp Liver Diseases, Alcoholic/

31.29 and 30
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1 exp ROC CURVE/(
2. roc.ab. or roc.ti.)

W

19

20

abstract, name of substance, mesh subject heading]

21
22
23
24
25
26
27
28
29

sroc.ab. or sroc.ti.
accuracy.ab,ti.
false negativ$.ab,ti.
false positiv$.ab,ti.
predictive value$.ab,ti.
exp Predictive Value of Tests/
specifict$.ab,ti. (
sensitivit$.ab,ti.
receiver operat$ characteristic$.ab,ti.
(receiver operat$ adj2 curve).ab,ti. (
roc curve$.ab,ti.
diagnos$.ab,ti.
exp Cohort Studies/
exp INCIDENCE/
exp MORTALITY/
exp Follow-Up Studies/

(prognos$ or predict$ or course$).mp. [mp=title, abstract, name of substance, mesh
subject heading]
1 or2 or 3 or4 or5.mp. or 6 or7.mp. or 8 or 9 or 10 or 11 or 12 or 13 or 14 [mp=title,

15orl6or17or18or19

exp Liver Diseases, Alcoholic/
exp Fatty Liver/

non alcoholic fatty liver.mp.
non-alcoholic steatohepatitis.mp.
20 and 22

21 and 22

exp Hepatitis C/

20 and 28
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APPENDIX 3: QUADAS TOOL TO ASSESS QUALITY

ltem

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 resulits 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 /intermediate test results reported?

12. Were withdrawals from the study explained?

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 performed.
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NAFLD Systematic Review of serum markers of liver fibrosis QUADAS

Author |Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q%a Q% [|Ql0 |Qll QIl2 Ql3a |QI3b Ql4
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 same |tests Indep [Reprod [Test |Test fsame |report |wal tests  |Score of

short Ref Test Blind |Blind |as in explained |comp score
pract
Angulo Yes Yes Yes Yes Yes Yes Yes unclear [Yes Yes Yes Yes Yes Yes n/a 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 n/a No
Albano Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a No
Mofrad No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes n/a n/a
Shimada Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
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 n/a n/a
Bugianesi Yes Yes Yes Yes Yes Yes Yes unclear |[Yes Yes Yes Yes Yes Yes n/a n/a
Dixon No Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Hui Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes yes  [n/a n/a
Guidorizzi |Yes Yes Yes Yes Yes yes Yes Unclear |Yes Yes Yes Yes No Yes n/a n/a
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 n/a n/a
Marchesini |Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Hashimoto |Yes Yes Yes Yes Yes Yes Yes unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Ong No No Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Ledinghen |Yes Yes Yes Yes Yes Yes Yes unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Ratziu No Yes Yes Yes Yes Yes Yes unclear |[Yes Yes Yes Yes Yes Yes Yes no
Sorrentino  |No Y Yes Yes Yes Yes Yes Unclear [Yes Yes Yes Yes Yes Yes n/a n/a
es

Crespo No Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
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 n/a n/a
Santos No Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
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Yesilova Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Koruk Yes Yes Yes Yes Yes Yes Yes Unclear |Yes Yes Yes Yes Yes Yes n/a n/a
Hartleb Yes Yes Yes Unclear Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes n/a n/a
Chitturi Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes n/a n/a n/a
Brunt No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes n/a n/a n/a
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Chronic hepatitis C Systematic Review of panels of serum markers of liver fibrosis QUADAS

Ref/ Verific |Ref/ Data Index ;
I uthor: Se.lect Ref Test |index . Verific With Index ?:sft }rl:::x ?:; Same Results With(-ir il(:(lirf;on Score \O]?.hd
criter: |Approp: |Test Time Same Tests Reprod: |Blind: [Blind: as : report: explained: T of oore:
Short: Ref Test: |[Indep: in practice formula

Poynard yes yes yes yes yes yes unclear |yes  |yes n/a |yes -notallref  |yes yes unclear |no
Wai yes yes yes yes yes yes unclear |yes yes n/a yes - not all ref no yes yes yes
Leroy yes yes yes yes yes yes  |unclear [yes  |yes n/a yes -notallref  |yes yes |yes no
Sud yes yes yes _ |yes yes yes unclear  |yes yes  |n/a yes-notallref  |yes yes yes yes
Rossi yes yes lves 1 ~lyes yes yes unclear |yes yes n/a yes- not all ref no yes no yes
Myers yes yes yes yes yes yes unclear {yes  |yes In/a yes- not all ref yes yes no no
Forns lyes yes yes yes yes yes |unclear  |yes yes n/a |yes- not all ref yes [yes no yes
Myers yes yes yes yes yes yes unclear |yes yes n/a yes- not all ref yes yes no no
Poynard yes ]yes yes yes yes yes unclear |yes  |yes {n/a yes-notallref  |yes yes no no
El-Shorgaby |yes yes yes yes yes yes  |unclear |yes  |yes  |n/a yes-notallref  |yes yes {no no
Thabut yes yes yes yes yes yes  |unclear |yes  |yes n/a yes-notallref  |no |ves no yes
Calvez yes yes yes yes yes yes unclear |yes yes n/a yes- not all ref no yes {no yes
{Kaul yes yes yes yes yes yes unclear lyes  [yes n/a yes- not all ref yes yes yes yes
‘Patel yes yes |yes yes yes yes unclear |yes yes n/a yes- not all ref yes yes no yes
Rosenberg [yes yes yes yes yes yes |unclear |yes yes n/a yes-notall ref  |yes |yes lyes yes
Imbert- yes yes yes yes yes yes unclear  [yes yes n/a yes- not all ref yes yes no yes
Bismut : - 7 7

Poynards  [yes lyes  |yes yes  |yes  |yes  |unclear |yes |yes  |n/a _|yes-notallref  |no yes no yes
Fortunato  |yes yes yes yes yes yes unclear |yes ]yes ]n/a yes- not all ref no yes yes yes
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APPENDIX 4: DATA NOT PRESENTED IN CHAPTER 3 SYSTEMATIC

REVIEWS

(a) Summary of Serum marker panels components

Serum marker panel

Constituents of panel

Fibroindex

AST, platelets, gamma globulin,

Forns Age, platelets, AST cholesterol

Fibrotest Bilirubin, GGT, apolipoprotein A1,
a2macroglobulin, haptoglobin

APRI AST, platelets

Hepascore Bilirubin, GGT, HA, A2 macroglobulin,
age, sex

Fib-4 Platelet, age, AST, ALT

Fibrospect 11 HA, TIMP1, A2 macroglobulin

NAFLD fibrosis score Age.hyperglycemia, BMI, platelets,

albumin, AST/ALT

Leroy index

MMP1, P3NP

Cirrhosis Discriminant

Platelets, ALT/AST, INR

score (CDS)

Pohl AST/ALT, platelets

SHASTA Platlets, Prothrombin index, AST,
Fibrometer HA, AST, Albumin, A2 macroglobulin,

HA, urea, age
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(b) Purposive literature review of studies of serum markers in the diagnosis of liver fibrosis >2004

Study year Number Serum marker Patient population % sig Diagnostic performance Threshold Sens Spec
(journal and fibrosis AUC
vol
Lackner 194 APRI CHC consecutive 50 0-2v3-6 1.5
2005 AST/ALT APRI 0.80 2
(Hepatol 41) CDS AST/ALT 0.57 n/r n/r n’r
Platelet count CDS 0.71 >8 46 98
Pohl 41 99
platelet <130 100
0-4v5-6
APRI 0.90. 2 57 93
AST/ALT 0.73 1 78 97
CDS 091 n'r n'r wr
Platelet 0.89 <150 100 100
lacobellis 2005 1,252 APRI CHC 58 0,1v 24
Am]J AST/ALT retrospective APRI >1.5 59.5 88.3
Gastroenterol Forns index AST/ALT >1 26 87.5
100) Platelets Forns >6.9 79.3 86.3
Platelets <140,00 70.6 86.5
Adams 2005 221 Hepascore CHC prospective 57 FO1v2-4 0.5 63 89
(Clin Chem 51 (117 tr; 0.85
104 val) F0-2v3-4 0.5 88 74
0.96
F0-3v4 0.84 71 89
0.94
Varaut 110 Fibrotest CHC in renal dialysis and 46 F01v2-4 0.3 84
2005 renal transplant 0.47 dialysis 0.5 93
(Transplantation 0.71 transplantation
80) F0-2 v 34
0.66 dialysis
0.72 transplantation
32% avoid biopsy
Lok 1141 AST/ALT; CHC 34 F0-4 v 5-6 0.5 54 85
2005 (783 tr; platelets; INR cirrhosis 0.81 0.75,0.86 0.2 92 30
(Hepatol 42) 358 val) APRI 0.79 0.74,0.85
(50% avoid biopsy)
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Study Number Serum marker Patient population % sig Diagnostic performance Threshold Sens Spec
' fibrosis AUC
Bourliere 235 Fibrotest CHC consecutive prospective | 42 F01v2-4
2006 Forns Fibrotest 0.81 0.76,0.86 0.1 97 20
(J Viral Hep 13) APRI 0.6 55 90
APRI0.71 0.67,0.79 0.5 70 55
1.5 22 95
Forns 0.76,0.70,0.82 42 80 54
6.9 30 96
F0-3v4
Fibrotest 0.82 n/r n'r n'r
APRI0.81 1 69 82
| 81% avoid biopsy 2 38 96
Yilmaz 70 HA CHC 13% CHB 84% 40 FOovl-4 63 63 100
2007 (Int J Clin cirrhosis | 0.86
Practice 61)
F0-3v4 154 ng/ml 90 100
1.0
139 Fibrospect II CHC 38 0-2v3-6 0.42 92 64
Christiensen 0.850.79 0.92 0.9 52 91
2006 (J Viral 44% avoid biopsy
Hep 13)
Trocme 79 Leroy index CHC 66 F01v2-4 n/r n/r n/r
2006 0.77
(JViral Hep 13) FO0-2v 3-4 n/r n/r n/r
0.81
Halfon 519 Fibrotest CHC prospective 46 F01v2-4 0.36 73 72
2006 0.79 0.75,0.82
(AmJ F0-2 v3-4 0.44 76 70
Gastroenterol 0.800.76, 0.83
101)
Atallah 455 Albumin;platelets; | CHC Cirrhosis 0 97
2006 Alk
(Clin Chima Phosph;AST/ALT
Acta 369)
Sterling 832 Fib-4 HIV-HCV 22 FO0-3v4-6 1.45 70
2006 (555 tr; 0.77 3.25 97
(Hepatol 43) 277 val) (71% avoid biopsy)
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Study Number Serum marker Patient population % sig Diagnostic performance Threshold Sens Spec
fibrosis AUC
Sebastiani 2006 | 190 Fibrotest CHC consecutive 70 FO1 v2-4
(J Hepatol 44) Forns Fibrotest ? 65 81
APRI 0.81 0.68,0.90
Forns 4.2 80 61
0.79 0.68 0.90 6.9 24 98
APRI 0.5 84 77
0.69 0.54 0.85 1.5 30 94
FO-3v 4
Fibrotest ? 50 93
0.71
APRI 2 39 87
0.61
50-70% avoid biopsy
Parise 206 HA CHC prospective consecutive | 42 F01v2-4
2006 APRI HA 0.88 0.83,0.93 342 85 71
(Liver Int 26) APRI 0.0.82 0.77, 0.90 0.70 85 66
F0-3v4
HA 0.91 0.87,0.95 78.6 91 81.5
APRI0.84 0.77, 0.90 1.5 73 81
Sebastiani 125 APRI Fibrotest CHB 71 F01v2-4 0.47 80 63
2006 sequential 0.78
(World J
Gastroenterol
13)
Zaman 108 Fibrospect II CHC consecutive prospective | 36 FOl v2-4 42 72 74
2007 0.83
(Am J Med 120)
Angulo 733 NAFLD fibrosis NAFLD 17 F0-2 v 3-4 -1.455 77 71
2007 (480tr score 0.82 0.76, 0.88 0.676 43 96
(Hepatol 45) 253 val) 75% avoid biopsy
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Study Number Serum marker Patient population % sig Diagnostic performance Threshold Sens Spec
fibrosis AUC
Koda 360 Fibroindex Forns CHC 50 FO1 v 23
2007 (240 tr: 120/162 | APRI consec with biopsy FI10.83 0.78 0.88 2.25:1.25
(Hepatol 45) val) Forns 0.79 0.73 0.85 8.70; 4.5
APRI0.79 0.74 0.85 0.36; 0.85
F0-2v3
F10.810.76 0.87
Forns 0.77 0.70 0.83
APRI 0.800.74 0.86
F0-1v2-4
FI10.86 0.81 0.92
Forns 0.84 0.77 0.90
APRI 0.82 0.76 0.89
F0-2 v 3-4
FI10.850.790.91
Forns 0.83 0.77 0.89
APRI0.81 0.74 0.88
(35% avoid biopsy)
Grigorescu 206 Fibrotest CHC 63 FO1v24 047 80 63
2007 0.78
(J Gastrointesti
Liver Dis 16)
Snyder 2007 93 APRI CHC 54 01v24
(Clin Chim Acta Fibrospect II Consecutive prospective APRI >1.2 96 62
381) Fibrospect 11 <55 82 77

APRI_ Fibrospect 11
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APPENDIX 5: DIAGNOSTIC PERFORMANCE OF ELF (DATA NOT PRESENTED
IN CHAPTER 4)

What do the serum markers measure?

1. Breakdown products of extracellular matrix and the enzymes regulating their production

a.

b.

C.

Glycoproteins
i. Antibodies to hyaluronic acid
ii. Laminin
iii. Type IV collagen

iv. tenascin

Propeptides from cleavage of ECM molecules as incorporated into scar
i. Propeptides of collagen 1
ii. Propeptide collagen III
iii. Proppeptide collagen IV

Enzymes involved in ECM synthesis
i. Lysyl oxidase
ii. Prolyl hydoxylase
iii. Lysyl hydoxylase

TIMP regulates Metalloproteinases which are involved in the breakdown of collagen.

" Hyaluronic Acid is a constituent of ECM.

2. Liver cell synthesis

a.
b.

C.

d.

c.

& 2 macrogloulin
haptoglobulin
gamma glutaml transpeptidase
y globulin

apolipoprotein

3. Liver cell function

a.

Bilirubin
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Table 1 Diagnostic performance of the Enhanced Liver Fibrosis Panel (ELF) at different
thresholds in the combined cohort (1&2) of NAFLD

Stage of ELF Sens Spec PPV NPV LR+ LR-
Fibrosis threshold
0 ‘ 8.3467 | 100 4 60 100 1.04 0.25
versus 8.7991 | 95 19 63 71 1.17 0.26
8.97187 | 90 27 64 66 1.23 0.37
1/2/3/4 9.3585 | 80 56 72 66 1.82 0.36
(any 9.793 | 61 80 81 79 3.05 0.49
10.2112 | 45 90 86 53 4.50 0.60
fibrosis) 10.3272 | 43 95 93 54 8.60 0.60
11.6454 | 13 100 100 45 13.00 0.87
0/1 8.5783 | 100 7 42 100 1.08 0.14
versus 8.9309 | 95 22 45 86 1.22 0.23
9.3254 | 90 50 54 88 1.80 0.20
2/3/4 9.6375 | 80 67 62 84 2.42 0.30
(moderate 9.8932 | 70 80 70 80 3.50 0.38
10.3145 | 56 90 78 75 5.60 0.49
fibrosis) 10.5734 | 45 95 85 72 9.00 0.58
12.2859 | 9 100 100 62 9.10 0.91
0/1/2 8.7587 | 100 12 26 100 1.14 0.08
versus 9.2879 | 98 42 34 98 1.69 0.05
9.5816 | 96 57 41 98 2.23 0.07
3/4 9.8932 | 90 75 52 96 3.60 0.13
(severe 10.3576 | 80 90 71 94 8.00 0.22
10.8139 | 62 95 78 89 12.40 0.40
fibrosis) 11.6454 | 29 99 87 82 29.00 0.72
122858 | 16 100 100 80 16.00 0.84
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Table 2 Diagnostic performance of the Enhanced Liver Fibrosis Panel (ELF) at different

thresholds in the NAFLD Cohort 3 (paediatric)

Fibrosis ELF Sens | spec | PPV | NPV | LR+/LR | FP | FN | % cases
identified | threshold - (%) | (%) | allocated
Any fibrosis (0 vs 1a-4)

8.07 95 60 86 86 2.3/0.08

8.28 88 |86 93 78 6.3/0.14 | 45 |8 100

8.53 79 |95 97 69 16/0.22

high & low 1.8 |3 66
0, lavs 1b-4

8.09 95 60 62 95 24

8.53 84 89 83 89 7.6 6.7 | 6.6 | 100

8.96 51 96 88 74 13

high & low 2.7 | 1.8 |61
0-=1bvs lc-4

8.36 92 77 72 93 4

8.53 85 82 76 89 4.7 8 9 100

9.1 46 | 98 94 73 23

high & low 1 4 65
0-1c vs 2-4

10.09 100 | 88 8.3 62 0.8 |100

10.18 94 |93 13.4

10.30 82 100 82 0 0 88
0-2v34

10.51 100 |98 50 1.8 |0 100

10.78 50 |99 50 0 0 93

11.56 25 100 25
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Table 3 AUC values for ELFa and ELF for patients with PBC

Fibrosis AUC (95% CI) AUC (95% CI)
PBC cohort (baseline | PBC at time zero
time zero & 2 yrs) (n=110)

(n=147)
ELFa ELF ELFa ELF

% 4-6 ** | 19 20

0 vl-6 0.74 0.72 0.83 0.80
(.58,.88) (.55,.86) (.62,1.0) (.57,1.0)

0,1v2-6 |0.72 0.71 0.76 0.75
(.62,.79) (.60,.78) (.66,.86) (.65,.86)

0-2v3-6 |.76 0.76 0.76 076
(.68,.84) (.68,.84) (.66.85) (.66,.85)

0-3v4-6 |0.84 0.84 0.85 0.84
(.77,.92) (.76,.92) (.77,.93) (.76,.92)

0-4v56 |0.86 .85 0.85 0.85
(.77,.94) (.76,.94) (.75,.96) (.74,.95)

ELF has higher AUC values for the identification of more severe disease. ELFa and ELF have

the same values at each cut of fibrosis identified.
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APPENDIX 6: DATA FROM ELF PROGNOSTIC STUDY

SECTION 1. Analyses for results reported in Chapter 5

A.ELF in centres in England

(i) Rationale for variables used for adjusting in Cox proportional Hazards and Logistic
regression analyses

Tables 1a-2 show that prognosis varies by aetiology of CLD and by centre.

Table 1a Liver related clinical outcomes by aetiology of CLD

Aetiology Fraction of Liver related outcomes p value

CLD cohort (%) Observed Expected O/E

HCV 50 13 33.5 0.4 <0.05

ALD 10 36 6.7 5.4 <0.05

NAFLD 8 1 5.4 0.2 ns

PBC 5 3 34 0.9 ns

Other 27 14 18.1 0.8 ns

All 100 67 67

Table 1b Liver related mortality by aetiology of CLD

Aetiology Fraction of Liver related mortality p value

CLD cohort (%) Observed Expected O/E

HCV - 50 9 22.0 0.4 <0.05

ALD 10 27 4.4 6.1 <0.05

NAFLD 8 0 3.5 0 ns

PBC 5 1 2.2 0.5 ns

Other 27 7 11.9 0.6 ns

All 100 44 44

Table 2

Centre Subjects | Liver related Relative | All cause mortality Relative
(n) outcomes risk risk

n %o

1 102 13 12.7 1.33 13 12.7 1

2 125 22 17.6 1.42 16 12.8 1.00

3 79 9 11.4 0.68 13 16.5 1.20

4 45 6 13.3 0.99 6 13.3 1.05

5 52 5 9.6 1 8 15.4 1.21

6 89 11 12.4 1.29 16 18.0 1.41

7 6 1 16.7 1.73 1 16.7 1.31

All 498 67 13.4 73 14.7
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(ii) Table 3 Logistic regression analysis with ELF as continuous variable

B SE. Wald df Sig. Exp(B) 95.0% C.1for EXP(B)
Lower Upper
> aeel 012 016 561 1 454 1012 981 1,044
abstinent 4.850 3 183
Light drinker -362 393 847 1 358 696 322 1.506
Moderate drinker -1.157 660 3.070 1 080 315 086 1.147
Heavy drinker 252 496 258 1 612 1.286 487 3.400
HCV 7.340 4 119
ALD 984 446 4.880 1 027 2,676 1.117 6.409
NAFLD -18.924 6286.991 .000 1 998 000 000 .
PBC,PSC,AIH -3 980 529 1 467 490 072 3.349
Others 167 481 121 1 728 1.182 461 3.031
responder(1) -810 820 977 1 323 445 089 2217
gender(I) 198 386 262 1 608 1219 572 2.596
Never smoked 1.892 2 388
Past smoker 677 514 1.732 1 .188 1.967 718 5.389
Current smoker 375 394 906 1 341 1455 672 3.152
Low ELF tertile 25.553 2 000
Mid ELF tertile 2172 630 11.895 1 001 8.777 2.554 30.160
High ELF tertile 4.495 889 25.553 1 000 89.604 | 15680 512.045
Constant -4.578 1.008 20.645 1 .000 .010
(iii) Table 4 Logistic regression analysis with ELF as categorical variable
B S.E. Wald df Sig. Exp(B) 95.0% C.1.for EXP(B)
Lower Upper
3’ Age yr) 010 o17 326 1 568 1010 977 1,044
abstinent 2293 3 514
Light drinker -.309 421 539 1 463 734 321 1.676
Moderate drinker -827 702 1388 1 239 437 Al 1.731
Heavy drinker 177 535 109 1 741 1.194 418 3.404
elf2 .779 119 42.902 1 .000 2.179 1.726 2751
HCV 3.610 4 461
ALD 742 474 2.449 1 118 2.100 829 5317
NAFLD -18.722 6357.686 .000 1 1998 .000 000 .
PBC,PSC,ATH -484 1.000 235 1 628 616 087 4.373
Others 092 497 034 1 853 1.096 414 2.905
responder(1) -.687 847 659 1 417 503 096 2.643
gender(1) 354 416 723 1 .395 1.425 630 3.219
Never smoked 2.606 2 272
Past smoker 698 561 1.546 1 214 2.010 669 6.038
Current smoker 637 428 2215 1 137 1.891 817 4378
Constant 2.494 994 6.300 1 012 083
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(iv) Table 5 Logistic regression analysis with biopsy as categorical variable

B S.E. Wald df Sig. Exp(B 95.0% C.l.for EXP(B)
Lower Upper
:)p age’ 023 018 | 1.638 1 201 1.023 088 1.060
abstinent 3.599 3 .308
Light drinker -.053 443 014 1 .905 .948 .398 2.258
Moderate drinker -1.240 897 | 1.911 1 167 289 .050 1.679
Heavy drinker 557 592 .884 1 .347 1.745 547 5.568
HCV 5.646 4 227
ALD 1.027 495 | 4.204 1 .038 2.792 1.057 7.373
NAFLD -18.409 | 6352.122 .000 1 .998 .000 .000 .
PBC,PSC,AIH -.470 .950 245 1 621 625 .097 4.026
Others .310 526 .348 1 555 1.364 486 3.823
responder(1) -1.891 1107 | 2919 1 .088 151 017 1.321
gender(1) 223 431 267 1 605 1,249 537 2.905
Never smoked 1.876 2 .391
Past smoker 691 623 | 1.228 1 268 1.995 .588 6.768
Current smoker 552 454 | 1.479 1 224 1.737 713 4227
Ishak 0-1 34.847 2 .000
Ishak 2-3 2.062 540 | 14.549 1 .000 7.858 2.724 22.666
Ishak 4-6 3.104 526 | 34.840 1 .000 22.276 7.948 62.430
Constant -5.208 1.137 | 20.976 1 .000 .005
B. PBC
(i) Table 6 Logistic regression analysis with biopsy as categorical variable
B SE Wald df Sig. Exp(B) 95.0% ClI for Exp(B)
Lower Upper
Low ELF tertile 26.345 2 .000
Mid ELF tertile 1.059 446 | 5634 1 018 2.885| 1.203 6.918
High ELF tertile 2.422 491 | 24.311 1 .000 11.273 | 4.304 29.529
age 015 .019 617 1 432 1.015 .978 1.052
(ii) Table 7 Logistic regression analysis with biopsy as categorical variable
B SE Wald df Sig. Exp(B) 95.0% Cl for Exp(B)
Lower Upper
age 018 018 | 1.014 1 314 1.018 983 1.054
Ishak 0-1 12.548 2 .002
Ishak 2-3 .591 502 1.390 1 .238 1.806 676 4.828
Ishak 4-6 1.602 526 | 9.279 1 .002 4962 | 1.770 13.908
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SECTION 2. Data from Continental European centres (n=404)

(i) Table 8 Follow up by Europe centre

State of follow up

Centre Active | Lost Discharged | Discharged | Death | Total

to other

hospital
1 (n) 25 9 8 1 3 46
Row % 54.3% 19.6% 17.4% 2.2% 6.5% | 100.0%
Col % 16.0% 4.0% 66.7% 50.0% | 30.0% 11.4%
2 (n) 39 35 4 1 1 80
Row % 48.8% | 43.8% 5.0% 1.3% 1.3% | 100.0%
Col % 25.0% 15.6% 33.3% 50.0% | 10.0% 19.8%
3 (n) 24 67 0 0 1 92
Row % 26.1% | 72.8% 0% .0% 1.1% | 100.0%
Col % 15.4% | 29.9% 0% 0% | 10.0% 22.8%
4 (n) 68 113 0 0 5 186
Row % 36.6% | 60.8% 0% 0% 2.7% | 100.0%
Col % 43.6% | 50.4% .0% 0% | 50.0% | 46.0%
Total (n) 156 224 12 2 10 404
Row % 38.6% | 55.4% 3.0% 5% 2.5% | 100.0%
Col % 100.0% | 100.0% 100.0% 100.0% | 100.0% | 100.0%
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(ii) Table 9 Values for available simple blood tests Continental Europe Centres (n=404)

INR Creat/U | ALT | GGT | AST | Gamm | Alb Bili Alk Plate
LN a glob Phosp | lets
Number 464 482 488 489 490 2 476 488 486 491
available
Mean 1.02 0.87 79.3 76.4 48.7 1.35 71.1 17.5 188 196
(SD) 0.1 (0.2) (86) (124) (58) (0.35) (108) (29.3) (164) | (66)
Median( IQR) 1 0.84 56 41 32 1.35 44.7 13 147 192
(0.95,1.1 | (0.95,1.1 | (30, (19,81 | 20, (1.1,1.6 | (41,47 | (9,17) (1052 | (152,
92) ) 55 ) ) 04) 237)
Range 0.6-1.65 | 0.4-1.8 4-809 | 3- 6- 6-851 24- .93- 43- 59-
(min-max) 1893 851 674 495) 1456 556

(iii) Table 10 Values for available serum marker tests Continental Europe (n=404)

HA P3NP TIMP1 Laminin | MMP2 MMP9_timp | Tenascin Coll 1V Coll
VI
Mean 75.8(12 | 6.0 714 19 617 487 425 150 4.4
(SD) 4) (5) (429) (20 (214) (266) (247 (82) (1.9
Median | 35.3 4.6 605 15 598 451 247 131 4.1
IQR (17,71) | (3,7.0) | (452,852) | (8,24 (479,735) | (309,627) (276,500) | (105,167) | (3.5)
Range | 1.9- 1.3-51 | 3.8-3004 | 0.6-270 | 3.9-1857 | 0.1-1853 83.8-2217 | 3.1-833 [ 0.6-17
1131
(iv) Table 11 Severity of liver fibrosis on biopsy (Ishak) by centre
(Continental Europe)
Centre | Baseline Fibrosis Score (Ishak) n (%) Total n
0 1 2 3 4 5 6
12 (15) | 15(19) | 15(19) | 12(15) | 7(9) 4 (5) 13(17) | 78
1
2/16(36) | 9(20) |7(16) 5(11) 3(7) 3(7) 2(4) 45
3120(25) | 19(24) | 12(15) | 8(10) 6 (8) 9(11) 5(6) 79
4 | 15(17) | 18(20) | 17(19) | 16(18) | 7(8) 8(9) 8(9) 89
5 |47 (26) | 28(16) | 26(14) |24(13) |16(9) 15(8) 24(13) | 180
Total 110(23) | 89¢19) | 77(16) | 65(14) | 39(8) 39¢8) 52(11) | 471
(%) within
Biopsy)
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Figure 1

ELF score by aetiology Age ,gender and response to treatment
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Table 12 Median values of ELF for gender, CLD aetiology, age group, responder to

treatment for centres in Continental Europe

Median IQR
(min-max range)
Gender Male 8.46 1/73 (5.56-12.80)
Female 8.41 1.82 (5.52-12.89)
Aetiology CLD CHC 8.52 1.68 (5.63-12.64)
ALD 10.41 2.43 (7.78-11.99)
NAFLD 7.98 1.69 (5.90-11.09)
PBC,PSC,AIH 8.87 1.54 (5.56-12.12)
others 8.26 1.78 (5.52-12.89)
Age group 19-34 v k] 1.41 (5.52-12.17)
35-44 8.02 1.57 (5.62-12.80)
45-54 8.47 1.86 (5.83-12.89)
55-64 8.97 1.74 (6.35-12.40)
>65 9.61 1.72 (7.37-12.64)
Responder to No/no treatment | 8.81 1.87 (6.61-12.50)
treatment responder 8.62 1.42 (5.56-11.71)
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C. Sensitivity analysis for all centres in Continental Europe

(i) Figure 2 Box plots of ELF by aetiology CLD, gender, Age, response to treatment (all

11 centres (n=902)
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(ii) Table 13 Mean (SD) values of ELF for gender, CLD aetiology, age group, responder

to treatment for All cen

tres

Median IQR

(min-max range)

Gender Male 8.55 1.55 (4.16-15.78)
Female 8.58 2.04 (5.66-16.67)

Aetiology CLD CHC 8.25 1.25 (5.88-12.83)
ALD 9.90 2.53 (6.95-16.67)

NAFLD 8.63 1.44 (7.16-10.84)

PBC,PSC,AIH 8.77 2.46 (5.84-13.31)

others 8.42 1.73 (4.16-14.89)

Age group 19-34 8.06 1.26 (5.56-13.06)
35-44 8.27 1.75 (4.16-14.89)

45-54 8.74 1.61 (5.66-14.37)

55-64 9.06 1.96 (5.84-16.67)

>65 9.61 2.10(7.01-13.31)

Responder to No/no treatment 8.72 1.91 (6.53-12.50)
treatment responder 8.60 1.58 (5.56-13.31)
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(iii) Table 14 Follow up destinations of patients in England and Europe

Centr | Lost | D/char LRO GP Medi | Mean Transpla | Non Lost | Tota
e to ge Death | (n) return | an Follow | nt(n) fatal toGP | |
(n) follw | (n) s ed follow | up LRO (n) (n)
up (n) (n) up | (SD) (n)
(n)* yrs
(rang
€)
UK 146 65 70 67 171719 | 7.0 6.53 6 17 12/17 | 498
) 8 (0.1- (1.87) 0
9.01)
Europ | 224 14 10 30 n/a 6.36 498 11 11 n/a 404
3 (0- (2.96)
4) 8.84)

(iv) Table 15 Sensitivity analysis (all data) Kaplan Meier Survival analysis

ELF tertiles by No of
score Total No | Events
1.00 379 6
2.00 502 76
3.00 18 14
Overall 899 96
No of
Biopsy Total No | Events
1.00 (0-1) 398 14
2.00 (2-3) 226 15
3.00 (4-6) 224 60
Overall 848 89
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Figure 3 Kaplan Meier curve of survival from liver-related outcomes for ELF tertiles (All
centres)
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Figure 4 Kaplan Meier curve of survival from all-cause mortality for ELF tertiles all centres
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Table 16 Cox Proportional Hazards model for liver related outcomes —All centres

95.0% CI for Exp(B)

B SE Wald df Slg EXp(B) Lower Upper
Low ELF
o 44.025 2 000
Mid ELF 1.546 489 9.995 1 002 4.695 1.800 12,246
tertile
g‘rtgikl‘e ELF 3.929 624| 39645 1 000 50.860 14969 |  172.798
gender 689 351 3.854 1 050 1.992 1.001 3.964
responder -306 634 233 1 629 736 213 2.549
HCV 8.364 4 079
ALD 875 375 5.452 1 020 2.400 1.151 5.004
NAFLD -.468 786 355 1 552 626 134 2.922
IITIBC’PSC’AI 007 554 000 1 990 1.007 340 2.982
Others 231 463 249 1 618 1.260 509 3.119
agel 020 012 2.626 1 105 1.020 996 1.046
abstinent 9.087 3 .028
Light drinker -.570 330 2.972 1 085 566 296 1.081
Moderate -1.135 .546 4314 1 038 321 110 938
drinker
Heavy 289 374 598 1 439 1.336 641 2.781
drinker
Never
N 2.133 2 344
Past smoker 513 376 1.857 1 173 1.670 799 3.489
Current 064 337 036 1 849 1.066 551 2.065
smoker
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Table 17 Logistic regression at 6 years follow up

B SEE Wald | df | Sig. | Exp(B) 95.0% C.I.for EXP(B)
Lower Upper
Age .012 018 447 1 .504 1.012 977 1.050
ELF .823 34| 37.643 | 1| .000 2.277 1.751 2.961
HCV 5.074 | 4| .280
ALD 933 .504 3420 1| .064 2.542 946 6.832
NAFLD -.126 900 .020| 1| .888 .881 151 5.139
PBC,PSC,AIH -.244 137 Jd10 1| .740 783 .185 3.319
Others 268 .594 2041 1| .652 1.308 408 4.191
gender(1) 762 473 2.593 | 1| .107 2.143 .847 5418
abstinent LSR8 =126
Light drinker -.767 453 2.865 1 .091 465 191 1.129
Moderate drinker -1.168 752 2415 1| .120 311 .071 1.357
Heavy drinker .223 .569 531 1] .696 1.249 410 3.809
Never smoked 4532 2| .104
Past smoker 1.043 .583 3204 1| .073 2.838 .906 8.891
Current smoker .905 481 3541 1| .060 2.471 963 6.339
responder -118 .839 020 1| .888 .889 172 4.603
Constant -2.992 1.107 7.303 1 .007 .050
Figure S ROC analyses at 6 years follow up
1.0 ——FEF
____ Biopsy -ishak
Reference Line
0.8
Sensitivity
0.6
0.4
0.2
0.0 T T T T T T
0.0 02 04 06 08 10
1 - Specificity
AUC 95% Confidence Interval
ELF .85 .806 .90
Biopsy flshak) 79 731 848
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Section C ELF Performance of Key Assays

Table 18 ELF Performance of Key Assays

Coefficient of
variation (%)
Assay Range Interassay ! total Min Linearity | Ref range
variation detectable | (%) (ng/ml)
Level mean+SD (no)
ng/ml)
P3NP 0-151 1.0-5.3 1.9-5.3 0.5 90.5- 5.84 £ 3.26(199)
100.1
TMP1 0-300 3.0-2.8 4.7-3.2 <2 98.5- 619 £ 111.7
101.8 225)
HA 0-1000 <10 10-12 5.07 94.7- 8.16 + 8.21 to
100.8 34.6+22.47(382)

The performance of each assay was determined using samples obtained from healthy donors of both sexes aged
18-75 years. The range, minimum detectable level and coefficient of variation presented for interassay variation
as well as total variation are shown. The results for linearity as the range of variation around 100%.
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APPENDIX 7: Data extraction form Prognostic study

PROGNOSTIC PERFORMANCE OF SERUM MARKERS OF
LIVER FIBROSIS

1. Date completed: D D/ D D/ I:l D

d d mm y Yy

2. Cause of Liver Disease

3. Date last known alive D D/ D D/ D D

4. Follow up status by your hepatology team(tick)

(5a) Currently under review by hepatology team D

(5b) Lost to follow up by hepatology team D Date -- --/-- ~-/-- --

(5¢) Discharged/transfer of liver disease care D
i. Date - --/-- ~-/-- -

ii. To which health professional (name & address)

e GP

e Hospital Consultant
e Other
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6. Liver biopsy AFTER RECRUITMENT TO STUDY

(if cirrhosis on biopsy look carefully for any signs of decompensation in notes)

Biopsy data

Date

Reason

Result

1.

no.portal tracts --------
Length (mm) -----------

Not available ---------
2.

no.portal tracts --------
Length (mm) -----------

Not available -----=---

7. Has the patient had any clinical signs of the following since recruitment?
Please tick if yes and give date of FIRST event

Varices

Variceal bleeding:

Ascites*

Encephalopathy

Hepatocellular Cancer

Cholangiocarcinoma

Other/comment:

]

]
]
]
]
]

Date

Date

Oo/oo/og
Oo/oo/ooc

e 001/00/00

Date

Date

Date

Oo/oo/og
no/oo/oo
Oo/oo/og

*please state which method was used to diagnose ascites:

Clinical Ultrasound

Paracentesis
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8 . Treatment

If Hepatitis C:
a. HCV anti virals used Yes D No D

b. Antiviral medication used

c¢. Date started Duration treatment mths
d. Outcome treatment i)Responder D SVR follow up time mths
ii)Non-responder I:I
iii)Relapser D treatment to relapse mths
If Hepatitis B:
e. HBV treatment Yes D No D
f. Antiviral medication used
g. Date started Duration treatment mths
h. Sero convert Yes D No D
If other liver disease:
1. Oral steroids Date started Duration treatment mths
j. URSO Date started Duration treatment mths

Other (liver disease relevant)
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9. Final outcome

- a) Death : Yes I:I No I:I

If Yes; Date of death I:l I:I/l:' I:I/I:I I:l

What was the cause of death?

Occurred since recruitment:

b) Transplant Yes I:I No|:| Date transplant

10. Summary of case (state liver disease and clinical condition at
recruitment and consequent course of disease)

Other comments
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APPENDIX 8 : GP QUESTIONNAIRE AND LETTER

University
of Southampton

ID study number:  [J[I[I[]

Predictive accuracy of serum markers of liver fibrosis study

Date questionnaire completed: ""/ ""/ ——
dd mm YY

Q1. When was the patient last known to be alive?
(e.g last surgery attendance/out-patients/blood test etc)

S A

dd mm Yy

Q2. Is this patient currently registered with your practice?

vis L[] ~o [

Q3. Has the patient had any complications of cirrhosis-ascites,

bleeding varices, encephalopathy hepatocellular carcinoma?

I

YES NO Don’t Know

If yes please giVe date of 1** episode recorded

Y A

dd mm YY

Thank yow very much for your time inv completing this
questiormnaire. Please return the questionnaire in the
pre~-paid exwelope provided.
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February 2007

Study title: Predictive accuracy of serum markers of liver fibrosis MREC 98/6/08

RE: Patient Name DOB

Dear Dr

We are conducting a study to evaluate the ability of non-invasive serum markers to predict
serious clinical outcomes in chronic liver disease. This would reduce the need for liver biopsy
and provide a valuable tool in the management of patients with liver disease. We are following
up patients recruited to a diagnostic study in 1998-2000 in which serum markers were
compared to biopsy. We have follow-up for mortality, but we need to ascertain whether they
have had any episodes of decompensated liver disease such as oesophageal variceal bleeding,
ascites, encephalopathy or hepatocellular cancer. We have MREC approval to review their
medical notes including those in primary care. The patient named above participated in the
original diagnostic study but has been lost to follow up by the recruiting centre and your
practice has been identified as the last practice in which they were registered. We would be
very grateful if you could review their notes and complete the very short questionnaire
attached to this letter. All questionnaires have been anonymised to maintain confidentiality.
Complete follow up on as many patients as possible is vital for a robust reliable result and we
would be very grateful for your help in this important study. We would be glad to answer any

queries you may have.

Yours sincerely

Dr Julie Parkes ~ MRC Clinical training Fellow/Lecturer Public Health Medicine
Tel: 02380 794206 jules@soton.ac.uk

Dr Paul Roderick Reader Public Health Medicine pjr@soton.ac.uk

Professor William Rosenberg Professor of Hepatology wmr@soton.ac.uk
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APPENDIX 9: PUBLISHED PAPERS & PRESENTED/ACCEPTED CONFERENCE
ABSTRACTS ARISING FROM RESEARCH IN THIS THESIS

Parkes J., Guha N., Rosenberg W., Roderick P. J Hepatol 44(2006) 462-474
Systematic review of panels of serum markers for liver fibrosis in Hepatitis C

I N Guha, J Parkes, P R Roderick, S Harris, and W M Rosenberg Gut 2006; 55: 1650-1660
Non-invasive markers associated with liver fibrosis in non-alcoholic fatty liver disease
(NAFLD)

IN Guha, J Parkes, P Roderick, and others. Non-invasive markers of fibrosis in non-alcoholic
fatty liver disease: validating the European Liver Fibrosis panel and exploring simple markers.
Hepatology 47(2): 455 - 460. February 2008

W.Rosenberg and J. Parkes. Biomarkers of Liver Fibrosis-The Enhanced Liver Fibrosis
Markers Clinical Laboratory International 2007

Conferences

*Presidential Poster (Top 10% abstracts)

*Presidential Poster. Annual Conference of American Association for the Study of
Liver Disease ELF serum markers accurately distinguishes fibrosis severity in primary
biliary cirrhosis: An external validation study. Parkes et al. Boston 2006

*Presidential Poster presentation. Annual Conference of American Association for the
Study of Liver Disease. ELF serum markers accurately distinguish fibrosis severity in
non-alcoholic fatty liver disease: An external validation study. Parkes et al. Boston
2006

*Presidential Poster presentation. Annual Conference American Association for the
Study of Liver Disease European Liver Fibrosis (ELF) panel of serum markers can
predict clinical outcome in a cohort of patients from England with mixed aetiology
chronic liver disease 2007 Parkes et al Boston 2007

*Award winning poster presentation. Analytical and clinical evaluation of the
Enhanced Liver Fibrosis panel W Rosenberg, J Parkes,et al Annual Conference of
Analytical Chemistry Chicago 2007

Poster presentation Annual Conference of American Association for the Study of the
Liver Systematic review of panels of surrogate non-invasive markers of liver fibrosis
in Hepatitis C. J Parkes et al. San Fransisco November 2005

Poster presentation Annual Conference of European Association for the Study of the
Liver Vienna 2006 Evaluation of ELF Serum markers of liver fibrosis in Chronic
Hepatitis C J. Parkes et al.

Poster presentation Annual Conference of American Association for the Study of the
Liver ELF serum markers accurately distinguish fibrosis severity in chronic hepatitis
C: An external validation study. Parkes et al. Boston 2006

Poster presentation Annual Conference of American Association for the Study of the
Liver Serum markers predict future clinical decompensation better than biopsy
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bilirubin or Mayo score in Primary Biliary Cirrhosis Mayo M., Parkes J. et al. Boston
2006

Accepted at conferences
¢ Annual Conference of British Society of Gastroenterology Birmingham March 2008:
Oral presentation European Liver Fibrosis (ELF) panel of serum markers can predict
clinical outcome in a cohort of patients from England with mixed aetiology chronic
liver disease

¢ Annual Conference of British Society of Gastroenterology Birmingham March 2008:
Poster presentation: Systematic review of the diagnostic performance of serum markers
of liver fibrosis in Alcoholic Liver Disease Parkes J; Guha IN; Harris S; Rosenberg
W; Roderick P;
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