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Abstract

The development of non invasive biomarkers of disease
has become a major focus of interest in nonalcoholic
fatty liver disease (NAFLD). The large prevalence of
the disease and the invasive nature of the investigation
means that screening with liver biopsy is impractical.
In addition to screening, the differentiation of those
with simple steatosis vs steatohepatitis and fibrosis is
clinically important as the prognosis of each differs.
Serum biomarkers may be a combination of simple
markers derived from large data sets or direct mark-
ers of disease activity. Serum markers of inflammation,
apoptosis and oxidative stress in addition to fibrosis
have been extensively studied in patients with NAFLD.
Other techniques such as transient elastography,
magnetic resonance elastography and acoustic radia-
tion force imaging are becoming more established as
noninvasive methods of detecting fibrosis in a variety
of chronic liver conditions in addition to NAFLD. Newer
high throughput methods such as proteomics and gly-
comics allow the nonhypothesis-driven identification of
novel markers and may also potentially contribute to
our understanding of the pathogenesis of the condition.
This review addresses some of the methodological is-
sues which need to be considered in the search for the
ideal biomarker. It is likely that a combination of serum
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biomarkers and techniques such as transient elastogra-
phy may provide the optimal diagnostic discrimination
however this remains to be proven in large studies.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The search for non invasive biomarkers is a
major focus of interest in the field of nonalcoholic fatty
liver disease (NAFLD). Though the diagnosis of NAFLD
is still a histological one, the dramatic rise in prevalence
and the spectrum of severity mean that liver biopsy
has become impractical for all. Both serum biomarkers
of inflammation and fibrosis and assessment of fibrosis
using techniques such as transient elastography may
have a role to play. Newer techniques (the “omics”)
may not only lead to novel biomarkers but also allow
better understanding of the pathophysiology of the
condition.
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INTRODUCTION

Ultimately 10% to 28% of nonalcoholic steatohepatitis
(NASH) patients develop cirrhosis and hepatocellular
' The criterion standard for diagnosis and
assessing progression of disease is liver histology, though
this has inherent limitations. Still, the decision “if or
when” to perform and repeat a liver biopsy in patients
with nonalcoholic fatty liver disease (NAFLD) remains

carcinoma
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Serum biomarkers and NAFLD
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Figure 1 Serum biomarkers of disease activity may measure inflammation, apoptosis, oxidative stress or fibrosis. This is a schematic representation of the patho-
physiological processes in nonalcoholic fatty liver disease (NAFLD), markers of which may be demonstrable in serum. LDL: Low density lipoprotein; IL: Interleukin; TBARS:

Thiobarbituric acid reactive substances; TIMP1: Tissue inhibitor of MMP 1.

controversial. The prevalence of the condition is such
that the resources needed to perform liver biopsy on
every patient with NAFLD would be enormous. Liver
biopsy often requires admission to hospital and sedation.
Risks include bleeding and very rarely death. For the
same reason, repeated biopsy is not a suitable tool for
regularly monitoring progression of disease or response
to treatment. In addition, biopsy samples only 1/50000
of the liver, raising the possibility of sampling error',
There has been much focus on the development and
validation of noninvasive biomarkers of NAFLD in
recent years. There is an urgent need for a less invasive
method than biopsy of screening the population, stratify-
ing disease severity and following disease progression.
This is particularly relevant in the paediatric population.
Many markers of inflammation, hepatocyte apoptosis,
fibrosis and oxidative stress are under investigation. The
European Association for the Study of the Liver special
topic conference on NAFLD called for a renewed focus
on noninvasive biomarkers of disease”. In common with
all biomarkers which are “biological markers of discase
presence and progression””, important characteristics in-
clude; sufficient sensitivity to identify those with disease,
specificity to exclude those without disease, cost-effec-
tiveness, ease of use and reproducibility. There are several
different approaches to the identification of biomarkers:
the first is the use of clinical or biochemical markers
that have been derived from large association studies.
The second is the use of algorithms including markers
of extracellular matrix turnover in the case of fibrosis
and inflammation/cell death in the case of inflammatory
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change. The third is the non-hypothesis driven new-tech-
nology based approach such as microarray techniques,
proteomics and glycornics[g’()] (Figure 1).

The pathophysiology and evolution of the particular
pathological condition is an important consideration in
the development and evaluation of biomarkers. In the
case of NAFLD; there are two potential targets. The first
is the differentiation of simple steatosis from steatohepa-
titis. This is important as the prognosis of those with
simple steatosis is different from those with NASH"".
The second issue is the identification of fibrosis stage.
This is the main determinant of prognosis and know-
ing the extent of fibrosis is useful in making treatment
decisions, in patient selection for treatment studies and
in monitoring progtession/regression. Most longitudinal
cohort studies in NAFLD have shown that prognosis is
determined by stage and rate of progression of fibrosis
rather than the presence of necro-inflammation>'",
Clinical importance lies with being able to differentiate
between no/minimal fibrosis (FO/F1), significant fibrosis
(F2), severe fibrosis (F3) and cirrhosis (F4).

METHOLOGICAL ASPECTS IN USE
OF NONINVASIVE BIOMARKERS OF
DISEASE

Important issues to be considered in the design and vali-
dation of any noninvasive markers include the inherent
limitations of liver biopsy as the criterion standard and
the differences in prevalence of different disease stages
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Table 1 Biomarkers for the diagnosis of nonalcoholic steatohepatitis (vs simple steatosis)

Biomarkers Study description Results Ref.
Simple markers Adults: 97 obese patients undergoing bariatric Algorithm using AST and presence of T2DM, AUC of 0.82 for [55]
surgery, 35 had NASH prediction of NASH
Adults: 80 NAFLD; 39 SS, 41 NASH Score using age, gender, AST, BMI, Hyaluronic acid, AST: ALT ratio. [56]
AUROC for NASH of 0.76
Adults: 200 patients undergoing bariatric surgery. 64 AUROC for NASH: 0.8 using a score composed of Hypertension, [53]
had NASH Diabetes, AST > 27, ALT > 27, Sleep apnoea, non-black race
Adults: 80 NAFLD; 39 SS, 41 NASH Score using age, gender, AST, BMI, Hyaluronic acid, AST: ALT ratio. [56]
AUROC for NASH of 0.76
Inflammation Adults: 57 NASH, 17 SS, 10 controls AUROC NASH with HOMA-IR and Adiponectin/Leptin ratio: 0.82 [32]
Adults: 26 NASH, 19 SS; 38 obese, 12 controls TNF-q, IL8, Age, ALT higher in NAFLD; TNF-o predictor [27]
Adults: 20 NAFLD, 30 obese Insulin resistance, ferritin, glutathione peroxidase, higher in NAFLD [23]
than obese
Adults: 80 NASH, 29 simple steatosis Lower Adiponectin, higher TNF-a, higher IR in NASH vs controls [30]
Lower Adiponectin, higher HOMA-IR in NASH vs SS

Paediatric: 36 training and 36 validation NAFLD AUROC for Adiponectin/ HOMA-IR as predictors of NASH: 0.79 [29]

AUROC for NASH using TNF-a was 0.91, Leptin: 0.8 combined: 0.96
Adults: 23 NASH, 21 SS, 18 controls IL6 and TNF-a, TNFR1 higher in those with NASH vs rest TNF-a, [35]

CCL2/MCP-1 higher and Adiponectin lower in NASH
Adults: 22 SS, 25 NASH, 30 controls [28]
Adults: 28 NAFLD, 33 controls, 30 obese Resistin linked to NAFLD severity, but not adiponectin, leptin or IR [33]
Paediatric: 59 NAFLD RBP-4 levels inverse relationship with NASH [57]
Algorithms

NASH test 257 patients (17% NASH) and 383 controls AUROC 0.79 for NASH. 13 variables: Age, Sex, Weight Height, TG, [58]

cholesterol, a2-macroglobulin, ApoA1l, Haptoglobin, AST, ALT, yGT,

bilirubin

NASH Adults: 101 NAFLD, 69 test, (32% NASH) 32 AUROC 0.91 for prediction of NASH. Sensitivity 96%, specificity70% [44]

Diagnostics validation with combination of CK18-M65, CK18-M30, resistin and adiponectin
NAFIC score Adult Japanese patients with NAFLD AUROC for NASH in test group 0.85. AUROC for NASH in validation  [59]

group 0.78. Variables: Ferritin, fasting insulin, type IV collagen S
177 test group (95 NASH), 442 validation group

Nice model Adults: 454 obese, 310 test, 154 validation Model: AUROC for prediction of NASH 0.88 in test and 0.83 [60]
HAIR Adults: 105 obese patients undergoing bariatric in validation set Algorithm: CK18-M30, ALT, presence of MS [50]

surgery, including 26 with NASH

Combination of Insulin resistance, Hypertension and ALT gives

sensitivity of 80% and specificity of 89% in prediction of NASH

BMI: Body mass index; AUROC: Area under the curve; NASH: Nonalcoholic steatohepatitis NAFLD: Nonalcoholic fatty liver disease; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; TNF-o: Tumor necrosis factor-a; CK: Cytokeratin; IL: Interleukin; HOMA-IR: Homeostasis model assess-

ment-insulin resistance; TG: Triglycerides.

(spectrum bias).

Variations in size of biopsy tissue, number of portal
tracts and fragmentation will all influence accuracy of
liver biopsy in determining the true stage of fibrosis as
described previouslym’ls]. In the case of NAFLD the de-
gree of steatosis and inflammation is assessed separately
to fibrosis and scoring systems such as the NASH activity
score is used to distinguish simple steatosis from steato-
hepatitis. Both intra and interobserver variability may also
significantly affect the score". Thus, the ability of nonin-
vasive biomarkers to differentiate between fibrosis stages
is limited by the criterion standard.

Some of these issues in terms of scoring variability
may be overcome using techniques such as collagen pro-
portionate area quantification, however the limitations of
a short or nonrepresentative biopsy remain.

The ideal outcome measure for any noninvasive bio-
marker is disease outcome over time, such as has been
reported by Parkes ¢ a/"”. Long-term outcomes (morbid-
ity/mortality/need for transplantation) are the optimal
measures, though are not feasible in shorter term studies.
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SERUM BIOMARKERS AND NAFLD

Large adult series have suggested scoring systems using
age, BMI, insulin resistance, aspartate aminotransfer-
ase/alanine aminotransferase (AST/ALT), platelet count
and albumin to differentiate mild from severe disease*"”
(Table 1). These simple markers are neither sensitive nor
specific enough in isolation™". A growing understand-
ing of the pathophysiology of the disease has allowed
the investigation of more specific, mechanism-based
biomarkers. These biomarkers focus on the specific path-
ways involved in the progression of the disease process:
hepatocyte apoptosis, oxidative stress, inflammation and

fibrosis™**! (Figure 2).

Markers of inflammation

Generic markers of inflammation such as ferritin and high
sensitivity C-reactive protein show an association with
NASH™. Adipokines and other cytokines have been
shown to correlate well with presence and severity of the
disease”. Tn particular, high serum levels of tumor ne-
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Approach to non invasive markers

Simple
Combination of
available data

Comparison to gold standard to develop and validate tools

Figure 2 An approach to using noninvasive markers of disease to assess severity of disease in nonalcoholic fatty liver disease.

crosis factor-or (INF-a) and low levels of adiponectin are
associated with greater degree of liver damage®” ™. Other
adipocytokines; visfatin and leptin may be useful predic-
tors of disease though there is inconsistent evidence™!,
Lemoine ¢f a™ found that the adiponectin: leptin ratio in
combination with homeostasis model assessment insulin
resistance index gave an area under the receiver operating
characteristic (AUROC) curve of 0.82 for prediction of
disease. Resistin was shown by Pagano ¢ a/”” to correlate
to severity of NASH in a study of 91 patients, but in an-
other study was found to be lower in children with NASH
vs simple steatosis” . Intetleukin (I1)6 and I8 have also
been studied and found to have an AUROC of 0.8 for the
prediction of NASH™ . The results of circulating levels
of adipokines as predictors of disease are inconsistent
however and may not be sensitive or specific enough to
act as robust biomarkers in isolation.

Markers of cell death

Matrkers of apoptosis/cell death have been shown to
be very useful in differentiating simple steatosis from
NASH"", The extrinsic (death receptor mediated) and
intrinsic (organelle initiated) cell death pathways convene
at the mitochondria with permeabilisation of the mito-
chondrial outer membrane and release of proteins from
the mitochondrial inner membrane into the cytosol™.
Activation of caspase 3 results in cleavage of cytokeratin
18 (CK18) which is a major intermediate filament in hepa-
tocytes. CK18-M30 fragments have recently been shown
by a number of studies to correlate well with severity
of NASH™ ™. A two step approach using CK-18 and
FGF21 further improves accuracy in diagnosing NASH in
one study™, CK18-MG65 levels (antibodies which recog-
nise uncleaved CK18) are used as biomarkers of total cell
death™ and in one study had equal AUROC to CK18
M30 (0.8) in detecting NASH. Changes in the biomarkers
also correlated with histological progression™.
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Markers of oxidative stress

Markers of oxidative stress including lipid peroxida-
tion products, may also be useful biomarkers of disease.
However these substances are relatively volatile and not
always easily measured in serum. The relative importance
of mitochondrial, peroxisomal, CYP450, Nitric oxygen
synthetase and myeloperoxidase pathways is not yet
known*. Malonaldehyde, thiobarbituric acid reactive
substances (TBARS) and oxidised low density lipoprotein
(LDL) have all been measured as markers of oxidative
stress in patients with NASH but with some conflicting
results'"*. The interaction of molecules such as oxidized
LDL and TBARS with stellate cells may be important in

promoting fibrosis™”.

Predictive models to distinguish NASH from simple
steatosis

A number of predictive models to differentiate ecither
NAFLD from obese controls or simple steatosis from
NASH have been developed and validated. Tools include
the HAIR score (Hypertension, ALT, insulin resistance)
which gives an AUROC of 0.9™ and the NashTest” (con-
sisting of 13 variables including weight, triglycerides, glu-
cose, oi2-macroglobulin and apolipoprotein A) which has
an AUROC of 0.79 for differentiation of NASH from
simple steatosis”". When the NashTest" is combined with
the SteatoTest" (10 variables including simple blood tests,
age, gender and BMD)™ and the Fibrotest” into what is
known as the Fibromax" panel, the diagnostic accuracy
improves further™. Campos describes a NASH clinical
scoring system using AST, hypertension, presence of type
2 diabetes, ALT, obstructive sleep apnoea and non-black
ethnicity. This system has an AUROC of 0.75 for diag-
nosis of NASH™. NASH diagnostics uses a combina-
tion of CK 18-M30 and M65 levels with adiponectin and
resistin values to give an AUROC of 0.91 in the test and
0.73 in the validation groups. A recent meta-analysis has
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evaluated the performance of the NashTest” and ActiT-
est” for the diagnosis of NASH in 494 obese patients
with a prevalence of NASH of 17.2%. The weighted
AUROC was significant for the diagnosis of NASH at
0.84 (0.82-0.86, P < 0.0001)"*".

NONINVASIVE SERUM BIOMARKERS
AND FIBROSIS

It is the severity and rate of progression of fibrosis rather
than inflammation per se that determines outcome in the
majority of cases”". The importance of staging disease
in the context of fibrosis across liver disease in general is
thus manifold. Firstly in the development of treatment
decision algorithms; this is particulatly relevant in adult
viral hepatitis. Secondly functional tests may be even bet-
ter than biopsy or measurement of hepatic vein pressure
gradient in predicting outcome and thus planning appro-
priate follow up and services” ™. Finally the diagnosis of
cirrhosis is important so that surveillance for varices and
hepatocellular carcinoma may be instigated. These issues
are clearly applicable across the spectrum of chronic liver
disease, not alone NAFLDP*.

NONINVASIVE MARKERS OF FIBROSIS
IN NAFLD

Demographics and simple blood tests
Noninvasive markers of fibrosis may consist of simple
bedside tests or indices which have been studied in large
cohorts of patients with liver disease. These include the
AST to platelet ratio index, the AST to ALT ratio'®,
FIB-4" and the Forn’s index®. These tools have also
been validated in the NAFLD population with AUROC
between 0.67-0.86 for differentiation of severity of fi-
brosis'>*". Algorithms of simple markers derived from
logistic regression analysis of large cohorts with NAFLD
are also described. The BAAT score (consisting of BMI,
ALT, age and triglyceride levels) has an AUROC of 0.86
for prediction of no fibrosis, 0.75 for F2, 0.92 for F3 and
0.81 for cirrhosis in NAFLD', The BARD score (BMI,
AST/ALT ratio, diabetes) was developed in a cohort of
827 patients with NAFLD and was found to be useful
in excluding patients without advanced NAFLD!"*,
Other panels of markers specific for NAFLD include the
NAFLD fibrosis score (incorporating presence of diabe-
tes, AST, ALT, BMI, platelets and albumin) giving an AU-
ROC of 0.88 for advanced fibrosis"”. This was validated
by Shah e# 4l with an AUROC for advanced fibrosis of
0.77 and by McPherson ef a/* with an AUROC of 0.84.
It has also been validated in Chinese”” and bariatric sut-
gery cohorts". In a recent meta-analysis the AUROC for
the NAFLD fibrosis score was found to be 0.85 with a
pooled sensitivity of 90% and specificity of 97% ),
Fibrometer™ incorporating age, weight, fasting glu-
cose, AST, ALT, ferritin and platelets has been validated
in a NAFLD populationw. The test demonstrates an
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AUROC of 0.94 for significant fibrosis, 0.9 for severe
fibrosis and 0.9 for cirrhosis.

The HAIR algorithm combines presence of systemic
hypertension, elevated ALT and insulin resistance and has
a sensitivity of 80% and specificity of 89% for NASH in
patients undergoing bariatric surgery™”. The FIB-4 score
has an AUROC of 0.8 for advanced fibrosis in 541 pati-
etns with NAFLD™,

BIOMARKERS OF FIBROGENESIS/
EXTRACELLULAR MATRIX TURNOVER

Other biomarkers measure the degree of extracellular
matrix (ECM) turnover. Using such ECM markers is a
more direct method of assessing fibrogenic activity, and
will tend to measure a dynamic process rather than a
static one. Hyaluronic acid is one of the most validated
markers of fibrosis in liver disease, synthesised by stellate
cells and metabolised by sinusoidal endothelial cells”>"™,
Hyaluronic acid was found to be an accurate marker of
fibrosis in NAFLD"*".

Combinations of both clinical markers and ECM
turnover include the FibroTest"™*”, an algorithm of 13
markers derived from regression analysis including hap-
toglobin, a.2-macroglobulin, apolipoprotein A1, bilirubin,
y-glutamyl transpeptidase, age and gender. It has an AU-
ROC of 0.84 for advanced fibrosis in NAFLD".

The European Liver Fibrosis test (ELF)™ combining
hyaluronic acid, procollagen Il N-terminal peptide and
TIMP1 was first derived by Rosenberg ez al™ in a cohort
of over 1000 patients with chronic liver disease including
NAFLD and has since been validated in other NAFLD
cohorts with the addition of several simple markers

to improve accuracy[sm. Importantly this test has been
[15]

shown to correlate well with outcome
Table 2 summarises previous studies investigating se-
rum biomarkers of fibrosis in NAFLD®"*",

NONINVASIVE BIOMARKERS IN
PAEDIATRIC LIVER DISEASE

Biomarkers of NAS and fibrosis have also been reported
by a few paediatric studies as referenced below. These
studies are relatively limited by the size of the cohorts
involved and are mostly validation of adult biomarkers.

NASH vs simple steatosis

The following studies report predictors of NAFLD us-
ing routine clinical parameters in cohorts of obese chil-
dren. Sartorio ez al” reported a multivariate analysis of
267 obese children and found that BMI Z-score, ALT,
uric acid, glucose and insulin were useful predictors of
NAFLD. Mandato reported insulin resistance, ferritin,
C-reactive protein and glutathione peroxidase as good
discriminators of those with NAFLD from those without
in a cohort of obese children™. Neither of these studies
used a histological diagnosis of NAFLD.
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Table 2 Summarises previous studies investigating serum biomarkers of fibrosis in nonalcoholic fatty liver disease

Biomarkers Cohort Results Ref.
FibroTest®: a2macroglobulin, 267 patients AUROC = F20.8, = F3 0.88 [81]
Apolipoprotein A1, Haptoglobin, yGT,
Bilirubin
NAFLD Fibrosis score: Age, BMI, 733 patients AUROC = F30.88 [16]
Hyperglycaemia, Platelets, Albumin, 331 patients AUROC = F3 0.82 [71]
AST/ALT 162 patients AUROC = F3 0.64 [70]
91 patients AUROC = F30.89 [80]
92 patients AUROC = F30.74 [18]
235 patients AUROC = F20.88 [67]
138 patients AUROC = F30.68 [69]
246 patients AUROC = F20.62, = F30.75 [82]
588 patients AUROC = F30.85 [59]
541 patients AUROC = F30.77 [65]
145 patients AUROC = F3 0.81 [66]
BARD: 827 patients AUROC = F3 0.81 [18]
BMI, AST:ALT ratio, DM 246 patients AUROC = F20.59, = F3 0.64 [82]
138 patients AUROC = F30.67 [69]
541 patients AUROC = F3 0.7 [65]
145 patients AUROC = F3 0.77 [66]
ELE™ 192 patients AUROC = F10.76, = F2 0.82, = F3 0.9 [80]
Hyaluronic acid, PNP, TIMP1 91 patients (plus simple markers) AUROC = F10.84, = F20.93, = F3 0.98 [80]
121 paediatric patients AUROC = F10.92, = F20.98, = F3 0.99 [83]
FibroMeter™: 235 patients AUROC = F20.94, = F3 0.94 [67]
APRI 111 patients AUROC advanced fibrosis 0.85 [84]
541 patients AUROC = F30.73 [65]
145 patients AUROC = F3 0.67 [66]
235 patients AUROC = F30.87 [67]
AST:ALT ratio 541 patients AUROC = F30.74 [65]
145 patients AUROC = F3 0.83 [66]
BAAT: 93 patients AUROC = F10.86, = F20.9 [68]
BMI Age ALT Triglycerides
FIB-4: 541 patients AUROC = F30.8 [65]
Age, AST, platelets, ALT 145 patients AUROC = F3 0.86 [66]

ELF™: European liver fibrosis score; HA: Hyaluronic acid; PIINP: Procollagen Il amino peptide; TIMP: Tissue inhibitor of MMP; BMI: Body mass index;
HOMA-IR: Homeostasis model assessment- insulin resistance; PT: Prothrombin time; AUC/ AUROC: Area under the curve; F1-F4: Fibrosis score; TE: Tran-

sient elastography; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

Adipocytokines have been investigated in a number
of studies. Manco ef @/*” found that TNF-q and leptin
were significantly different in groups of children with
NAS = 5 and NAS < 5% Louthan ez a/”” also used
an adipocytokine profile to discriminate steatohepatitis.
Other markers include retinal binding protein-4"" and
Fetiun A™ both of which have been shown to reliably
distinguish NASH from simple steatosis/simple obese
controls in paediatric studies.

Alisi ez a/™ investigated both endotoxin and plasmin-
ogen activator inhibitor 1 (PAI-1) levels in serum of 40
children with NAFLD and 9 controls and with multivati-
ate analysis found that endotoxin (P < 0.0001) and PAI-1
(P = 0.009) were significantly higher in patients with
a histological score of NAS = 5. Our group has also
reported that the CK18-M30 fragment level is a good
discriminator of NASH s simple steatosis™ following
on from the validation of the marker in a large group of
adult patients with NAFLD"",

Noninvasive biomarkers of fibrosis in paediatric NAFLD
As with adult studies, the noninvasive diagnosis of fibro-
sis (rather than necro-inflammatory change) in NAFLD
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is considered separately. It is important to acknowledge
that the different distribution of fibrosis in paediatric
patients may affect the validity of applying measures de-
rived from adult cohorts to this population.

Tacobellis ez al™” reported a cohort of 69 children
with NAFLD, 60% of whom had fibrosis. They found
that BMI was the only significant predictor of fibrosis
with multivariable analysis of simple clinical parameters.
BMI had an odds ratio of 5.85 for predicting presence of
fibrosis. Manco e# al”” found waist circumference as a sig-
nificant predictor of fibrosis in a cohort of 197 children
with NAFLD (OR = 2.4, 95%CI: 1.04-5.54). In both
these studies the number of children in the F2-F4 groups
was small.

Nobili e a/” developed and internally validated the
pediatric NAFLD fibrosis index (PNFI) in 136 children
with NAFLD. Logistic regression analysis of gender, age,
BMI, waist circumference, ALT, AST, yGT, albumin, pro-
thrombin time, glucose, insulin, cholesterol and triglyc-
eridesa were used to develop a predictive model called
the paediatric NAFLD with an AUROC for detection of
fibrosis was 0.85. Again this study was limited in view of
small numbers in fibrosis groups F2-F4.
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The ELF™ test was evaluated by Nobili ez 2/*” in
122 children with NAFLD. Simple markers including
age, waist circumference and triglycerides were added to
improve diagnostic accuracy. Excellent AUROC for any
(0.92), significant (0.98) and advanced (0.99) disease were
achieved. In this cohort 37 (30%) had no fibrosis, 58
(48%) scored as F1, 9 (7%) as F2, and 8 (6.5%) as F3-F4.
Alkhouri ez al™ developed this further and validated both
the PNFI and ELF™ in a cohort of 111 children with
NAFLD (69% with fibrosis). The area under the curve for
presence of fibrosis was 0.76 for PNFI, 0.92 for ELF™
and when the two indices were combined: 0.94. The major
issue in both studies was the skew towards no or minimal
disease, potentially overestimating the accuracy of the test.

NONINVASIVE BIOMARKERS AND
IMAGING

Ultrasound, computed tomography and magnetic
resonance imaging

Ultrasound (US) has a high sensitivity and specificity for
diagnosis of steatosis > 30%, but is not good at detect-
ing fibrosis. Because of the low cost, the absence of
radiation exposure and the wide availability, US is often
used in screening for NAFLD. The accumulation of fat
causes the liver to appear hyperechoic compared with the
kidney. This finding is nonspecific and does not differen-
tiate fat from other substances such as glycogen. When
compared with histological findings, the sensitivity of US
to detect fat infiltration below 30% of the liver is low' .
Computed tomography (CT) is rarely used for the assess-
ment of NAFLD in children because of its ionizing ra-
diation exposure. Magnetic resonance imaging (MRI) and
spectroscopy are the imaging techniques with the greatest
accuracy to determine hepatic fat content in studies of
both adults and children”™. Aside from liver fat, how-
ever, other features of NASH cannot be assessed. Other
methods include MR elastography which visualises and
measures propagating shear waves and has a high sen-
sitivity (> 85%) and specificity (> 90%) for fibrosis'",
Cost of this technique may be preclusive however.

For diagnosis of NASH, lijima e# al™" have reported
on the use of contrast ultrasound with Levovist with
an AUC of 1.0. The decreased accumulation of micro-
bubbles with advancing degree of fibrosis is unique to
NAFLD.

Two recent reports have examined the use of acoustic
radiation force-based shear stiffness in NAFLD, an ultra-
sound based investigation which correlates well with the
stage of fibrosis in the condition ",

TRANSIENT ELASTOGRAPHY

Transient elastography (Fibroscan®) has been shown to
be a useful method for detection of liver fibrosis. This
technique uses both ultrasound (5 MHz) and low fre-
quency (50 Hz) elastic waves with a propagation velocity
directly related to the stiffness of the liver; Ze., the stiffer
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the medium, the faster the wave. The low frequency vi-
brations are transmitted to the skin by placement of the
probe at the intercostal space where a liver biopsy would
be performed. A shear wave is induced which propagates
into the liver. The wave passes through tissue 2.5-6.5
cm below skin surface, (in those 0 to 7 years a modified
probe which can measure 2.5-5.5 cm is used). A pulse-
echo acquisition is then used to measure the propagating
wave’s velocity which is proportional to tissue stiffness
represented by the equation for Young’s elastic modulus
E (3]502) (p = density, » = shear velocity). Machine based
software determines whether each measurement is suc-
cessful or not. Requirements for accurate evaluation of
liver stiffness include an interquartile range of +/- 30%
of the median value and ratio of successful measure-
ments to the total no of acquisitions > 60%.

Transient elastography (TE) has been well validated
and was the subject of a recent systematic review of 50
studies which concluded that Fibroscan® has excellent
diagnostic capability across different liver diseases for
cirthosis"". There was some variability for diagnosis of
lesser degtees of fibrosis.

TE IN NAFLD

In NAFLD, a number of studies have demonstrated the
efficacy of TE in distinguishing severity of fibrosis. In a
study of 246 adults with NAFLD, TE had an AUROC of
0.84, 0.93 and 0.95 in distinguishing significant fibrosis,
severe fibrosis and cirrhosis respectively[szl. A Japanese
study demonstrated similar results”. A recent report
of 52 children with NAFLD has shown an AUROC of
0.977, 0.992 and 1 for distinguishing any, significant and
severe fibrosis""". Feasibility and reproducibility of tran-
sient elastography is an issue when patients have a BMI

> 30" An XIL probe is now available for better ac-
[

curacy in this scenario ™" demonstrating reliable mea-
surements in 73% using the XI. probe »s 50% with the S
probe!”,

Acoustic radiation force impulse imaging

This is a technology similar to TE in which a region in
the liver is targeted and using real-time B-mode ultra-
sound imaging, the measured shear wave speed is ob-
served at several locations and quantified. Tracking beams
are applied adjacent to the push pulse path until the pass-
ing shear wave front is detected. The time between the
generation of the shear wave and the detection of the
peak is used to compute shear wave velocity. Again, this
should be proportionate to stiffness of the tissue. This
technique has the relative advantage of being able to se-
lect an appropriate area for analysis. It is emerging as an
effective tool for differentiation of no/mild fibrosis from
more severe fibrosis in patients with NAFLD!""™"" with
an AUROC of 0.9 in one study'"".

MR ELASTOGRAPHY

MR may be useful in detection of steatosis as above
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however the differentiation of patients with advanced
disease from those with simple steatosis requires assess-
ment of fibrosis. Similarly to transient elastography, MR
elastography (MRE) may be a useful tool in this regard.
Kim ez al''? report a comparison of MRE to 6 laboratory
based models of fibrosis in 142 patients with liver biop-
sy-confirmed NAFLD. The cut off for advanced fibrosis
in this cohort was 4.15 kPa with an AUROC of 0.954, a
sensitivity of 0.85 and specificity of 0.929. They found
that MRE could potentially be a useful tool but did not
meet the sensitivity or specificity of the NAFLD fibrosis
score ot the FIB-4 score.

Chen ef /' studied 58 patients with NAFLD and
found that liver stiffness using a threshold of = 2.74
kPA could differentiate patients with NASH from simple
steatosis with a sensitivity of 94% and a sensitivity of

73% (AUROC 0.94).

NONHYPOTHESIS DRIVEN SEARCH
FOR NOVEL BIOMARKERS USING NEW
TECHNOLOGIES

The use of relatively new, high throughput techniques
such as proteomics, glycomics and microarray studies in

the derivation of panels of biomatkers associated with a
disease may also give an insight into pathophysiology of
the condition.

MICROARRAY ANALYSIS

Younossi e al'™? found 34 different expression of genes

in those with NASH s controls. Four were confirmed us-
ing real time reverse transcription PCR. Sreekumar ¢f a 113
found 16 genes expressed differently in NASH-associated
cirrhosis #s other aetiologies; mainly genes which were

involved in the anti-oxidant response as well as fat and
carbohydrate metabolism. Yoneda ez a/'' performed
a microarray analysis of NASH »s simple steatosis and
found expression of 27 genes at higher levels in NASH.
The upregulated gene sets included those responsible for
the platelet derived growth factor, hepatic nuclear factor
3 and the smad4 pathways.

PROTEOMICS

Proteomic studies use pattern recognition with subtrac-

tion. Several previous studies have reported different
protein peaks in the serum of those with NASH »s simple

117,118 . . . .
(7. ]. Two 1mportant pfOtCOl’l’llC studies using

steatosis
liver tissue and serum respectively of adult patients with
and without NAFLD revealed an increased expression of
lumican, (a keratan sulphate proteoglycan involved in colla-
gen cross-linking and epithelial-mesenchymal transition) in
patients with NASH »s normal and simple steatosis' ",
Yu et a/”" used proteomics to demonstrate that higher

baseline haemoglobin values were associated with the
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development of NAFLD in a prospective study of 6944
subjects.

GLYCOMICS

Glycosylation is the post-translational modification of

secreted proteins with carbohydrate moieties conveying
structural diversity and with a possible role in protein
folding and in cell to cell interaction including migra-

[122,123

tion, solubility and receptor attachment . Changes in
glycosylation serve as a particularly good marker of liver
dysfunction for a number of reasons. Most glycoproteins
in serum (aside from IgG) are made in the liver. Thus,
the N-glycome profile will reflect any changes in either
the liver or B cell function. In addition, both the asialo-
glycoprotein receptor and the mannose/O-linked beta-
N-acetylglucosamine receptor in liver are important in
clearing aberrantly glycosylated proteins from the serum.
In the presence of architectural disarray, these receptors
are decreased in number and thus there is a build-up of
glycoproteins in serum!*!, With a systems biology ap-
proach to the analysis using high-throughput technology,
serum NN-glycomics may prove to be valuable biomarkers
of disease.

Previously reported glycomic analysis of liver disease
include the development of the GlycoCirrhotest“zﬂ, the
GlycoFibrotest'™] and the GlycoHCC test'™”” which
can predict the presence of cirrhosis, fibrosis and he-
patocellular carcinoma respectively due to difference in
N-glycome patterns. Two recent studies have investigated
the potential of Glycomics in non-invasive evaluation of
NAFLD[IZS—‘I}O].

Glycomics was also demonstrated to have a tole n
biomarker discovery in paediatric NAFLD™",

CONCLUSION

In view of the high prevalence of NAFLD in the popu-
lation, in both adults and children, and the fact that up
to a one third will develop end stage liver disease and/or

hepatocellular carcinoma, it is important that we develop
noninvasive methods to diagnose and monitor this liver
condition. A differentiation needs to be made between
those with advance disease/or are at tisk of developing
advanced disease from those who have simple steatosis
and are unlikely to progress. Liver biopsy is not a practi-
cal tool for this mass screening though the disease is still
defined histologically. Noninvasive biomarkers either in
blood or imaging techniques show promise in this con-
text and in many centres are used routinely. It is possible
that a combination of blood biomarkers with methods
such as transient elastography or acoustic radiation force
impulse may yield the highest diagnostic discrimination.
New techniques such as proteomics and glycomics may
not only allow development of novel markers but also
allow us a better insight into the pathophysiology of the
condition.
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