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SUMMARY

The diagnosis of fibrosis within liver disease is important for prognosis, stratification for
treatment, and monitoring of treatment efficacy. The rising incidence and prevalence of non-
alcoholic fatty liver disease (NAFLD) has driven the search for accurate non-invasive tools of liver
fibrosis within this condition. With the aid of a systematic review, we explore how the field has
evolved from the discovery of simple blood parameters to panel markers of liver fibrosis. We will
discuss the biological plausibility, limitations, potential uses, and emerging diagnostic techniques
of non-invasive markers in this rapidly expanding field.
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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. Histologically,
NAFLD is a spectrum of disease from simple fatty deposition (steatosis), to necroinflammation in
zone 3 in association with ballooning degeneration (non-alcoholic steatohepatitis (NASH)), to
periportal and/or perisinusoidal fibrosis, to cirrhosis. The natural history is varied; at the early
stages of disease the majority remain stable at the same histological stage and grade, a proportion
however will progress to cirrhosis (there is variation in the rate of progression), and finally some
will have regression of disease.

Liver biopsy is seen as the ““gold standard”. Its value in revealing the relationship between
inflammation and fibrosis and the presence and relative contribution to other aetiologies should
not be underestimated. However, significant limitations to biopsy exist. In large studies, pain is a
significant issue in 20% of cases and severe complications have been reported to occur in 0.57%.*
The biopsy may represent only 1/50 000th of the liver, and sampling error has been shown to be
an issue in a variety of liver diseases, including NAFLD.’ All staging systems in widespread use
share common failings that have been discussed at length.* > Principal of these is the imposition
of categorical variables in an ordinal scale, using pathological scoring systems, on a process that is
a continuous variable. In addition, regular quantum progression of stages of fibrosis imposes
linearity on the staging of fibrosis that is likely to be artificial. Hence stage 2 fibrosis (F2) is
neither twice the severity of stage 1 (F1) nor half the severity of stage 4 (F4). Greater degrees of
standardisation and a continuous measure of fibrosis can be obtained by using automated image
analysis but these systems are costly, laborious, and they have not been fully validated.
Furthermore, they remain dependent on liver biopsy.

Non-invasive markers of liver fibrosis have been most extensively studied in the context of
hepatitis C. There has been considerable interest in extending this work into the field of NAFLD
because of the increasing prevalence of disease. The presumptive diagnosis of NAFLD is rapidly
becoming the commonest cause for referral to hepatology outpatient clinics. Currently,
identification of severe disease is dependent on liver biopsy. As it is not practical to biopsy
every patient with suspected NAFLD, patients are often stratified and selected for biopsy on the
basis of transaminases and clinical and anthropometric parameters. This may result in
underestimation of significant disease. Identification of individuals with fibrosis in NAFLD
may be important for a number of reasons. Firstly, recent long term studies suggest that
development of fibrosis within NAFLD has an important prognostic significance.®” Secondly, once
fibrosis is identified it may increase the imperative for patients to implement major lifestyle
changes and clinicians to monitor the response to intervention. Finally, pharmacological
treatments are currently being evaluated in NAFLD, largely in the context of randomised
controlled clinical trials, but if successful agents are found it will be important to have identified a
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target population that can be potentially treated. We have
therefore performed a systematic review to assess the
performance of non-invasive markers to assess liver fibrosis
in NAFLD.

METHODS

A systematic literature search was performed to ascertain

studies measuring fibrosis by non-invasive markers in

NAFLD. Sources searched included:

» Electronic databases 1996—October 2005: Cochrane Library
2005, MEDLINE, and EMBASE using a search strategy
(available from authors) derived from the literature.®”’
Search terms were added following initial searches as
appropriate.

» Reference lists from relevant articles.

Inclusion criteria

Studies were included if:

» they were systematic reviews, meta-analyses, or primary
studies of one or more non-invasive markers;

» they used liver biopsy as a reference standard;

» they included >30 participants (as smaller studies will be
underpowered to produce precise estimates of test
performance);

» alcohol consumption of subjects was stated and a reason-
able attempt was made to exclude patients with other
causes of liver disease (for example, alcohol and viral
infections).

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

Exclusion criteria

Studies were excluded if:

» data on fibrosis stage(s) were not extractable;
» data were presented only in abstract form;

» publications were not in English.

Data extraction strategy

Data extraction was undertaken by one reviewer (NG) and
checked by a second reviewer (JP), with any disagreements
being resolved through discussion. A third reviewer was
consulted (PR) to resolve persisting issues. Information
collected included patient demographics, test assay details,
background prevalence of fibrosis severity, risk factors,
histological parameters, statistical methods used, and test
performance characteristics. Where data was available, 2 x2
contingency tables were constructed to determine diagnostic
accuracy statistics (for example, sensitivity, specificity, and
predictive values) or odds ratios presented as a measure of
association.

Quality assessment strategy

The quality of the included studies was assessed using a
modified quality assessment of diagnostic accuracy studies
(QUADAS) tool (see appendix 1)."

Study characteristics
The electronic search yielded 1781 abstracts which were read
in full. Forty seven full papers were retrieved of which 18
were excluded, leaving 29 studies in separate populations to
be included in the review. The majority of studies satisfied all
of the criteria of the QUADAS tool (see appendices 1 and 2)
but there was heterogeneity in the methods used for patient
selection, histological scoring, and data analysis.

The demographics of patients included in the final analysis
are shown in table 1. The prevalence of severe fibrosis (grade

3-4) ranged from 9% to 43% (median 22.5%). Body mass
index (BMI) in the studies ranged from 26 to 60 kg/m?
(median 31); five studies recruited from patients undergoing
bariatric surgery. The cut off for alcohol consumption varied
among studies but the majority excluded patients consuming
>200 g/week (approximately 25 units/week). Only seven
studies included details of length of biopsy specimen or
number of portal tracts.

Three studies combined non-invasive markers to produce a
diagnostic algorithm in association with specificities, sensi-
tivities, predictive values, and/or area under the receiving
operator curve statistics. The remaining studies investigated
the association of individual variables with severe fibrosis
versus moderate fibrosis (17 studies), moderate fibrosis
versus mild fibrosis (four studies), any fibrosis versus no
fibrosis (seven studies), and no fibrosis versus moderate
fibrosis (one study).

VARIABLES ASSOCIATED WITH FIBROSIS

Variables associated with fibrosis can be subdivided into five
groups (table 2):

» sociodemographic and anthropometric,

simple liver biochemistry and haematology,

features of metabolic syndrome and glucose sensitivity,
fibrosis markers, and

miscellaneous markers.

vvYyvYyYy

BIOLOGICAL PLAUSIBILITY OF NON-INVASIVE
MARKERS

The variables most commonly associated with fibrosis are:
presence of diabetes, increasing age, increased homeostatic
insulin resistance (HOMA-IR), increased aspartate amino-
transferase/alanine aminotransferase (AST/ALT) ratio,
decreased platelets, hyaluronic acid, and BMI.

Each of these markers has biological plausibility. In
NAFLD, age at biopsy is a reflection of probable duration of
exposure to risk (for example, to obesity and/or insulin
resistance) and there is emerging evidence that the fibrotic
response itself may be more exaggerated with increasing age;
a similar phenomenon is seen in the context of hepatitis C.*
The variables diabetes, HOMA-IR, quantitiative insulin
sensitivity check index (QUICKI), and oral glucose sensitivity
index (OGIS) all reflect insulin resistance and there is
growing evidence that this has a major role in the
development and progression of fibrosis within NAFLD. The
mechanisms by which insulin resistance trigger fibrosis may
be through free fatty acid mobilisation, generation of reactive
oxygen species, and production of fibrogenic growth fac-
tors.” ** The high AST/ALT ratio has been shown to be
elevated in a variety of diseases causing fibrosis and cirrhosis
and this may be related to reduced sinusoidal clearance of
AST relative to ALT. Reduction in platelet count may occur as
a result of portal hypertension but also some chronic liver
diseases may reduce the hormone thrombopoietin which
stimulates platelet production. In NAFLD, as in other chronic
liver diseases, platelet count alone appears to be a better
indicator of severe fibrosis/cirrhosis rather than earlier stages
of fibrosis. Hyaluronic acid may increase in fibrosis due to a
mixture of increased collagen turnover and reduced hepatic
clearance and this has been shown to increase in other
aetiologies of liver fibrosis, such as alcohol, hepatitis B, and
hepatitis C.** Finally, BMI is a surrogate of exposure to
obesity although most studies have investigated BMI at the
index biopsy rather than BMI over a period of time prior to
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Table 1 Characteristics of studies evaluating non-invasive markers of fibrosis in non-alcoholic fatty liver disease (NAFLD)
Total Age BMI % diabetes
No of Patient Prevalence mean % mean or Liver biopsy  Non-invasive
Study patients  selection of S, I, and F* (median) male (median) Alcohol hypertension scoret variables
Angulo 144 NAFLD on biopsy ~ 73% grade (50.5) 33 31.2 <40 g/week 28% Modified Age, AST/ALT
1999 and persistently 2-3 (S) diabetes Brunt >1, AT,
USA" abnormal LFTS 27% significant L (n/s), albumin,
for more than fibrosis (F3/4) PT (n/s), transferrin
3 months. O (n/s) saturation,
Prospective and diabetes
retrospective
recruitment
Rosenberg 61 NAFLD on biopsy 27% significant 44 63 n/s n/s n/s Sheuer Age, HA,
2004 and abnormal LFTS  fibrosis (F3/4) L(>12 mm), PIINP, TIMP-1
Europe'? for 6 months. PT (>5),
Prospective O (3)
recruitment
Sakuguwa 112 NAFLD on biopsy ~ 63% NASH 51 32 29 <30 g/day  30% Modified Female,
2005 43% significant diabetes Brunt platelets,
Japan'® fibrosis (F3/4) L (n/s), albumin, GGT,
PT (n/s), AST/ALT, HA,
0O (2) type IV collagen
Albano 167 NAFLD on biopsy ~ 44% NASH 55 61 35 <20 g/day  29% Modified Age, AST/ALT
2005 (NAFLD)  Case controlled: 17% significant diabetes Brunt L (n/s), >1, diabetes,
UK 59 NAFLD v controls. fibrosis (F3/4) PT (n/s), MDA
(controls) Prospective O (1)
consecutive
recruitment
Mofrad 51 NAFLD on biopsy ~ 72% grade 53 31 29 <20 g/day  57% Modified Diabetes
2003 with normal ALT 2-3 (S) diabetes Brunt L
USA™ 36% severe (n/s),
fibrosis (F3/4) 47% PT (n/s),
hypertension O (1)
Shimada 81 NASH on biopsy 82% grade (54) 49  (2¢) <20 g/week 31% Brunt Age, platelet
2002 Prospective 2/3 (S) diabetes L (n/s), count, AST/ALT
Japan'® recruitment 100% NASH PT (n/s), >1, albumin,
28% severe o) bilirubin,
fibrosis (F3/4) ferritin,
platelets, IgA,
PT, type IV
collagen, raised
lipids
Dixon 105 Patients undergoing  25% NASH. 41 21 47 <200 g/wk 18% Brunt Male, diabetes,
2001 laparoscopic 10% severe diabetes L (n/s), hypertension,
Australia'” banding and liver  fibrosis (F3/4) 39% PT (>6), ALT, C peptide
biopsy with BMI hypertension O (1)
>35. Prospective
consecutive
recruitment
Beymer 48 BMI >35 64% grade 42 31 60 <20 g/mth  19% Ishak, Diabetes
2003 undergoing gastric ~ 2/3 (S) diabetes L (n/s),
USA'™® bypass surgery 33% NASH PT (n/s),
and liver biopsy 12% severe o (1)
Prospective fibrosis (F3/4)
consecutive
recruitment
Bugianesi 167 Raised 47% grade 41 83 28 <20 g/day 8% Modified Age, female,
2004 transaminases 2/3(S) 21% diabetes Brunt L BMI, AST/ALT,
Italy'? (>6 months) and severe fibrosis (n/s), Ferritin, OGIS,
bright liver on (F3/4) PT (n/s), 1/QUICKI,
U/S and NAFLD O (n/s) HOMA-IR
on biopsy. (insulin
Prospective sensitivity
recruitment indices- see
table 2)
Dixon 105 Patients with BMI 34% NASH 42 26 >35 <200 g/wk n/s Brunt ALT, HOMA-IR,
2003 >35 undergoing 14% severe L (n/s), polymorphisms
Australia™ laparoscopic fibrosis PT (>6), in TGF factor
banding and liver (F 3/4) O (1) and
biopsy Prospective
recruitment
angiofensinogen
Hui 109 Patients referred 50% grade 48 63 30 <40 g/wk  32% Brunt Age, HOMA-R
2004 (NAFLD)  with abnormal LFTS  2/3 (S) diabetes in L (n/s),
Australia® 82 or hepatic steatosis ~ 73% NASH NAFLD PT (n/s),
(controls) on U/S and NAFLD 28% severe group O (1)
on biopsy. Controls fibrosis (F3/4)
matched by age
and BMI.
Case controlled/
prospective

www.gutinl.com

‘WBuAdod Ag paosioid 1sanb Ag 120z ‘0T 1dy uo jwod fwginby/:dny wouy papeojumod ‘9002 4890100 LT U0 #S¥T60°9002 INB/9ETT 0T Se paysiignd 1s1y N9


http://gut.bmj.com/

NON-INVASIVE MARKERS ASSOCIATED WITH LIVER FIBROSIS IN NAFLD

Table 1 Continued
Total Age BMI % diabetes
No of Patient Prevalence mean % mean or Liver biopsy  Non-invasive
Study patients  selection of S, 1, and F* (median) male (median) Alcohol hypertension scoret variables
Guidorizzi 64 Patients with 84% NASH 45 78 28 <20 g/day 11% Brunt HOMA-IR
de Siqueira NAFLD on biopsy. ~ 11% severe diabetes L (n/s),
2005 Prospective fibrosis (F3/4) 27% PT (n/s),
Brazil” recruitment hypertension O (1)
Suzuki 79 Patients with 25% severe 46 38 33 <40 g/wk  n/s Brunt Age, serum
2005 abnormal LFTs for  fibrosis (F3/4) L(>15 mm), albumin,
USA® three months and PT (n/s), platelet count,
NAFLD on liver o) fasting blood
biopsy Prospective glucose, HA,
and consecutive clinical
recruitment diagnostic score
Angulo 88 Patients with 77% grade 2-3 45 35 33 <140 g/wk 19% Brunt Age, female,
2004 abnormal LFTS, (S) diabetes L(>15mm), BMI, diabetes,
USA™ NAFLD on biopsy ~ 83% NASH PT (n/s), leptin, QUICKI,
and participants 22% severe o(1) HOMA-IR
in previous tridls. fibrosis (F3/4)
Retrospective
recruitment
Marchesini 163 Patients with 74% NASH 40 88 28 <140 g/ wk  67% Brunt Metabolic
2003 abnormal LFTS for ~ 21% severe hypertension L (n/s), syndrome
Italy® 3 months and fibrosis (F3/4) PT (n/s),
NAFLD on liver O (n/s)
biopsy. Prospective
consecutive
recruitment
Hashimoto 247 Patients with 36% severe (53) 53 67% <100 g/wk  33% Local score  Age, sex
2005 NAFLD on liver fibrosis (F3/4) with BMI diabetes AST/ALT,
Japan® biopsy Prospective >28 46% albumin,
recruitment hypertension p|afe|ets,
diabetes, HA,
and type IV
collagen.
Ong 212 Patients undergoing  24% NASH 42 20 48 <10 g/day  24% Local score  WHR, AST,
2005 bariatric surgery 8% advanced diabetes L (n/s), ALT, diabetes,
USA” with BMI >40 and  fibrosis PT (n/s), HT
obesity related O (1)
complications.
Prospective
recruitment
Ledinghen 67 Chronically 40% NASH 47 67 26 <40 g/day n/s Metavir BMI, AST, ALT,
2004% elevated ALT for 31% F2/3/4 L (n/s), ferritin
six months and fibrosis PT (n/s),
liver biopsy O (1)
Retrospective
recruitment
Ratziu 93 BMI >25, abnormal 30% F2/3/4 49 34 29 30 g/day 16% Metavir Age, BMI, ALT,
2000 LFTS and NASH on fibrosis diabetes L (n/s), diabetes, TG
France® liver biopsy. PT (n/s),
Retrospective O (1)
consecutive
recruitment
Sorrentino 80 Undergoing liver 53% grade 58 38 39 <30 g/day  45% Brunt Female, BMI
2004 biopsy for 2/3 (S) diabetes L(>8 mm),  >45, duration
Italy™ operative procedure  73% NASH 78% PT (n/s), of obesity,
(gall stones, large  23% severe hypertension O (2) metabolic
bowel or gastric fibrosis (F3/4) syndrome
cancer) + metabolic
syndrome + high
grade obesity +
normal LFTS.
Prospective
recruitment
Crespo 181 Patients undergoing  72% grade n/s 16 47 <30 g/day n/s Modified Age at liver
2001 bariatric surgery 2/3(S) Metavir biopsy,
Spain®' and liver biopsy. 23% F2/3/4 L (n/s), elevated blood
Prospective fibrosis PT (n/s), sugar level
recruitment O (1)
Fierbinteanu- 80 Abnormal LFTS 26% NASH 51 25 32 <200 g/wk n/s Local score Age, BMI >30,
Braticevici and fatty liver on L (n/s), ALT >3 N,
2002 ultrasound and PT (n/s), ferritin, TG,
Romania® undergoing liver o (1) MDA, GSH
biopsy
Retrospective
recruitment
Loguercio 305 Abnormal ALT for  68% grade n/a 82 70% <20 g/day n/s Local score  Ferritin,
2004 12 months and 2/3(S) were L (n/s), HOMA-IR
Italy™ NAFLD on liver Moderate/ >25 PT (n/s),
biopsy. Prospective  severe O (3)
recruitment perice||u|or
fibrosis
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Table 1 Continued
Total Age BMI % diabetes
No of Patient Prevalence mean % mean or Liver biopsy  Non-invasive
Study patients  selection of S, 1, and F* (median) male (median) Alcohol hypertension scoret variables
dos Santos 30 BMI >25 + Fibrosis present 45 60 31 <20 g/day  23% Modified AST, laminin,
2005 ultrasound in 37% diabetes Brunt HA, collagen IV
Brazil* diagnosis of L (n/s),
steatosis + raised PT (n/s),
LFTs and O (n/s)
undergoing
liver biopsy.
Prospective
recruitment
Yesilova 51 Raised LFTS for 6 60% grade 36 100 28 <20 g/day 0% Brunt HOMA-IR,
2005 (NAFLD)  months and 2/3 (S) diabetes L (n/s), CoQ10, Cu
Turkey™ 30 NAFLD on liver 88% NASH PT (n/s), ZnSOD
(controls) biopsy 10% severe O (n/s)
Prospective fibrosis (F3/4)
recruitment
Koruk 36 Steatosis on 67% Grade 44 75 (29) Absent 20% Modified TG, LDL
2003* (NASH)  ultrasound, 2/3(S) diabetes Brunt cholesterol, Apo
32 abnormal LFTs for ~ 100% NASH L (n/s),
(controls) 3 months and 0% severe PT (n/s),
NASH on liver fibrosis (F3/4) O (n/s)
biopsy
Hartleb 47 Patients with 50% Grade 45 57 29 <120 g/wk 13% Local Age, BMI,
2005% NAFLD on liver 2/3 (S) diabetes L (n/s), diabetes,
biopsy and ALT 65% NASH PT (>5), hypertension
>1.5 ULN. 20% some O (2)
Retrospective study  fibrosis
Chitturi 94 NASH 70% Grade 51 57 31 <20 g/d 47% Modified None
2002 Case-controlled — 2/3 (S) diabetes Brunt L (n/s),
Australia® prospective and 45% significant PT (n/s),
refrospective fibrosis (F3/4) o)
Brunt 30 Subjects in NASH ~ 43% grade1-4 45 46 34 <20 g/day  25% Brunt and AST/ALT ratio,
2004 treatment trial. fibrosis diabetes Metavir albumin
USA¥ Retrospective L (n/s),
PT (n/s),
o)
*S, steatosis; |, inflammation; F, fibrosis.
1L, length; PT, portal tract; O, observers.
NASH, non-alcoholic steatohepatitis; LFTs, liver function tests; MDA, malondialdehyde; TG, triglycerides; BMI, body mass index; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; GSH, glutathione; TGF, transforming growth factor; LDL, low density lipoprotein; HA, hyaluronic acid; TIMP-1, tissue inhibitor of
metd"oproteinase; PIIINP, aminoterminal pepﬁde of proco"agen lll; GGT, gamma g|u’rcmy| transferase; Apo Al, apoprotein Al; ULN, upper limit of normal;
CoQ10, coenzyme Q10; Cu ZnSOD, copper zinc oxide dismutase; WHR, waist to hip ratio; HOMA-IR, homeostatic insulin resistance; QUICKI, quantitiative
insulin sensitivity check index.

biopsy. There is growing acceptance that the distribution of
obesity (that is, central or visceral obesity versus peripheral
obesity) is an important determinant of disease progression,
and this is evidenced by some of the studies above finding a
positive association of waist to hip ratio with liver fibrosis.

PANEL MARKERS FOR THE DETECTION OF NAFLD

Very few studies were designed as traditional diagnostic
studies, making 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 with
hepatitis C; we have recently published data on 10 distinct
panel marker tests assessing fibrosis in this condition.* Panel
marker tests combine variables found to be significant first at
univariate analysis into a multivariate analysis predictive
algorithm. As 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
area under the curve (AUC) values 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 all three
studies was relatively small. Two studies compared F3/4
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versus FO/1/2 and the other compared F2/3/4 versus FO/1. The
AUC ranged form 0.84 to 0.92 (table 3).

LIMITATIONS OF NON-INVASIVE VARIABLES IN
NAFLD
There is a clear balance between obtaining a diverse
derivation population that mirrors clinical practice and in
whom the diagnostic uncertainty exists (that is, to limit so-
called spectrum bias) versus the feasibility of choosing a
study population in which it is ethically permissible to obtain
liver biopsies. The studies cited above do vary in recruitment
methods and patient characteristics but in some there is a
degree of selection bias partly due to the requirement of a
liver biopsy as the reference test. For example, five of 27
studies included patients undergoing bariatric surgery.
Patients in theses studies had a very high BMI, resulting in
selection bias of these cohorts. Many studies only included
patients with abnormal liver function tests (LFTs), reflecting
clinical referral pathways to hepatology. Overall the effect
may be to find associations at the severe end of the spectrum
of disease and/or within a restricted range of markers so the
associations and panels may not be generalisable to types of
patients not included (for example, those with normal LFTs).
Studies varied in the markers they studied. When associa-
tions were found, studies present univariate data or multi-
variate data but in the latter there is variation in which
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Table 2 Variables associated with fibrosis

Category Variable

Sociodemographic and Age, sex, BMI, WHR
anthropometric

Simple liver biochemistry and ALT, AST, AST/ALT ratio, platelets, bilirubin, ferritin, transferrin saturation,
haematology albumin.

Features of metabolic syndrome Diabetes, hypertension, HOMA-IR, OGIS, metabolic syndrome, raised
or glucose sensitivity triglycerides, QUICKI, adiponectin, leptin, hyperlipidaemia

Fibrosis markers HA, TIMP 1, laminin, type IV collagen, PIINP

Miscellaneous Malondialdehyde, C peptide, polymorphisms of transforming growth factor

and angiotensinogen, IgA, glutathione, arachidonic acid, oxidised
cardiolipin, coenzyme Q, and copper oxide dismutase

peptide of procollagen Il.

BMI, body mass index; WHR, waist fo hip ratio; AST, aspartate aminotransferase; ALT, alanine aminotransferase;
HOMA-IR, homeostatic insulin resistance; OGIS, oral glucose sensitivity index; QUICKI, quantitiative insulin
sensitivity check index; HA, hyaluronic acid; TIMP-1, tissue inhibitor of metalloproteinase; PIIINP, aminoterminal

Table 3 Panel marker tests measuring fibrosis in non-alcoholic fatty liver disease

Fibrosis Training or Cut
Test Components of panel stage validation n AUC off SENS SPEC PPV NPV
HA score  Age >45, obesity, AST/ALT F3/4 vFO/1/2  Training 79 0.92 N/S N/S N/S N/S  N/S
ratio >1, diabetes, HA Cl (0.85-0.98)

ELF score  Age, HA, TIMP-1, PIIINP F3/4 vFO/1/2  Validation 61 0.87 0.37 89 96 80 98

Cl (0.66-1) 0.46 78 98 87 96
BAAT score Age, BMI, ALT, serum triglycerides  F2/3/4 vFO/1  Training 93 0.84 0 100 11 88 100
Cl (N/S) 1 100 47 45 100

2 71 80 61 86

3 14 100 100 73

4 0 100 0 70

predictive value; NPV, negative predictive value.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; HA, hyaluronic acid; TIMP-1, tissue inhibitor of metalloproteinase; PIIINP, aminoterminal peptide
of procollagen III; BMI, body mass index; AUC, area under the curve; Cl, confidence interval; N/S, not stated; SENS, sensitivity; SPEC, specificity; PPV, positive

factors are included in the final model. Using the variable
diabetes as an example to distinguish severe fibrosis from
moderate or no fibrosis (that is, F3/4 v F0/1/2), 10 studies
suggested an association of diabetes with severe fibrosis (six
by univariate analysis and four by multivariate univariate).
However, only half of the studies published odds ratios for
these associations (fig 1).

Panel markers, utilising a combination of variables found
at multivariate analysis, are subject to the same bias of the
derivation population as single markers. These predictive
equations are derived to best fit the original training sample.
To demonstrate that these tests are generalisable and robust
they need to be validated in different populations and
preferably by independent external investigators. The panels
of markers do have quite high AUCs. However, this can be
misleading because as in hepatitis C virus they have clinically
acceptable predictive values at extreme thresholds but these
are only applicable to a minority of the population tested.
Finally, any increased accuracy of panel marker tests has to
be balanced against additional cost and practicality compared
with simple routine parameters.

WHAT STAGE OF DISEASE SHOULD WE BE
DISTINGUISHING?

One of the reasons why the field of non-invasive markers for
NAFLD may lag behind hepatitis C is because of the
uncertainty of which end point to measure. The current field
is divided into studies attempting to distinguish between
stages of fibrosis, fibrosis from NASH, and NASH from simple
steatosis. Recently, investigators have published a panel test

of non-invasive serum markers to diagnose steatosis alone
within NAFLD;" the arguments of whether this is superior to
ultrasound aside it highlights the uncertainty and open
debate of which stage or stages of NAFLD require diagnosis.
Although recent studies suggest fibrosis has the greatest
implication on prognosis, detection of the earliest stages of
NASH would allow early initiation of therapeutic interven-
tion prior to the development of fibrosis.

Classification of fibrosis by histology has utilised a variety
of scoring systems (see table 1). Although some have been
designed specifically for NAFLD, others such as Metavir and
Sheuer, were formulated for the scoring of fibrosis in the
context of chronic viral hepatitis. Recently, a scoring system,
designed and validated by the non-alcoholic steatohepatitis
clinical research network, called the NAFLD scoring system,
has been published utilising components of steatosis, lobular
inflammation, and ballooning.”® Fibrosis is scored separately
and stage 1 fibrosis is subdivided into 1A, 1B, and 1C
dependent on the distribution of fibrosis around the portal
tract, sinusoids, or a combination of these. If this scoring
systems gains widespread acceptance it will allow greater
comparison of both therapeutic and diagnostic trials in
NAFLD.

An interesting observation is that within fibrosis, many of
the studies in NAFLD have focused on separating F0/1/2 from
F3/4. The variables most significant in distinguishing severe
fibrosis from less severe disease are shown in fig 2. The
emergence of new therapeutic treatment for NAFLD and
antifibrotic medication will dictate which precise cuts in
fibrosis will need distinguishing. It is conceivable that
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Figure 1 Forest plot of strength of association of diabetes with severe fibrosis. UVA, univariate analysis; MVA, multivariate analysis; OR, odds ratio;

UL, upper limit.

different algorithms will exist depending on the nature of the
treatment contemplated or if the test is simply performed for
prognosis.

CURRENT USE OF NON-INVASIVE MARKERS IN
NAFLD

The ideal test for fibrosis in NAFLD would be easy to perform,
inexpensive, reliable (within patients and between and
within laboratories) and would provide an accurate assess-
ment 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.

The current non-invasive markers, especially the panels,
potentially allow clinicians to select patients with severe
fibrosis or exclude severe fibrosis, with the caveat that only a
minority of the population tested will have a test result with a
high predictive value. In clinical practice, this may allow a
reduction in the number of biopsies performed. Moreover, it
is a useful alternative in patients having an absolute
contraindication or refusing percutaneous liver biopsy.

In the context of NAFLD, there is evidence that lifestyle
changes can result in improvement in underlying fibrogen-
esis and in some cases regression of cirrhosis.*” ** Monitoring
the response to this lifestyle intervention is vital to reinforce
motivation for the patients and alert the clinician when more
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aggressive intervention (for example, entering patients into
pharmacological trials or bariatric surgery in cases of severe
obesity) is required. Currently, clinicians may only be able to
assess fibrosis by repeating a biopsy every two to three years
because of its invasive nature and in the interim period rely
on serum aminotransferases. Measuring serial serum mar-
kers at more frequent intervals may allow the detection of
severe fibrosis at an earlier stage or act as reassurance for
those patients consistently showing values corresponding to
no or minimal fibrosis.

EMERGING TECHNOLOGIES AND FUTURE
DIRECTION

There has been considerable interest in improving radiologi-
cal imaging for diagnosing the severity of liver disease.
Although routine ultrasound has acceptable diagnostic
accuracy in detecting steatosis, it has been relatively
disappointing in distinguishing NASH and fibrosis within
NAFLD. A novel technique called elastography has been
explored in a variety of liver diseases, including NAFLD. A
vibration is produced by the probe which induces an elastic
shear wave. Propagation of this wave through the liver,
which is measured by an ultrasonic transducer, is cor-
related to liver stiffness. A study of 711 patients, 26 patients
with NASH, demonstrated an AUC of 0.8 for significant
fibrosis and 0.96 for cirrhosis.”’ The depth of measurement
was 25-65> mm and therefore there is a concern about
data acquisition in patients with severe visceral obesity. In
chronic hepatitis C, a recent study measured hepatic
vein transit time (HVTT) of levovist from the antecubital
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Figure 2 Variables associated with
severe fibrosis. HOMA-IR, homeostatic

insulin resistance; AST, aspartate
aminotransferase; ALT, alanine
aminotransferase; HA, hyaluronic acid;
BM!I, body mass index.
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fossa to the hepatic vein in 85 patients with mild, moderate,
and severe disease.”” HVTT reduced with increasing severity
of disease, the underlying hypothesis being that functional
haemodynamic changes are correlated to disruption of the
hepatic architecture. In cirrhosis, intrahepatic shunting will
have an obvious effect on the HVTT but there is the possibility
that more subtle changes in sinusoidal haemodynamics
occurring in early fibrosis may also be detected by this
technique.

The platform technologies of genomics, proteomics, and
metabonomics may reveal new biomarkers in addition to giving
insights into the mechanisms of liver fibrosis. Younossi et al
performed a genomic and proteomic analysis on 91 patients
with NAFLD.” They looked at differences between groups of
controls, steatosis alone, steatosis and non-specific inflamma-
tion, and NASH rather than fibrosis per se. Nevertheless, on
comparing controls to the three subgroups of NAFLD they
found 22 genes with more than a twofold difference in
expression and 12 significantly different protein peaks.

It is likely that combinations of simple blood parameters,
novel biomarkers, and functional imaging will increase
diagnostic accuracy and allow greater separation of stages
of fibrosis. The limitations of liver biopsy, as discussed earlier,
may create a glass ceiling for potential non-invasive tests. As
liver fibrosis itself is a surrogate for clinical outcomes, using
hard clinical end points as the reference standard may be one
potential solution. The cost and length of these trials will be a
limiting factor.

CONCLUSION

Simple clinical and biochemical parameters appear to be
associated with fibrosis in NAFLD. Studies incorporating
these variables into diagnostic tests have started to emerge. It
is likely that accuracy will continue to improve with
refinement of these diagnostic algorithms by addition of
novel biomarkers and combining different modalities such as
serum biomarkers and radiological imaging. The majority of
studies concentrate on the distinction of severe fibrosis but
separation of milder forms of fibrosis and NASH from simple
steatosis will be required to support emerging therapeutic
trials.
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APPENDICES

APPENDIX 1
Table Al shows the QUADAS tool to assess quality.

Appendix 2
Table A2 shows the results of the QUADAS tool.

Appendix 2
Table A3 shows the association of non-invasive markers with
fibrosis stage in NAFLD.

Table Al

Quality assessment of diagnostic accuracy studies (QUADAS) tool to assess quality

Item

(1) Was the spectrum of patients representative of the patients who will receive the test in practice?

(2) Were selection criteria clearly described?

(3) Is the reference standard likely to classify the target condition correctly?
(4) Is the time period between reference test and index test short enough to be reasonably sure that the target condition did not change between the two tests?
(5) Did the whole sample or a random selection of the sample receive verification using a reference standard of diagnosis?

(6) Did patients receive the same reference standard regardless of index test result?

(7) Was the reference standard independent of the index test (that is, the index test did not form part of the reference standard)?
(8a) Was the execution of the index test described in sufficient detail to permit its replication?
(8b) Was the execution of the reference standard described in sufficient detail to permit its replication?
(9a) Were the index test results interpreted without knowledge of the results of the reference standard?
(10) Were the same clinical data available when test results were interpreted as would be available when the fest is used in clinical practice?

(11) Were uninterpretable/intermediate test results reported?
(12) Were withdrawals from the study explained?
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Table A2 Results of quality assessment of diagnostic
accuracy studies (QUADAS) tool
No of studies
fulfilling
QUADAS criteria criteria
Representative sample 19/29
Selection criteria clearly described 28/29
Reference fest appropriate 29/29
Short time between reference test and index test 29/29
Verification of dicgnosis 29/29
Verification with same reference test 29/29
Reference and index test independence 29/29
Reference test rep|icoﬁon 29/29
Index test blind 29/29
Data same as in clinical practice 29/29
Uninferpretub|e/ intermediate results reported 26/29
Withdrawals exp|c1ined 28/29

Table A3  Association of non-invasive markers with fibrosis stage in non-alcoholic fatty liver disease

AST/ALT Miscellaneous
FO/1/2 v Age Diabetes BMI ratio HOMA-IR Platelets HA (association with
F3/F4 (increased)  (present) (increased) (increased) (increased) (decreased) (increased) fibrosis)
Angulo Yes Yes Yes Yes Not tested Not tested Not tested Obesity at UVA and
(1999)" UVA UVA and MVA. ALT, transferrin
UVA and UVA and MVA saturation, and albumin
MVA MVA at UVA
Rosenberg'? Yes Not tested Not tested ~ Not tested ~ Not fested Not fested Yes PIIINP and TIMP1 also
UVA, MVA, UVA, MVA, included in discriminant
and ROC and ROC score
Sakugawa'® Yes No** No Yes No Yes Yes Female, platelets GGT
UVA UVA UVA UVA, MVA and albumin on UVA.
and ROC Type IV 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 MVA  UVA and ferritin, IgA,
MVA MVA MVA hyperlipidaemia, type IV
collagen and IgA on
UVA. Platelet count on
UVA/MVA.
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
Bugicmesi"7 Yes Yes Yes Yes Yes Not tested Not tested Female sex, 100/1SI, I/
UVA (fasting UVA UVA UVA QUICKI, ferritin, OGIS at
glucose) UVA
UVA
Dixon Yes Not tested Yes No Yes Not tested Not tested Raised ALT and
(2003)* UVA UVA UVA and combination of high risk
MVA phenotypes of
polymorphisms (TGF-B
and AT) on UVA and
MVA
Hui® Yes Not tested Not tested ~ Not tested ~ Yes Not tested Not tested
UVA UVA and
MVA
Guidorizzi Not tested  Not tested Not tested ~ Not fested ~ Yes Not tested Not tested
de Siqueira®™ UVA
Suzuki®® Yes Yes No Yes Not tested Yes Yes Serum albumin and
UVA (fasting ROC ( UVA UVA and platelet count at UVA.
glucose) clinical MVA. Ferritin, clinical
UVA and diagnostic diagnostic model (age,
ROC (clinical model) diabetes, AST/ALT,
diagnostic obesity) at ROC.
model)
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Table A3 Continued

AST/ALT Miscellaneous
FO/1/2 v Age Diabetes BMI ratio HOMA-IR Platelets HA (association with
F3/F4 (increased)  (present) (increased) (increased)  (increased) (decreased) (increased) fibrosis)
Angulo™ Yes Yes Yes Not fested ~ Yes Not fested Not fested Leptin and female at UVA
UVA and UVA UVA UVA QUICKI at UVA and MVA
MVA
Marchesini*® Not tested ~ Not tested Not tested ~ Not tested ~ Not tested Not tested Not fested Metabolic syndrome by
MVA
Hashimoto™ Yes Yes No Yes Not fested Yes Yes Sex, hyperfension,
UVA UVA UVA UVA UVA and platelet count, albumin,
MVA type IV collagen at UVA.
Billirubin at MVA.
Ong” No Yes No No Not fested Not tested Not fested Raised AST, ALT and
UVA and WHR on MVA.
MVA
Ledinghen®® No Not tested Yes Yes Not tested No Not tested Ferritin at UVA
(BMI>25)  (Raised
UVA ALT) UVA
Ratziv® 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 and ROC
MVA
Sorrentino™ No Yes Yes Not tested ~ Not tested Not tested Not tested Female sex and duration
(with BMI>45 of obesity MVA
metabolic MVA
syndrome)
MVA
Crespo™ Yes No No Not tested ~ Not tested Not tested Not tested Raised blood glucose at
UVA and UVA
MVA
Fierbinteanu- Yes Not tested Yes Not tested ~ Not tested Not tested Not tested Raised ALT, ferritin,
Braticevici UVA and UVA and MDA, GSH and TGs at
MVA MVA UVA and MVA. No stats
on score.
Loguercio™ No Not tested No Not tested ~ Yes Not tested Not tested Ferritin at UVA
UVA
dos Santos™ No Not tested No No Not tested Not tested Yes Laminin, AST and
UVA collagen IV UVA
Yesilova® Not tested ~ No No Not fested ~ Yes Not tested Not tested CoQ10 and CuZnSOD
Positive negative correlation
correlation
Koruk® Not tested ~ Not tested Not tested ~ Not tested ~ Not tested Not tested Not tested Raised TGs, LDL shoed
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
Brunt”’ No No No Yes No Not tested Not tested Serum albumin reduced
UVA in severe disease

Yes, association at univariate analysis, correlation or multivariate analysis, p<<0.05.
No, no association at univariate or multivariate analysis.
UVA, univariate analysis; MVA, multivariate analysis; BMI, body mass index; AST, aspartate aminotransferase; ALT, alanine aminotransferase; HOMA-IR,
homeostatic insulin resistance; MDA, malondialdehyde; TG, triglycerides; TIMP-1, tissue inhibitor of metalloproteinase; PIIINP, aminoterminal peptide of
procollagen Ill; TGF-B, transforming growth factor B; GGT, gamma glutamyl transferase; QUICKI, quantitiative insulin sensitivity check index; OGIS, oral glucose
sensitivity index; GSH, glutathione; CoQ10, coenzyme Q10; Cu ZnSOD, copper zinc oxide dismutase; LDL, low density lipoprotein; Apo A1, apoprotein Al;
ROC, receiver operating characteristic curve.
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