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Abstract

Liver cirrhosis is a common and growing public health
problem globally. The diagnosis of cirrhosis portends an
increased risk of morbidity and mortality. Liver biopsy is
considered the gold standard for diagnosis of cirrhosis
and staging of fibrosis. However, despite its universal
use, liver biopsy is an invasive and inaccurate gold stan-
dard with numerous drawbacks. In order to overcome
the limitations of liver biopsy, a number of non-invasive
techniques have been investigated for the assessment
of cirrhosis. This review will focus on currently available
non-invasive markers of cirrhosis. The evidence behind
the use of these markers will be highlighted, along with
an assessment of diagnostic accuracy and performance
characteristics of each test. Non-invasive markers of
cirrhosis can be radiologic or serum-based. Radiologic
techniques based on ultrasound, magnetic resonance
imaging and elastography have been used to assess
liver fibrosis. Serum-based biomarkers of cirrhosis have
also been developed. These are broadly classified into
indirect and direct markers. Indirect biomarkers reflect
liver function, which may decline with the onset of cir-
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rhosis. Direct biomarkers, reflect extracellular matrix
turnover, and include molecules involved in hepatic
fibrogenesis. On the whole, radiologic and serum mark-
ers of fibrosis correlate well with biopsy scores, espe-
cially when excluding cirrhosis or excluding fibrosis.
This feature is certainly clinically useful, and avoids liver
biopsy in many cases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There has been considerable research in re-
cent years towards the development of non-invasive
markers of cirrhosis. These include novel radiologic
techniques, serum biomarkers and panels of fibrosis. In
this review, we outline the current state of knowledge
on the most commonly used radiologic and serum bio-
markers of cirrhosis. The pathophysiologic principles
behind the use of these markers are discussed. In addi-
tion, we focus on the evidence behind the use of these
markers, and highlight their performance characteris-
tics. This review is intended to provide an overview of
the current knowledge in this area, and to encapsulate
the evidence for the reader.
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INTRODUCTION: HOW COMMON IS
LIVER CIRRHOSIS?

Liver cirrhosis is an important and growing global health
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problem. In the United States alone, approximately
400000 people (0.15% of the population) are estimated
to have cirrhosis'". In 2010, cirrhosis was listed as a diag-
nosis in 727000 hospital discharges in the United States,
while it was the primary diagnosis in approximately
101000 dischargesm. Cirrhosis-related complications re-
sulted in 31903 deaths in 2010, making it the 12" leading
cause of mortality in the countrym. Recent projections
from the United States show that the prevalence of cir-
rhosis is expected to peak at 1 million patients by 2020,
attributable largely to the ageing population of baby-
boomers with chronic hepatitis cH.

WHY IS IT IMPORTANT TO DIAGNOSE
CIRRHOSIS?

Patients with non-cirrhotic chronic liver disease may

have an increased mortality rate when compared to con-
trols'”. However, mortality and morbidity rates increase
exponentially once cirrhosis develops. A large prospec-
tive study (7 = 838, median follow-up 50 mo) of chronic
hepatitis C (CHC) patients from Germany showed that
the SMR for non-cirrhotic patients younger than 50 was
3.1, whereas cirrhotic patients had an SMR of 26.2 in the
same age groupm. Therefore, the ability to reliably rule
out cirrhosis may be considered an important characteris-
tic of any test designed to assess liver fibrosis.

The diagnosis of cirrhosis also portends an increased
risk of liver related morbidity'® as well as mortality”. A
systematic review of 118 studies involving 23797 patients
by D’Amico ¢z a/” showed a distinct increase in mortality
risk with development of each successive decompensa-
tion - varices, variceal bleed and ascites. The overall sur-
vival was only 64% over a median follow-up of 31 mo.

Moreover, the rate of progression of fibrosis to liver
cirthosis can be variable. A study of 2235 treatment-
naive CHC patients showed a median time of 30 years
to development of cirthosis”, However, the rate of pro-
gression was faster in heavy alcohol users, older patients,
males and patients with high indices of inflammatory
activity on biopsy.

Liver-related mortality and decompensation is ex-
pected to continue to increase over the next decade, due
to the projected increase in the number of patients with
cirrhosis in the populationm. Therefore, an accurate and
timely diagnosis of liver cirrhosis is critical to identify pa-
tients in need of close monitoring, management of com-
plications and treatment of the underlying liver disease.

LIVER BIOPSY: A FLAWED GOLD
STANDARD

Liver biopsy is the traditional gold standard for staging
of fibrosis and diagnosis of cirrhosis. Under local an-

esthesia, a core of liver tissue is obtained for pathologic
analysis. Several scoring systems exist to stage the degree
of fibrosis in the biopsy specimens. These include the
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Ishak, METAVIR, Scheuer and Batts-Ludwig score. The
METAVIR and Ishak scores are used most commonly.
The METAVIR system scores fibrosis on a 5-point scale,
with FO equating to no fibrosis, and F4 equating to cir-
thosis. Patients with F2 or higher are considered to have
“significant fibrosis” and patients with F3 or higher are
considered to have advanced fibrosis. The Ishak system
uses a 7-point scale with FO indicating no fibrosis; F5,
incomplete cirrhosis; and F6, definite cirrhosis.

However, many factors impact on the accuracy of
fibrosis staging with liver biopsy. For example, diaghostic
accuracy is correlated with the length of the biopsy speci-
men"*"". A study of 17 patients with CHC used explant
livers to obtain whole liver fibrosis assessments, and also
random biopsies of varying length, which were used to
assess for fibrosis stagem. Core biopsies that were 25 mm
or more correctly classified the fibrosis stage 75% of the
time, whereas biopsies that were 15 mm had only 65%
accuracy. Another study of biopsy quality in 537 CHC
patients showed that only 31% of biopsies were consid-
ered “adequate” (at least 15 mm and = 5 portal tracts)
and only 14% were considered “ideal” (= 25 mm)"’.

The etiology of chronic liver disease (CLLD) may also
impact on biopsy results™>'7, A retrospective study of
NASH and CHC patients found that biopsies < 16 mm
had increased and significant heterogeneity in reported
fibrosis stage for NASH patients, but not in HCV pa-
tients™?. Fibrosis staging may also differ by location of
biopsy'¥. A study of laparoscopic right and left lobe
biopsies in 124 patients found 33.1% variation of = 1
fibrosis stage between right and left lobes, and 2.4% had
variation of = 2 stagem. Significantly, 14.5% of patients
were rated as stage F3 in one lobe, but F4 (cirrhotic) in
another.

There is also significant intra- and inter-observer vari-
ability in the assessment of fibrosis stages. One study
showed up to 10% variability in staging upon repeat as-
sessments of the same specimen by a single observer!"”.
The inter-observer variability in fibrosis assessments was
assessed in a study of 30 biopsy specimens reviewed by
10 pathologistsm‘ The inter-observer agreement (k) value
for cirrthosis was 0.91 (excellent), the value for score of
fibrosis (FO-3) was 0.78 (moderate). Inter-observer agree-
ment was even lower for scores of disease activity (k =
0.2-0.5). Reliability of fibrosis scoring is improved with 2
pathologists reading each biopsy as a pair, although this
may not be practical in the clinical settingm].

Complications from liver biopsy have been well char-
acterized in a large retrospective study of over 68000
biopsiesm. The mortality rate was found to be 9 per
100000 procedures (about 0.01%). Deaths were attrib-
uted to hemoperitoneum and occurred exclusively in pa-
tients with cirrhosis or HCC. The rate of complications
in this study was found to be 278 per 100000 procedures
(about 0.3%). Another retrospective review of 1000
biopsies found a complication rate of 5.9%, with 5.3%
hospitalizations, mainly due to post-procedural pain or
hypotension".

December 7, 2014 | Volume 20 | Issue 45 |



Sharma S et a/. Non-invasive diagnosis of cirrhosis

Table 1 Summary performance characteristics for selected serum- and radiology-based noninvasive markers for the diagnosis of

cirrhosis

Test Etiology Cutoff Sens Spec AUC
(Ref.) (%) (%)

Advantage

Disadvantage

Serum markers

APRI HCV®  >20 48 94 084 Easy tocalculate

FIB-4 HCV™ <145 74 80 085 Easy tocalculate
>325 38 98

Fibrotest HCV®™  >066 77 82 089 Validated in a number of etiologies; may

Lower diagnostic value in comparative studies
Not well validated in all etiologies of CLD
(e.g., Autoimmune liver disease)

Patented formula ($)

HBV™ >0.68 80 84 0.87  correlate with fibrosis progression

ELF Mixed"™
prognostic value

Radiologic markers
TE Mixed®™  >15 83 89

Easy to use, validated in a number of

>0.025 91 69 0.89 Validated in a number of etiologies, may have Requires levels of HA, TIMP1 and PIIINP

Requires expensive equipment, less reliable in

(9-26) etiologies, predicts complications of cirrhosis obese patients and acute hepatitis

ARFI Mixed® >187 84 92 091 Easy to use, validated in a number of etiolo-

Requires expensive equipment, less reliable in

gies, allows measurement away from masses/ obese patients, smaller region of interest than

lesions

MRE Mixed™  >413 100 96  0.998 Highly accurate, fibrosis estimation over a
much larger area than TE or ARFI

standard TE

Requires expensive equipment and radiology
expertise, results may change with patient
positioning

APRI: AST to platelet ratio index; FIB-4: Fibrosis-4; ELF: Enhanced liver fibrosis; TE: Transient elastography; ARFI: Acoustic radiation force impulse; MRE:
Magnetic resonance elastography; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CLD: Chronic liver disease.

NON-INVASIVE ASSESSMENT OF
FIBROSIS AND CIRRHOSIS

Despite its universal use in the staging of fibrosis, liver
biopsy is an invasive and inaccurate gold standard with
numerous drawbacks. In order overcome the limitations
of liver biopsy, a number of non-invasive techniques
have been investigated for the assessment of fibrosis.
This review will focus on the non-invasive diagnosis of
cirrhosis using these modalities. The performance char-
acteristics, advantages and drawbacks of selected non-
invasive markers are summarized in Table 1.

RADIOLOGIC TECHNIQUES

Conventional ultrasound

Ultrasound (US) has become a well-established modality
for the non-invasive diagnosis of cirrhosis. The progres-
sion of fibrosis in patients with chronic liver disease is
detected sonographically through characteristic changes
such as a coarse or nodular appearance of the parenchy-
ma, hepatomegaly and caudate lobe hypertrophy, among
others'”. US can also detect the development of portal
hypertension by measuring portal vein diameter, velocity
of flow, flow reversal, ascites and splenomegalylzo].

The performance characteristics of each of the above
features have been evaluated. Early studies of the accu-
racy of US criteria found caudate hypertrophy (defined
as ratio of caudate and right lobe) had a sensitivity of
84%, specificity of 100% and area under the curve (AUC,
a measure of accuracy) of 94%"". However, subsequent
studies have shown that these estimates were optimistic.
A later study examined the performance of a 2 (nodularity
and portal velocity) or 7 (nodularity, portal velocity, liver
size, caudate hypertrophy, echogenicity, portal vein diam-
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eter and spleen size) component score for the diagnosis
of cirrhosis™. The sensitivity was 82.2% and 78.7%,
while specificity was 79.9% and 80.1% respectively. AUC
values were 80.4% and 80.2%.

The performance characteristics of each of the above
features have been evaluated individually. Hepatic surface
nodulatity, especially detected by a linear probe, has been
shown to be the most direct sign of advanced fibrosis,
with reported sensitivity and specificity of 54% and
95% respectively™. The addition of other signs, such as
caudate-right lobe ratio, increased the sensitivity but di-
minishes the specificity of US.

The use of additional modalities such as Doppler en-
hances the specificity and sensitivity of greyscale US. For
example, the measurement of the “vascular index” (ratio
of portal vein velocity and hepatic artery pulsatility index)
using Doppler was assessed in one study””. At a value of
12 cm/s, the sensitivity was 97% and specificity was 93%
for a diagnosis of cirrhosis. However, subsequent studies
have shown mixed results, with a high degree of overlap
between the stages of chronic hepatitis and limited diag-
nostic utility™*",

Contrast enhanced US can also be used for the ac-
curate detection of cirrhosis” ", The “arrival time”
of contrast agents into the hepatic vein is reduced in
patients with cirrhosis. In one study, an arrival time of
sulphur hexafluoride microbubble (Sonovue) contrast
below 17 s had 100% sensitivity and 93% specificity for
cirthosis™”. A review of studies using hepatic vein transit
time showed a pooled sensitivity of 79% and specificity
of 78%, with an AUC of 79%"". Contrast-enhanced US
requires additional expertise and adds cost, and this may
limit its availability for the routine detection of cirrhosis.

In summary, US is a cheap and widely available mo-
dality for the diagnosis of cirrhosis. Greyscale US has
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moderate sensitivity and moderate-high specificity, but
this can be enhanced by the use of adjuvant technologies.

Computed tomography

Morphological findings of cirrhosis and portal hyperten-
sion have traditionally been used in the diagnosis of cit-
rhosis, showing high sensitivity but moderate specificity.
Because computed tomography (CT) images the entire
abdomen, small varices at various typical locations can
easily be identified, increasing the sensitivity of the mo-
dality. In a recent report, CT was reported to have a sen-
sitivity of 77.1% but specificity of 67.6%"7.

More recent studies have used physiological param-
eters calculated from multiple measurements of enhance-
ment during a dynamically enhanced CT studies as mark-
ers for fibrosis. For example, Van Beers e# al™ identified
three parameters - changes in liver perfusion, arterial
fraction and mean transit time of contrast that correlated
well with severity of liver disease by Child-Pugh classifica-
tion. Zissen ¢f a*" have demonstrated high sensitivity and
specificity for increased fractional extracellular fluid space
in the identification of cirrhosis. These techniques are
currently investigational and need to be validated in multi-
center trials. Furthermore, CT subjects the patients to ion-
izing radiation and intravenous contrast material, and can
significantly increase the cost of the procedure, limiting its
practical clinical use in assessment of cirrhosis.

Magnetic resonance imaging

The increased fibrotic tissue within the liver leads to
expansion of the extracellular fluid space and restricted
movement of water, which can be measured using
diffusion-weighted techniques. The same restriction re-
sults in slow washout of intravenous contrast in fibrotic
areas. These principles have been exploited by magnetic
resonance imaging (MRI) techniques to quantify fibrosis
using Diffusion-Weighted MRI (DW-MRI) and contrast
enhanced MRI®, Patel ¢ a/™ showed the combination
of three parameters (diffusion coefficient, time to peak
and distribution volume) had a sensitivity of 85% and
specificity of 100% for cirrhosis. DW-MRI can also be
used to identify the stage of cirrhosis (sensitivity 89%,
specificity 80%)". MRI-based techniques are subject to
the limited availability, and significantly increased cost
when compared to US-based techniques. Furthermore,
they require high degree of technical expertise, limiting
their practicality in the clinical setting.

NOVEL ELASTOGRAPHY TECHNIQUES

Transient elastography

Transient elastography (TE) (Fibroscan; Echosens, Patis,
France) is a novel technique used for the non-invasive
assessment of liver fibrosis. This technique involves the
use of transducer on the end of an US probe that trans-
mits 50 MHz pressure waves through the liver tissue. The
velocity of the resultant “shear wave” is measured by the
US. This shear wave velocity correlates with liver stiff-
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ness, thus providing an estimate of liver fibrosis.

Since its development, the use TE has been evalu-
ated for many etiologies of chronic liver disease”™™,
A large meta-analysis by Tsochatzis ez al™ included 40
studies and patients with chronic hepatitis B, C, alcohol
and other causes of cirrhosis. In this analysis, TE had a
pooled sensitivity of 83% and specificity of 89% for the
diagnosis of cirrhosis (F4 on biopsy). A mean cutoff of
15 kPa was used in the included studies for the diagnosis
of cirrhosis (range: 9-26.5 kPa).

Transient elastography can also be used to predict
complications of cirrhosis, such as portal hypertension.
In a large meta-analysis by Shi ez al™ (7 = 18 studies,
3644 patients), TE had 90% sensitivity and 79% specific-
ity for the diagnosis of significant portal hypertension
(defined as hepatic vein portal gradient above 10 mmHg),
with an AUC of 93%. TE cutoffs used for the diagnosis
of significant portal hypertension ranged from 13.6-34.9
kPa. Area under the curve for the prediction of varices
and large varices were 0.84 and 0.78, respectively, in this
analysis.

TE may also have a role in the post-transplant set-
tingHUJ. A meta-analysis of 6 studies enrolling post-trans-
plant HCV patients showed an 83% sensitivity and 83%
specificity of elastography in the diagnosis of significant
fibrosis (F2 or greater) " Cutoff values used varied from
7.1-10.1 kPa.

TE fulfills many of the requirements of an ideal
non-invasive marker of cirrhosis - it is easy to perform,
reproducible, and tolerated well by patients. However, the
limitations of this technique include the requirement for
expensive equipment, and lack of standardized cutoffs
for diagnosis of fibrosis stages, as noted in the meta-
analyses above ™,

The diagnostic accuracy of TE is lowered in obese
patients™’. In order to improve the accuracy of readings
in obese patients, an extra-large (XL) probe has been
developed. This probe allows for increased reliability
and validity of measurements when compared with the
standard (M) probem]. In a study of 193 patients (35%
had BMI > 30), the XL probe obtained 10 or more valid
readings in 95% of patients, as opposed to 81% with the
M probe. Similarly, the consumption of a meal prior to
the test has been shown to elevate TE readings for up to
120 minutes following the meal™.

Moreover, TE readings ate also elevated in the pres-
ence of active hepatitis. Studies in patients with chronic
hepatitis B and C™* have shown that liver stiffness read-
ings increase in patients with elevated ALT.

Similarly, the consumption of a meal prior to the test
has been shown to elevate TE readings for up to 120 min
following the meal™**"|, Berzigotti et a/*" administered
a 7 mg/kg milkshake to 19 patients who underwent TE
before and after the standardized meal. There was a sig-
nificant increase in post meal liver stiffness readings, with
an average increase of 27%.

Therefore, while TE remains a well-validated and reli-
able non-invasive modality for the diagnosis of cirrhosis,
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these limitations should be kept into account in order to
interpret the results in a meaningful manner.

Acoustic radiation force imaging

This technique uses conventional US to generate a shear
wave directly within the liver tissues. This allows the so-
nographer to obtain both conventional US images and
also specify a region of interest (ROI) for estimation of
liver stiffness. The propagation velocity of the shear wave
is reported in meters per second, and correlates with the
liver stiffness. The direct generation of shear wave within
the liver tissue holds advantages over TE since it is not
subject to the chest/abdominal wall distortion of the
waves, and not affected by presence of ascites.

In a meta-analysis of 36 studies involving 3951 pa-
tients, Niethoff ¢ a/** showed that acoustic radiation
force imaging (ARFI) had excellent accuracy for the di-
agnosis of cirrhosis (AUC 0.91 for F4). At a cutoff value
of 1.87 m/s, ARFI had 84% sensitivity and 92% specific-
ity for the diagnosis of cirrhosis. This analysis included
patients across many etiologies of chronic liver disease
(HBV, HCV, NASH, autoimmune liver diseases).

The accuracy of ARFI measurements is adversely af-
fected by obesity!™ " In one study, up to 49% of patients
had unreliable results with ARFI measurements when the
BMI was above 30",

The accuracy of ARFI has been compared with stan-
dard transient elastography using the Fibroscan device™.
In a study of 114 patients (including 23 with cirrhosis),
both modalities demonstrated comparable accuracy for
the diagnosis of cirrhosis (AUC 0.99 for TE, 0.95 for
ARFI). However, TE performed better than ARFI in the
diagnosis of significant fibrosis (AUC 0.90 »s 0.77 for
ARFI).

The location of the region of interest is an important
variable when using ARFI to estimate liver stiffness”™”.
Measurements made at least 1-2 cm below the liver cap-
sule offer the best predictive value. The region of interest
in ARFI (1-2 cm) is smaller than TE (5 cm), thus provid-
ing a smaller region of liver tissue for measurement of
shear wave velocity™. On the other hand, the dynamic
visualization of the liver parenchyma allows the placement
of the region of interest directly on the liver tissue and
exclusion of any liver masses from the measurements.

Supersonic shear wave imaging

Also known as real-time shear wave elastography, this
technique also generates shear waves directly within the
liver tissue using the Mach cone of supersonic US waves.
This technique also holds the same advantages as ARFI
over TE. It also uses conventional US to simultaneously
produce images the liver and measure the velocity of the
shear wave, allowing calculation of the hepatic stiffness.
In direct comparison to TE, supersonic shear wave im-
aging (SSWI) exhibits improved differentiation of mild
fibrotic stages, but similar performance in detection of
cirrhosis®™. SSWI has shown mild improvement in as-
sessment of hepatic fibrosis when directly compared to
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TE and ARFI™,

MR elastography

MR elastography (MRE) involves the use of a transducer
placed under the rib cage of patients that transmits me-
chanical waves into the liver. MR imaging is performed
concurrently, and the images processed to obtain shear
elasticity and viscosity maps. This allows the estimation
of fibrosis over a much larger area™.

The accuracy of MRE for the estimation of cirrho-
sis has been evaluated™. In a study of 88 patients with
chronic liver disease, MRE had an AUC of 1.0 for the
diagnosis of cirrhosis.

MRE can also be used to quantify the progression of
steatosis to steatohepatitis and fibrosis in patients with
non-alcoholic fatty liver disease (NAFLD)®. In a study
of 58 patients with NAFLD, the mean liver stiffness was
higher in patients with steatohepatitis and fibrosis than
those with simple steatosis (4.16 kPa with fibrosis, 3.24
kPa with NASH and 2.51 with steatosis). In this study,
MRE had an AUC of 0.93 for the diagnosis of NASH,
with a sensitivity of 94% and specificity of 73%.

Huwart ez al”” compared the accuracy of MRE with
TE in a study of 141 patients with chronic liver disease.
The success rate of MRE was 94%, significantly higher
than that of TE (84%). The diagnostic accuracy of MRE
was significantly higher than TE for both cirrhosis and
significant fibrosis.

While MRE is highly accurate and reliable in the
diagnosis of cirrhosis, it requires the use of expensive
equipment, and considerable expertise. Additionally,
repositioning of the patient during the study or with
subs[esguent studies may significantly alter the diagnostic
yield™™.

SERUM BIOMARKERS

Many serum biomarkers and biomarker panels have been
studied for the assessment of fibrosis and diagnosis of
cirrhosis. Overall, these markers are good indicators of
the presence or absence of fibrosis, or the presence of
cirrhosis. However, their use in distinguishing between
fibrosis stages or the rate of fibrosis progression has not
been well established. Similarly, the prognostic value of
many serum biomarkers has not been studied.

These biomarkers can be divided into two broad cat-
egories - direct and indirect. Indirect biomarkers reflect
liver function, which may decline with the onset of cir-
rhosis. Direct biomarkers, on the other hand, reflect ex-
tracellular matrix turnover, and include many molecules
involved in hepatic fibrogenesis.

INDIRECT MARKERS

APRI

AST-Platelet Ratio Index [APRI = (AST/upper limit of
normal)*100/platelet count] is a simple and easily avail-
able biomarker panel for the estimation of fibrosis. APRI
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values increase as fibrosis-induced portal hypertension
results in a decline in platelet count.

APRI has been extensively validated in chronic hepa-
titis C. In a meta-analysis of 18 studies™, APRI > 2
had a specificity of 94% for the diagnosis of cirrhosis
(sensitivity 48%), with a pooled AUROC of 0.84 across
40 studies. APRI > 0.5 was found to have a sensitivity
of 81% and specificity of 55% (AUROC = 0.77) for the
diagnosis of fibrosis (7 = 28 studies).

APRI has also been studied in non-alcoholic fatty
liver disease (NAFLD)"". In a systematic review of 242
NAFLD patients, an APRI cutoff of 0.54 was found to
have an AUROC of 0.75 (Sensitivity 77.3%, Specificity
70.9%).

The use of APRI is not as well validated in other eti-
ologies. In a study of 178 Chinese CHB patients[(’ﬂ, APRI
> 1.0 was found to have an AUROC of 0.83 (sensitivity
75.9% and specificity 69.2%) for the diagnosis of cirrho-
sis. Similarly, a study of 218 patients with alcoholic liver
disease (ALD) showed an AUROC of 0.67 for cirrho-
sis™. In this study, APRI had lower predictive value than
Fibrotest and Hepascore (described below). In addition,
APRI was found to be of little prognostic value in this
cohort, with an AUROC of 0.60 for survival or non-liver
related mortality.

Overall, while APRI is an inexpensive and readily
accessible marker, its accuracy has not been clearly estab-
lished over a broad range of etiologies. It may also have
lower diagnostic and prognostic value than other serum
biomarkers, especially in ALD.

Fibrotest

Fibrotest (marketed as Fibrosure in the US) is a patented
biomarker panel using 5 biochemical markers and 2 clini-
cal parametersm]. These include alpha-2 macroglobulin,
haptoglobin, total bilirubin, apolipoprotien-A, GGT, age
and gender. Using a patented formula, these biomarkers
are combined to yield a numerical value between 0.0 and
1.0. The resulting score correlates with METAVIR fibro-
sis stages.

Fibrotest was originally developed using a population
of 205 HCV patients, and validated in 134 patientsw.
Chou ¢ a/™ conducted a meta-analysis of 9 studies using
Fibrotest in CHC. The pooled AUROC for the diagno-
sis of cirrhosis was 0.89 (sensitivity 56%, specificity of
81% at cutoff > 0.75; sensitivity 77%, specificity 82% at
cutoff > 0.66). Similarly, a study of 194 CHB patients
showed an AUROC of 0.87 for diagnosis of cirrhosis
(sensitivity 80%, specificity 84% at cutoff > 0.68)"".

Fibrotest has subsequently been validated in sev-
eral etiologies of cirrhosis. Poynard ez al® conducted a
meta-analysis of 30 studies (# = 6378 patients) including
patients with CHC, CHB, ALD, and NAFLD. Overall,
Fibrotest had an AUROC of 0.84, with no significant
difference between etiologic categories. This study also
demonstrated that Fibrotest was moderately accurate
in distinguishing between adjacent fibrosis stages (e.g.,
AUROC 0.69 for F3 »s F4), when compared to biopsy
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(AUROC = 0.82). The authors concluded that Fibrotest
is a viable alternative to liver biopsy in the diagnosis and
staging of fibrosis.

The combination of Fibrotest with transient elastog-
raphy has also been assessed™. In this study, 183 patients
with CHC underwent Fibrotest, TE and liver biopsy.
The AUROC for the diagnosis of cirrhosis was 0.87 for
Fibrotest alone, but 0.95 with the combination of TE
and Fibrotest. When Fibrotest and TE results were con-
cordant, liver biopsy confirmed the diagnosis of cirrhosis
in 94% of patients, suggesting that the combination of
these two tests may be used to avoid liver biopsy in a
large proportion of patients.

In addition to its use as a diagnostic test, Fibrotest
may also have value in monitoring fibrosis progression.
Poynard ez a/*” studied the progression of fibrosis in
2472 patients with chronic liver disease of various eti-
ologies. Fibrotest and liver biopsy had a high degree of
concordance for the estimation of liver fibrosis progres-
sion (intraclass correlation coefficient 0.961). Therefore,
the authors concluded that Fibrotest may be used for
the monitoring of liver fibrosis progtession, avoiding the
need for repeated biopsies.

Fibrotest has been combined with ALT to yield a
newer measure, the Actitest. This measure has been vali-
dated for the diagnosis of cirrhosis in CHC, and has the
added advantage of correlating with histologic necroin-
flammatory activity grade. A meta-analysis of 6 studies
showed that Actitest had an AUROC of 0.79 for histo-
logic activity grade, and performed significantly better
than ALT™,

FiB4

FIB4 is a biomarker panel using Age, AST, platelet count
and ALT [FIB4 = (age*AST)/ (Platelets*VALT)]'”. This
marker was originally developed and validated in a cohort
of HIV/HCV co-infected patientswo]. In a study of 832
patients, FIB4 > 3.25 had a specificity of 97% for the
diagnosis of cirrhosis (AUROC = 0.76). The authors es-
timated that 71% of biopsies could be avoided by using
FIB4 in this cohort.

FIB4 was subsequently validated in a series of 592
patients with CHC"", In this study, a value > 3.25 had an
AUROC of 0.91 for cirthosis, while a value < 1.45 had
a sensitivity of 74% for excluding severe fibrosis. These
results have been validated in other studies, showing that
FIB4 > 3.25 has a high specificity (92%) and predictive
value (AUROC = 0.87) for the diagnosis of cirthosis™",

In addition to its use in HCV, FIB4 is also a use-
ful marker in NAFLD", In a series of 541 adults with
NAFLD, FIB4 had an AUROC of 0.8, superior to other
markers of fibrosis, and could correctly avoid a biopsy in
approximately 60% of patients.

NAFLD fibrosis score

The NALFD fibrosis score (NFS) is comprised of dia-
betes/impaired fasting glucose, age, AST, ALT, platelets,
BMI and albumin'™. The NFS was developed and vali-

16825 December 7, 2014 | Volume 20 | Issue 45 |



Sharma S et a/. Non-invasive diagnosis of cirrhosis

dated in a setries of 733 patientsm]. NES had an AUROC
of 0.84, with 98% specificity for advanced fibrosis/cir-
rhosis above a value of 0.676. The authots estimated that
biopsy could be avoided in 75% of patients in this study.
A meta-analysis of 13 studies shows a pooled AUROC
of 0.85 for the diagnosis of advanced fibrosis using the
NES™,

Fibroindex

Fibroindex consists of platelet count, AST and GGT. It
was developed and validated in a cohort of 360 patients
with CHC (240 development cohort, 120 validation co-
hort)"™. In this study, the AUROC of fibroindex was 0.82
for significant fibrosis. In validation studies, the pooled
AUROC for cirrhosis was 0.86 (# = 5 studies)"”.

DIRECT MARKERS

Hyaluronic acid

Hyaluronic acid (HA) is an unbranched, high molecular
weight glycosaminoglycan that is found in the extracellu-
lar matrix. It enters the circulation sz the lymphatic sys-
tem during matrix turnover, and is rapidly taken up and
degraded in the liver through hepatic endothelial cells.
Elevated HA levels may reflect increased production of
HA within a fibrotic liver, or reduced clearance of circu-
lating HA. Serum HA concentrations may correlate with
both inflammatory activity and fibrotic stages in the liver.

The utility of HA has been studied in CHC. In a
study of 486 CHC patients, cirrhotic patients had a sig-
nificantly higher circulating HA level than non-cirrhotic
patients (382 mcg/L 25 110 meg/I)"". An HA level < 60
mcg/L excluded cirrhosis (Sensitivity 98%), while a score
> 110 mcg/L had a 78% specificity and AUROC of 0.79
for cirrhosis.

HA has also been studied in ALD. In a study of 45
patients with ALD, HA correlated with both fibrosis
stage as well as inflammatory activity (AUROC = 0.91
for presence of fibrosis)". Similar performance charac-
teristics were seen in a study of 79 patients with NAFLD,
with an AUROC of 0.92 for cirrhosis (sensitivity 85%,
specificity 79% at cutoff > 46.1 mcg/1)".

HA has also been combined with indirect markers
(bilirubin, GGT, alpha-2 macroglobulin), age and gender,
to formulate the hepascore. This panel was developed
and validated in 221 patients with CHC™, Hepascore
had an AUC of 0.89 in the validation set for the diagno-
sis of cirrhosis.

Subsequent studies have validated the use of Hepas-
core, with studies mainly in CHC patients. Hepascore has
a pooled AUROC of 0.89 (# = 8 studies) for the diagno-
sis of[_ ()(]:irrhosis (sensitivity 72%, specificity 86%, cutoff >
0.80)"".

PIIINP

PIIINP (amino terminal of serum procollagen Il pep-
tide) is a marker of collagen turnover. Increased levels
occur with tissue repair and fibrosis. It has been studied
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as a non-invasive marker for liver fibrosis, with the ear-
liest studies in primary biliary cirrhosis (PBC)[BI’&]. In
these studies, raised PIIINP was found to correlate with
the histological stage of PBC and degree of cholestasis.
PIIINP levels were also elevated in patients on chronic
methotrexate therapy, with levels being particularly in-
creased in patients with fibrosis or cirthosis™.

PIINP has also been studied in patients with
NAFLD™. In this study, PITINP was the only biomarker
that distinguished between simple steatosis and NASH. It
also correlated with the NAFLD Activity Score (NAS) as
well as its components. Similar results have been seen in
patients with alcoholic liver disease, with PIIINP values
increased in patients with septal fibrosis or cirthosis™.

Among patients with viral hepatitis, PIIINP was
found to be an independent predictor of cirthosis™. In a
study of 280 patients (121 development, 159 validation),
the authors found the combination of platelet count and
PIINP to have an AUC of 0.88 for cirrhosis, showing
better diagnostic accuracy than APRI, FIB4 and en-

hanced liver fibrosis (ELF) scores.

TIMP-1

The development of hepatic fibrosis represents an imbal-
ance between collagen production and degradation, with
decreased levels of serum collagenase. Tissue inhibitors
of metalloproteinase are a family of enzymes that inacti-
vate collagenase (and other metalloproteinase). The levels
of TIMP-1 were found to be higher in alcoholic patients
with fibrosis and cirrhosis compared to those with steato-
sis alone™.

TIMP-1 was also studied in a cohort of 194 patients
with CHC™. TIMP-1 correlated significantly with fibro-
sis stage, with an AUROC of 0.82 for the diagnosis of
extensive fibrosis (cutoff 1300 ng/ml., sensitivity 75%,
specificity 70%). Among patients with CHB, TIMP-1
correlated significantly with both inflammatory activity
and fibrosis stage in one study™. In this study, TIMP-1
had an AUROC of 0.92 for advanced fibrosis (> F2),

with better accuracy than other direct markers of fibrosis.

YKL-40
YKL-40 (chondrex) is a mammalian member of the
bacterial Chitinase enzyme family. It is thought to have a
role in extracellular matrix remodeling, and may function
as a growth factor for connective tissue and endothelial
cells™. Levels of YKL-40 have been found to correlate
with the presence of fibrosis in ALD™. YKIL-40 may
also carry prognostic value, as patients with elevated
YKIL-40 were found to have lower survival in this study.
YKI.-40 has also been studied in CHC, with one
study showing an AUROC of 0.79 for the diagnosis of
cirrhosis (Sensitivity 80%, Specificity 71%)™. YKI.-40
levels also declined with interferon therapy, in both re-
sponders and non-responders™. In another study of 132
CHC patients, the AUROC of YKI.-40 for cirrhosis was
0.70, lower than other serum markers such as HA and
Fibrospectm.
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ELF

The ELF score was developed in a cohort of 1021 patients
with chronic liver disease”™. It combined age, HA, TIMP1
and P3NP. The model predicts cirrhosis with an AUROC
of 0.89 (sensitivity 90%, specificity 69%). The AUROC
of ELF was particularly high in patients with ALD or
NAFLD (0.87-0.94). This was validated in a further study
using a modified ELF (without age), with an AUROC of
0.90 for severe fibrosis in NAFLD patients”>"".

The ELF score has been validated in both CHB and
CHC, with AUROC values of 0.85 (CHC) and 0.86 (CHB)
for severe fibrosis (> F3)". In patients with CHB, ELF
performed as well as TE for prediction of significant
fibrosis (> F2), although TE was superior for prediction
of severe fibrosis™

CONCLUSION

The development of cirrhosis is a significant clinical
landmark in patients with chronic liver disease. It por-
tends an increased risk of morbidity, and declining prob-
ability of survival. The diagnosis of cirrhosis using liver
biopsy carries a small but definite risk of complications.
It is also prone to variability in the assessment of fibrosis
stage depending on biopsy size, location and pathologist
interpretation.

The non-invasive assessment of fibrosis and cirrhosis

attempts to overcome some of the drawbacks of liver bi-
opsy - by eliminating the risk of peri-procedural compli-
cations. On the whole, radiologic and serum markers of
fibrosis correlate well with biopsy scores, especially when
excluding cirrhosis (F4 or I < 4) or excluding fibrosis (FFO
vs F > 0). This feature is certainly clinically useful, and
avoids liver biopsy in many cases. However, the accurate
distinction of stage of fibrosis is less reliable with these
modalities. In addition, the progression or regression
of fibrosis may not be easily detectable with many non-
invasive markers, since their use has not been universally
validated in this context. Future research in this area may
include prospective studies using panels of serum and/
or radiologic markers of fibrosis. Further research on
the pathophysiology of liver fibrosis may identify novel
markers that are able to accurately detect both progres-
sion and regression of liver fibrosis.

REFERENCES

1  Schuppan D, Afdhal NH. Liver cirrhosis. Lancet 2008; 371:
838-851 [PMID: 18328931 DOI: 10.1016/S0140-6736(08)60383-9]

2 Centers for Disease Control and Prevention. Chronic
Liver Disease and Cirrhosis. Accessed May 27, 2014. Avail-
able from: URL: http:/ /www.cdc.gov/nchs/fastats/liver-
disease.htm

3 Davis GL, Alter MJ, El-Serag H, Poynard T, Jennings LW.
Aging of hepatitis C virus (HCV)-infected persons in the
United States: a multiple cohort model of HCV prevalence
and disease progression. Gastroenterology 2010; 138: 513-521,
521.e1-6 [PMID: 19861128]

4  Adams LA, Lymp JF, St Sauver ], Sanderson SO, Lindor KD,
Feldstein A, Angulo P. The natural history of nonalcoholic
fatty liver disease: a population-based cohort study. Gastro-

Baishidenge ~ WJG | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

16827

Sharma S et a/. Non-invasive diagnosis of cirrhosis

enterology 2005; 129: 113-121 [PMID: 16012941 DOI: 10.1053/
j.gastro.2005.04.014]

Niederau C, Lange S, Heintges T, Erhardt A, Buschkamp
M, Hiirter D, Nawrocki M, Kruska L, Hensel F, Petry W,
Haussinger D. Prognosis of chronic hepatitis C: results
of a large, prospective cohort study. Hepatology 1998; 28:
1687-1695 [PMID: 9828236 DOI: 10.1002/hep.510280632]
Ginés P, Quintero E, Arroyo V, Terés ], Bruguera M, Rimola
A, Caballeria J, Rodés J, Rozman C. Compensated cirrhosis:
natural history and prognostic factors. Hepatology 1987; 7:
122-128 [PMID: 3804191 DOI: 10.1002/ hep.1840070124]
D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and
prognostic indicators of survival in cirrhosis: a systematic
review of 118 studies. | Hepatol 2006; 44: 217-231 [PMID:
16298014 DOI: 10.1016/j.jhep.2005.10.013]

Poynard T, Bedossa P, Opolon P. Natural history of liver
fibrosis progression in patients with chronic hepatitis C. The
OBSVIRC, METAVIR, CLINIVIR, and DOSVIRC groups.
Lancet 1997; 349: 825-832 [PMID: 9121257 DOI: 10.1016/
S0140-6736(96)07642-8]

Zalesak M, Francis K, Gedeon A, Gillis J, Hvidsten K, Kid-
der P, Li H, Martyn D, Orne L, Smith A, Kwong A. Current
and future disease progression of the chronic HCV popula-
tion in the United States. PLoS One 2013; 8: 63959 [PMID:
23704962 DOI: 10.1371 /journal.pone.0063959]

Poynard T, Munteanu M, Imbert-Bismut F, Charlotte F,
Thabut D, Le Calvez S, Messous D, Thibault V, Benhamou
Y, Moussalli ], Ratziu V. Prospective analysis of discordant
results between biochemical markers and biopsy in patients
with chronic hepatitis C. Clin Chem 2004; 50: 1344-1355
[PMID: 15192028 DOI: 10.1373/ clinchem.2004.032227]
Bedossa P, Dargere D, Paradis V. Sampling variability of
liver fibrosis in chronic hepatitis C. Hepatology 2003; 38:
1449-1457 [PMID: 14647056 DOI: 10.1016/j.hep.2003.09.022]
Goldstein NS, Hastah F, Galan MV, Gordon SC. Fibrosis
heterogeneity in nonalcoholic steatohepatitis and hepati-
tis C virus needle core biopsy specimens. Am | Clin Pathol
2005; 123: 382-387 [PMID: 15716234 DOI: 10.1309/EY-
72F1EN9XCBIKXX]

Charlotte F, Le Naour G, Bernhardt C, Poynard T, Ratziu
V. A comparison of the fibrotic potential of nonalcoholic
fatty liver disease and chronic hepatitis C. Hum Pathol
2010; 41: 1178-1185 [PMID: 20413144 DOI: 10.1016/
j-humpath.2009.10.025]

Regev A, Berho M, Jeffers L], Milikowski C, Molina EG, Pyr-
sopoulos NT, Feng ZZ, Reddy KR, Schiff ER. Sampling error
and intraobserver variation in liver biopsy in patients with
chronic HCV infection. Am | Gastroenterol 2002; 97: 2614-2618
[PMID: 12385448 DOI: 10.1111/}.1572-0241.2002.06038.x]
Intraobserver and interobserver variations in liver biopsy in-
terpretation in patients with chronic hepatitis C. The French
METAVIR Cooperative Study Group. Hepatology 1994; 20:
15-20 [PMID: 8020885]

Vuppalanchi R, Unalp A, Van Natta ML, Cummings OW,
Sandrasegaran KE, Hameed T, Tonascia ], Chalasani N. Ef-
fects of liver biopsy sample length and number of readings
on sampling variability in nonalcoholic Fatty liver disease.
Clin Gastroenterol Hepatol 2009; 7: 481-486 [PMID: 19162235
DOI: 10.1016/j.cgh.2008.12.015]

Piccinino F, Sagnelli E, Pasquale G, Giusti G. Complications
following percutaneous liver biopsy. A multicentre retro-
spective study on 68,276 biopsies. | Hepatol 1986; 2: 165-173
[PMID: 3958472 DOI: 10.1016,/50168-8278(86)80075-7]
Perrault J, McGill DB, Ott BJ, Taylor WE. Liver biopsy: com-
plications in 1000 inpatients and outpatients. Gastroenterology
1978; 74: 103-106 [PMID: 618417]

Di Lelio A, Cestari C, Lomazzi A, Beretta L. Cirrhosis: diag-
nosis with sonographic study of the liver surface. Radiology
1989; 172: 389-392 [PMID: 2526349 DOI: 10.1148 /radiol-
0gy.172.2.2526349]

December 7, 2014 | Volume 20 | Issue 45 |



20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

JBaishideng®

Sharma S et a/. Non-invasive diagnosis of cirrhosis

Aubé C, Oberti F, Korali N, Namour MA, Loisel D, Tanguy
JY, Valsesia E, Pilette C, Rousselet MC, Bedossa P, Rifflet H,
Maiga MY, Penneau-Fontbonne D, Caron C, Cales P. Ultra-
sonographic diagnosis of hepatic fibrosis or cirrhosis. | Hepa-
tol 1999; 30: 472-478 [PMID: 10190731 DOI: 10.1016/50168-
8278(99)80107-X]

Harbin WP, Robert NJ, Ferrucci JT. Diagnosis of cirrhosis
based on regional changes in hepatic morphology: a radio-
logical and pathological analysis. Radiology 1980; 135: 273-283
[PMID: 7367613 DOI: 10.1148/radiology.135.2.7367613]
Gaiani S, Gramantieri L, Venturoli N, Piscaglia F, Siringo S,
D’Errico A, Zironi G, Grigioni W, Bolondi L. What is the cri-
terion for differentiating chronic hepatitis from compensated
cirrhosis? A prospective study comparing ultrasonography
and percutaneous liver biopsy. | Hepatol 1997; 27: 979-985
[PMID: 9453422 DOI: 10.1016/S0168-8278(97)80140-7]

Colli A, Fraquelli M, Andreoletti M, Marino B, Zuccoli E,
Conte D. Severe liver fibrosis or cirrhosis: accuracy of US for
detection--analysis of 300 cases. Radiology 2003; 227: 89-94
[PMID: 12601199 DOI: 10.1148/radiol.2272020193]

Iwao T, Toyonaga A, Oho K, Tayama C, Masumoto H, Sakai
T, Sato M, Tanikawa K. Value of Doppler ultrasound param-
eters of portal vein and hepatic artery in the diagnosis of cir-
rhosis and portal hypertension. Am | Gastroenterol 1997; 92:
1012-1017 [PMID: 9177521]

Bernatik T, Strobel D, Hahn EG, Becker D. Doppler mea-
surements: a surrogate marker of liver fibrosis? Eur | Gas-
troenterol Hepatol 2002; 14: 383-387 [PMID: 11943950 DOI:
10.1097/00042737-200204000-00008]

Haktanir A, Cihan BS, Celenk C, Cihan S. Value of Doppler
sonography in assessing the progression of chronic viral
hepatitis and in the diagnosis and grading of cirrhosis. | Ul-
trasound Med 2005; 24: 311-321 [PMID: 15723843]

Albrecht T, Blomley M], Cosgrove DO, Taylor-Robinson
SD, Jayaram V, Eckersley R, Urbank A, Butler-Barnes J,
Patel N. Non-invasive diagnosis of hepatic cirrhosis by
transit-time analysis of an ultrasound contrast agent. Lan-
cet 1999; 353: 1579-1583 [PMID: 10334257 DOI: 10.1016/
50140-6736(98)06373-9]

Giuseppetti GM, Argalia G, Abbattista T. Liver cirrhosis:
evaluation of haemodynamic changes using an ultrasound
contrast agent. Eur | Radiol 2004; 51: 27-33 [PMID: 15186881
DOI: 10.1016/50720-048X(03)00212-2]

Quaia E. Microbubble ultrasound contrast agents: an up-
date. Eur Radiol 2007; 17: 1995-2008 [PMID: 17351779 DOI:
10.1007/500330-007-0623-0]

Abbattista T, Ridolfi F, Ciabattoni E, Marini F, Bendia E,
Brunelli E, Busilacchi P. Diagnosis of liver cirrhosis by
transit-time analysis at contrast-enhanced ultrasonography.
Radiol Med 2008; 113: 860-874 [PMID: 18587531 DOI: 10.1007/
511547-008-0292-3]

Goyal N, Jain N, Rachapalli V, Cochlin DL, Robinson M.
Non-invasive evaluation of liver cirrhosis using ultrasound.
Clin Radiol 2009; 64: 1056-1066 [PMID: 19822238 DOI:
10.1016/j.crad.2009.05.010]

Kudo M, Zheng RQ, Kim SR, Okabe Y, Osaki Y, Iijima H,
Itani T, Kasugai H, Kanematsu M, Ito K, Usuki N, Shimam-
atsu K, Kage M, Kojiro M. Diagnostic accuracy of imaging
for liver cirrhosis compared to histologically proven liver cir-
rhosis. A multicenter collaborative study. Intervirology 2008;
51 Suppl 1: 17-26 [PMID: 18544944 DOI: 10.1159/000122595]
Van Beers BE, Leconte I, Materne R, Smith AM, Jamart J,
Horsmans Y. Hepatic perfusion parameters in chronic liver
disease: dynamic CT measurements correlated with disease
severity. AJR Am | Roentgenol 2001; 176: 667-673 [PMID:
11222202 DOI: 10.2214/ ajr.176.3.1760667]

Zissen MH, Wang Z], Yee ], Aslam R, Monto A, Yeh BM.
Contrast-enhanced CT quantification of the hepatic fraction-
al extracellular space: correlation with diffuse liver disease
severity. AJR Am | Roentgenol 2013; 201: 1204-1210 [PMID:

WJG | www.wjgnet.com

16828

35

36

37

38

39

40

41

42

43

44

45

46

47

48

24261358 DOI: 10.2214/ AJR.12.10039]

Patel J, Sigmund EE, Rusinek H, Oei M, Babb JS, Taouli B.
Diagnosis of cirrhosis with intravoxel incoherent motion
diffusion MRI and dynamic contrast-enhanced MRI alone
and in combination: preliminary experience. | Magn Reson
Imaging 2010; 31: 589-600 [PMID: 20187201 DOI: 10.1002/
jmri.22081]

Taouli B, Tolia AJ, Losada M, Babb ]S, Chan ES, Bannan MA,
Tobias H. Diffusion-weighted MRI for quantification of liver
fibrosis: preliminary experience. AJR Am ] Roentgenol 2007;
189: 799-806 [PMID: 17885048 DOI: 10.2214/ AJR.07.2086]
Chon YE, Choi EH, Song K], Park JY, Kim do Y, Han KH,
Chon CY, Ahn SH, Kim SU. Performance of transient elas-
tography for the staging of liver fibrosis in patients with
chronic hepatitis B: a meta-analysis. PLoS One 2012; 7: 44930
[PMID: 23049764 DOI: 10.1371/journal.pone.0044930]
Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E, Da-
vidson BR, Burroughs AK. Elastography for the diagnosis of
severity of fibrosis in chronic liver disease: a meta-analysis
of diagnostic accuracy. | Hepatol 2011; 54: 650-659 [PMID:
21146892 DOI: 10.1016/].jhep.2010.07.033]

Shi KQ, Fan YC, Pan ZZ, Lin XF, Liu WY, Chen YP, Zheng
MH. Transient elastography: a meta-analysis of diagnostic
accuracy in evaluation of portal hypertension in chronic
liver disease. Liver Int 2013; 33: 62-71 [PMID: 22973991 DOI:
10.1111/1iv.12003]

Adebajo CO, Talwalkar JA, Poterucha JJ, Kim WR, Charlton
MR. Ultrasound-based transient elastography for the detec-
tion of hepatic fibrosis in patients with recurrent hepatitis C
virus after liver transplantation: a systematic review and me-
ta-analysis. Liver Transpl 2012; 18: 323-331 [PMID: 22140010
DOI: 10.1002/1t.22460]

Pang JX, Pradhan F, Zimmer S, Niu S, Crotty P, Tracey ],
Schneider C, Heitman SJ, Kaplan GG, Swain MG, Myers RP.
The feasibility and reliability of transient elastography using
Fibroscan®: a practice audit of 2335 examinations. Can | Gas-
troenterol Hepatol 2014; 28: 143-149 [PMID: 24619636]

Wong VW, Vergniol J, Wong GL, Foucher J, Chan AW,
Chermak F, Choi PC, Merrouche W, Chu SH, Pesque S, Chan
HL, de Lédinghen V. Liver stiffness measurement using XL
probe in patients with nonalcoholic fatty liver disease. Am
] Gastroenterol 2012; 107: 1862-1871 [PMID: 23032979 DOI:
10.1038/ajg.2012.331]

Arena U, Lupsor Platon M, Stasi C, Moscarella S, Assarat A,
Bedogni G, Piazzolla V, Badea R, Laffi G, Marra F, Mangia
A, Pinzani M. Liver stiffness is influenced by a standardized
meal in patients with chronic hepatitis C virus at different
stages of fibrotic evolution. Hepatology 2013; 58: 65-72 [PMID:
23447459 DOI: 10.1002/hep.26343]

Chan HL, Wong GL, Choi PC, Chan AW, Chim AM, Yiu
KK, Chan FK, Sung JJ, Wong VW. Alanine aminotransferase-
based algorithms of liver stiffness measurement by transient
elastography (Fibroscan) for liver fibrosis in chronic hepa-
titis B. ] Viral Hepat 2009; 16: 36-44 [PMID: 18673426 DOI:
10.1111/}.1365-2893.2008.01037.x]

Baekelandt MM, Castiglione M. Endometrial carcinoma:
ESMO clinical recommendations for diagnosis, treatment
and follow-up. Ann Oncol 2008; 19 Suppl 2: ii19-ii20 [PMID:
18456753]

Berzigotti A, De Gottardi A, Vukotic R, Siramolpiwat S,
Abraldes ]G, Garcia-Pagan JC, Bosch J. Effect of meal inges-
tion on liver stiffness in patients with cirrhosis and portal
hypertension. PLoS One 2013; 8: 58742 [PMID: 23520531
DOI: 10.1371/journal.pone.0058742]

Mederacke I, Wursthorn K, Kirschner J, Rifai K, Manns MP,
Wedemeyer H, Bahr MJ. Food intake increases liver stiff-
ness in patients with chronic or resolved hepatitis C virus
infection. Liver Int 2009; 29: 1500-1506 [PMID: 19732330 DOI:
10.1111/}.1478-3231.2009.02100.x]

Nierhoff J, Chavez Ortiz AA, Herrmann E, Zeuzem S,

December 7, 2014 | Volume 20 | Issue 45 |



49

50

51

52

53

54

55

56

57

58

59

60

61

JRaishideng®

Friedrich-Rust M. The efficiency of acoustic radiation force
impulse imaging for the staging of liver fibrosis: a meta-
analysis. Eur Radiol 2013; 23: 3040-3053 [PMID: 23801420
DOI: 10.1007 /s00330-013-2927-6]

Jaffer OS, Lung PF, Bosanac D, Patel VM, Ryan SM,
Heneghan MA, Quaglia A, Sidhu PS. Acoustic radiation
force impulse quantification: repeatability of measurements
in selected liver segments and influence of age, body mass
index and liver capsule-to-box distance. Br | Radiol 2012; 85:
€858-e863 [PMID: 22763032 DOI: 10.1259/bjr/74797353]
Sporea I, Sirli RL, Deleanu A, Popescu A, Focsa M, Danila
M, Tudora A. Acoustic radiation force impulse elastogra-
phy as compared to transient elastography and liver biopsy
in patients with chronic hepatopathies. Ultraschall Med
2011; 32 Suppl 1: S46-S52 [PMID: 20603783 DOI: 10.1055/
5-0029-1245360]

Cassinotto C, Lapuyade B, Ait-Ali A, Vergniol J, Gaye D,
Foucher ], Bailacq-Auder C, Chermak F, Le Bail B, de Léd-
inghen V. Liver fibrosis: noninvasive assessment with acous-
tic radiation force impulse elastography--comparison with
FibroScan M and XL probes and FibroTest in patients with
chronic liver disease. Radiology 2013; 269: 283-292 [PMID:
23630312 DOI: 10.1148/radiol.13122208]

Ferraioli G, Tinelli C, Dal Bello B, Zicchetti M, Filice G, Filice
C. Accuracy of real-time shear wave elastography for assess-
ing liver fibrosis in chronic hepatitis C: a pilot study. Hepa-
tology 2012; 56: 2125-2133 [PMID: 22767302 DOI: 10.1002/
hep.25936]

Cassinotto C, Lapuyade B, Mouries A, Hiriart JB, Vergniol ],
Gaye D, Castain C, Le Bail B, Chermak F, Foucher ], Laurent
F, Montaudon M, De Ledinghen V. Non-invasive assessment
of liver fibrosis with impulse elastography: comparison of
Supersonic Shear Imaging with ARFI and FibroScan®. |
Hepatol 2014; 61: 550-557 [PMID: 24815876]

Huwart L, Peeters F, Sinkus R, Annet L, Salameh N, ter Beek
LC, Horsmans Y, Van Beers BE. Liver fibrosis: non-invasive
assessment with MR elastography. NMR Biomed 2006; 19:
173-179 [PMID: 16521091 DOI: 10.1002/nbm.1030]

Huwart L, Sempoux C, Salameh N, Jamart J, Annet L, Sinkus
R, Peeters F, ter Beek LC, Horsmans Y, Van Beers BE. Liver
fibrosis: noninvasive assessment with MR elastography
versus aspartate aminotransferase-to-platelet ratio index.
Radiology 2007; 245: 458-466 [PMID: 17940304 DOI: 10.1148/
radiol.2452061673]

Chen J, Talwalkar JA, Yin M, Glaser KJ, Sanderson SO, Eh-
man RL. Early detection of nonalcoholic steatohepatitis in
patients with nonalcoholic fatty liver disease by using MR
elastography. Radiology 2011; 259: 749-756 [PMID: 21460032
DOI: 10.1148/radiol.11101942]

Huwart L, Sempoux C, Vicaut E, Salameh N, Annet L, Danse
E, Peeters F, ter Beek LC, Rahier J, Sinkus R, Horsmans Y,
Van Beers BE. Magnetic resonance elastography for the non-
invasive staging of liver fibrosis. Gastroenterology 2008; 135:
32-40 [PMID: 18471441 DOI: 10.1053/j.gastro.2008.03.076]
Bohte AE, Garteiser P, De Niet A, Groot PF, Sinkus R, Stoker
J, Nederveen AJ. MR elastography of the liver: defining
thresholds for detecting viscoelastic changes. Radiology 2013;
269: 768-776 [PMID: 23824991 DOI: 10.1148/radiol. 13122669]
Chou R, Wasson N. Blood tests to diagnose fibrosis or cirrho-
sis in patients with chronic hepatitis C virus infection. Ann
Intern Med 2013; 159: 372 [PMID: 24026329 DOI: 10.7326,/0003
-4819-159-5-201309030-00021]

Festi D, Schiumerini R, Marzi L, Di Biase AR, Mandolesi D,
Montrone L, Scaioli E, Bonato G, Marchesini-Reggiani G,
Colecchia A. Review article: the diagnosis of non-alcoholic
fatty liver disease -- availability and accuracy of non-invasive
methods. Aliment Pharmacol Ther 2013; 37: 392-400 [PMID:
23278163 DOI: 10.1111/ apt.12186]

Zhu X, Wang LC, Chen EQ, Chen XB, Chen LY, Liu L, Lei
XZ, Liu C, Tang H. Prospective evaluation of FibroScan

WJG | www.wjgnet.com

16829

62

63

64

65

66

67

68

69

70

71

72

73

Sharma S et a/. Non-invasive diagnosis of cirrhosis

for the diagnosis of hepatic fibrosis compared with liver
biopsy/AST platelet ratio index and FIB-4 in patients with
chronic HBV infection. Dig Dis Sci 2011; 56: 2742-2749 [PMID:
21399926 DOI: 10.1007/510620-011-1659-1]

Naveau S, Gaudé G, Asnacios A, Agostini H, Abella A, Bar-
ri-Ova N, Dauvois B, Prévot S, Ngo Y, Munteanu M, Balian
A, Njiké-Nakseu M, Perlemuter G, Poynard T. Diagnostic
and prognostic values of noninvasive biomarkers of fibrosis
in patients with alcoholic liver disease. Hepatology 2009; 49:
97-105 [PMID: 19053048 DOI: 10.1002/ hep.22576]
Imbert-Bismut F, Ratziu V, Pieroni L, Charlotte F, Ben-
hamou Y, Poynard T. Biochemical markers of liver fibrosis in
patients with hepatitis C virus infection: a prospective study.
Lancet 2001; 357: 1069-1075 [PMID: 11297957 DOI: 10.1016/
50140-6736(00)04258-6]

Kim BK, Kim SU, Kim HS, Park JY, Ahn SH, Chon CY,
Cho IR, Joh DH, Park YN, Han KH, Kim do Y. Prospective
validation of FibroTest in comparison with liver stiffness
for predicting liver fibrosis in Asian subjects with chronic
hepatitis B. PLoS One 2012; 7: 35825 [PMID: 22536445 DOI:
10.1371/journal.pone.0035825]

Poynard T, Morra R, Halfon P, Castera L, Ratziu V, Imbert-
Bismut F, Naveau S, Thabut D, Lebrec D, Zoulim F, Bour-
liere M, Cacoub P, Messous D, Munteanu M, de Ledinghen V.
Meta-analyses of FibroTest diagnostic value in chronic liver
disease. BMC Gastroenterol 2007; 7: 40 [PMID: 17937811 DOI:
10.1186/1471-230X-7-40]

Castéra L, Vergniol ], Foucher J, Le Bail B, Chanteloup E,
Haaser M, Darriet M, Couzigou P, De Lédinghen V. Pro-
spective comparison of transient elastography, Fibrotest,
APRI, and liver biopsy for the assessment of fibrosis in
chronic hepatitis C. Gastroenterology 2005; 128: 343-350 [PMID:
15685546 DOI: 10.1053/j.gastro.2004.11.018]

Poynard T, Munteanu M, Deckmyn O, Ngo Y, Drane F, Cas-
tille JM, Housset C, Ratziu V, Imbert-Bismut F. Validation of
liver fibrosis biomarker (FibroTest) for assessing liver fibro-
sis progression: proof of concept and first application in a
large population. ] Hepatol 2012; 57: 541-548 [PMID: 22612998
DOI: 10.1016/j.jhep.2012.04.025]

Poynard T, Munteanu M, Ngo Y, Castera L, Halfon P, Ratziu
V, Imbert-Bismut F, Thabut D, Bourliere M, Cacoub P, Mes-
sous D, de Ledinghen V. ActiTest accuracy for the assess-
ment of histological activity grades in patients with chronic
hepatitis C, an overview using Obuchowski measure. Gas-
troenterol Clin Biol 2010; 34: 388-396 [PMID: 20580175 DOI:
10.1016/j.gcb.2010.05.001]

McPherson S, Stewart SF, Henderson E, Burt AD, Day CP.
Simple non-invasive fibrosis scoring systems can reliably ex-
clude advanced fibrosis in patients with non-alcoholic fatty
liver disease. Gut 2010; 59: 1265-1269 [PMID: 20801772 DOI:
10.1136/ gut.2010.216077]

Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Mon-
taner J, S Sulkowski M, Torriani FJ, Dieterich DT, Thomas
DL, Messinger D, Nelson M. Development of a simple non-
invasive index to predict significant fibrosis in patients with
HIV/HCV coinfection. Hepatology 2006; 43: 1317-1325 [PMID:
16729309 DOI: 10.1002/hep.21178]

Vallet-Pichard A, Mallet V, Nalpas B, Verkarre V, Nalpas A,
Dhalluin-Venier V, Fontaine H, Pol S. FIB-4: an inexpensive
and accurate marker of fibrosis in HCV infection. compari-
son with liver biopsy and fibrotest. Hepatology 2007; 46: 32-36
[PMID: 17567829 DOI: 10.1002/hep.21669]

Shah AG, Lydecker A, Murray K, Tetri BN, Contos M]J,
Sanyal AJ. Comparison of noninvasive markers of fibrosis
in patients with nonalcoholic fatty liver disease. Clin Gas-
troenterol Hepatol 2009; 7: 1104-1112 [PMID: 19523535 DOI:
10.1016/j.cgh.2009.05.033]

Angulo P, Hui JM, Marchesini G, Bugianesi E, George ],
Farrell GC, Enders F, Saksena S, Burt AD, Bida JP, Lindor
K, Sanderson SO, Lenzi M, Adams LA, Kench J, Therneau

December 7, 2014 | Volume 20 | Issue 45 |



74

75

76

77

78

79

80

81

82

83

84

85

JRaishideng®

Sharma S et a/. Non-invasive diagnosis of cirrhosis

TM, Day CP. The NAFLD fibrosis score: a noninvasive sys-
tem that identifies liver fibrosis in patients with NAFLD.
Hepatology 2007; 45: 846-854 [PMID: 17393509 DOI: 10.1002/
hep.21496]

Xun YH, Fan JG, Zang GQ, Liu H, Jiang YM, Xiang ], Huang
Q, Shi JP. Suboptimal performance of simple noninvasive
tests for advanced fibrosis in Chinese patients with nonal-
coholic fatty liver disease. ] Dig Dis 2012; 13: 588-595 [PMID:
23107446 DOI: 10.1111/j.1751-2980.2012.00631.x]

Musso G, Gambino R, Cassader M, Pagano G. Meta-
analysis: natural history of non-alcoholic fatty liver disease
(NAFLD) and diagnostic accuracy of non-invasive tests for
liver disease severity. Ann Med 2011; 43: 617-649 [PMID:
21039302 DOI: 10.3109/07853890.2010.518623]

Koda M, Matunaga Y, Kawakami M, Kishimoto Y, Suou
T, Murawaki Y. FibroIndex, a practical index for predict-
ing significant fibrosis in patients with chronic hepatitis C.
Hepatology 2007; 45: 297-306 [PMID: 17256741 DOI: 10.1002/
hep.21520]

McHutchison JG, Blatt LM, de Medina M, Craig JR, Conrad
A, Schiff ER, Tong MJ]. Measurement of serum hyaluronic
acid in patients with chronic hepatitis C and its relation-
ship to liver histology. Consensus Interferon Study Group. |
Gastroenterol Hepatol 2000; 15: 945-951 [PMID: 11022838 DOI:
10.1046/}.1440-1746.2000.02233.x]

Parés A, Deulofeu R, Giménez A, Caballeria L, Bruguera
M, Caballeria ], Ballesta AM, Rodés J. Serum hyaluronate
reflects hepatic fibrogenesis in alcoholic liver disease and is
useful as a marker of fibrosis. Hepatology 1996; 24: 1399-1403
[PMID: 8938169 DOI: 10.1002/hep.510240615]

Suzuki A, Angulo P, Lymp ], Li D, Satomura S, Lindor K.
Hyaluronic acid, an accurate serum marker for severe hepat-
ic fibrosis in patients with non-alcoholic fatty liver disease.
Liver Int 2005; 25: 779-786 [PMID: 15998429 DOI: 10.1111/
j.1478-3231.2005.01064.x]

Adams LA, Bulsara M, Rossi E, DeBoer B, Speers D, George J,
Kench J, Farrell G, McCaughan GW, Jeffrey GP. Hepascore:
an accurate validated predictor of liver fibrosis in chronic
hepatitis C infection. Clin Chem 2005; 51: 1867-1873 [PMID:
16055434 DOI: 10.1373/ clinchem.2005.048389]

Babbs C, Smith A, Hunt LP, Rowan BP, Haboubi NY,
Warnes TW. Type III procollagen peptide: a marker of
disease activity and prognosis in primary biliary cirrhosis.
Lancet 1988; 1: 1021-1024 [PMID: 2896870 DOI: 10.1016/
50140-6736(88)91843-0]

Mutimer DJ, Bassendine MF, Kelly P, James OF. Is measure-
ment of type III procollagen amino propeptide useful in
primary biliary cirrhosis? | Hepatol 1989; 9: 184-189 [PMID:
2809158 DOI: 10.1016/0168-8278(89)90049-4]

Mitchell D, Smith A, Rowan B, Warnes TW, Haboubi NY,
Lucas SB, Chalmers R]. Serum type III procollagen peptide,
dynamic liver function tests and hepatic fibrosis in psoriatic
patients receiving methotrexate. Br | Dermatol 1990; 122: 1-7
[PMID: 2297495 DOI: 10.1111/.1365-2133.1990.tb08232.x]
Tanwar S, Trembling PM, Guha IN, Parkes ], Kaye P, Burt
AD, Ryder SD, Aithal GP, Day CP, Rosenberg WM. Valida-
tion of terminal peptide of procollagen III for the detection
and assessment of nonalcoholic steatohepatitis in patients
with nonalcoholic fatty liver disease. Hepatology 2013; 57:
103-111 [PMID: 22930399 DOI: 10.1002/hep.26030]

Li J, Rosman AS, Leo MA, Nagai Y, Lieber CS. Tissue in-
hibitor of metalloproteinase is increased in the serum of
precirrhotic and cirrhotic alcoholic patients and can serve as

WJG | www.wjgnet.com

86

87

88

89

90

91

92

93

94

95

96

16830

a marker of fibrosis. Hepatology 1994; 19: 1418-1423 [PMID:
8188171 DOI: 10.1002/ hep.1840190616]

Lee MH, Cheong JY, Um SH, Seo YS, Kim DJ, Hwang SG,
Yang JM, Han KH, Cho SW. Comparison of surrogate serum
markers and transient elastography (Fibroscan) for assess-
ing cirrhosis in patients with chronic viral hepatitis. Dig
Dis Sci 2010; 55: 3552-3560 [PMID: 20428950 DOI: 10.1007/
s10620-010-1219-0]

Leroy V, Monier F, Bottari S, Trocme C, Sturm N, Hilleret
MN, Morel F, Zarski JP. Circulating matrix metalloprotein-
ases 1, 2, 9 and their inhibitors TIMP-1 and TIMP-2 as serum
markers of liver fibrosis in patients with chronic hepatitis
C: comparison with PIIINP and hyaluronic acid. Am | Gas-
troenterol 2004; 99: 271-279 [PMID: 15046217 DOI: 10.1111/
j-1572-0241.2004.04055.x]

Zhu CL, Li WT, Li Y, Gao RT. Serum levels of tissue inhibi-
tor of metalloproteinase-1 are correlated with liver fibrosis in
patients with chronic hepatitis B. | Dig Dis 2012; 13: 558-563
[PMID: 23107442 DOI: 10.1111/j.1751-2980.2012.00629.x]
Ngjgaard C, Johansen ]S, Christensen E, Skovgaard LT,
Price PA, Becker U. Serum levels of YKL-40 and PIIINP as
prognostic markers in patients with alcoholic liver disease.
] Hepatol 2003; 39: 179-186 [PMID: 12873813 DOI: 10.1016/
50168-8278(03)00184-3]

Saitou Y, Shiraki K, Yamanaka Y, Yamaguchi Y, Kawakita
T, Yamamoto N, Sugimoto K, Murata K, Nakano T. Nonin-
vasive estimation of liver fibrosis and response to interferon
therapy by a serum fibrogenesis marker, YKL-40, in patients
with HCV-associated liver disease. World | Gastroenterol 2005;
11: 476-481 [PMID: 15641129]

Mehta P, Ploutz-Snyder R, Nandi ], Rawlins SR, Sanderson
SO, Levine RA. Diagnostic accuracy of serum hyaluronic acid,
FIBROSpect II, and YKL-40 for discriminating fibrosis stages
in chronic hepatitis C. Am | Gastroenterol 2008; 103: 928-936
[PMID: 18371145 DOI: 10.1111/j.1572-0241.2007.01761.x]
Rosenberg WM, Voelker M, Thiel R, Becka M, Burt A, Sch-
uppan D, Hubscher S, Roskams T, Pinzani M, Arthur MJ.
Serum markers detect the presence of liver fibrosis: a cohort
study. Gastroenterology 2004; 127: 1704-1713 [PMID: 15578508
DOI: 10.1053/j.gastro.2004.08.052]

Guha IN, Parkes ], Roderick P, Chattopadhyay D, Cross R,
Harris S, Kaye P, Burt AD, Ryder SD, Aithal GP, Day CP,
Rosenberg WM. Noninvasive markers of fibrosis in nonal-
coholic fatty liver disease: Validating the European Liver Fi-
brosis Panel and exploring simple markers. Hepatology 2008;
47: 455-460 [PMID: 18038452 DOI: 10.1002/hep.21984]
Nobili V, Parkes J, Bottazzo G, Marcellini M, Cross R, New-
man D, Vizzutti F, Pinzani M, Rosenberg WM. Performance
of ELF serum markers in predicting fibrosis stage in pediatric
non-alcoholic fatty liver disease. Gastroenterology 2009; 136:
160-167 [PMID: 18992746 DOI: 10.1053 /j.gastro.2008.09.013]
Parkes J, Guha IN, Roderick P, Harris S, Cross R, Manos
MM, Irving W, Zaitoun A, Wheatley M, Ryder S, Rosenberg
W. Enhanced Liver Fibrosis (ELF) test accurately identi-
fies liver fibrosis in patients with chronic hepatitis C. |
Viral Hepat 2011; 18: 23-31 [PMID: 20196799 DOI: 10.1111/
j-1365-2893.2009.01263.x]

Kim BK, Kim HS, Park JY, Kim do Y, Ahn SH, Chon CY,
Park YN, Han KH, Kim SU. Prospective validation of ELF
test in comparison with Fibroscan and FibroTest to predict
liver fibrosis in Asian subjects with chronic hepatitis B. PLoS
One 2012; 7: e41964 [PMID: 22848675 DOI: 10.1371/journal.
pone.0041964]

P- Reviewer: Bosca L, Ferenci P, Fernandez-Rodriguez CM,
Ocker M, Pares A, Tovo CV  S- Editor: Ma Y]
L- Editor: A E- Editor: Wang CH

December 7, 2014 | Volume 20 | Issue 45 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

ISSN1007-9327

“‘” ‘H Il
© 2014 Baishideng Publishing Group Inc. All rights reserved.




