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Noninvasive Methods to Assess Liver Disease in Patients With Hepatitis
B or C
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The prognosis and management of patients with
chronic viral hepatitis B and C depend on the amount
and progression of liver fibrosis and the risk for cir-
rhosis. Liver biopsy, traditionally considered to be the
reference standard for staging of fibrosis, has been
challenged over the past decade by the development of
noninvasive methodologies. These methods rely on
distinct but complementary approaches: a biologic
approach, which quantifies serum levels of biomark-
ers of fibrosis, and a physical approach, which measures
iver stiffness by ultrasound or magnetic resonance elas-
ography. Noninvasive methods were initially studied
nd validated in patients with chronic hepatitis C but
re now used increasingly for patients with hepatitis
, reducing the need for liver biopsy analysis. We

eview the advantages and limitations of the noninva-
ive methods used to manage patients with chronic
iral hepatitis B or C infection.

eywords: Diagnostic Test; Virology; Treatment; Therapy.

It is important to assess liver disease in patients with
viral hepatitis B or C, not only to determine prognosis

ut to identify patients who require antiviral therapy.1–5

Liver biopsy has traditionally been the standard for eval-
uation of tissue damage, including fibrosis.6 Histologic
taging of liver fibrosis is a combinatorial assessment of
mount of fibrosis and architectural disorganization us-
ng the Ishak7 and METAVIR8 semiquantitative scoring

systems. The clinically relevant end points are detection of
significant fibrosis (METAVIR, F �2 or Ishak, �3), which
indicates that patients with hepatitis B or C should receive
antiviral treatment, and detection of cirrhosis (METAVIR,
F4 or Ishak, 5– 6), which indicates that patients should be
monitored for complications related to portal hyperten-
sion and hepatocellular carcinoma (HCC).1,5

Liver biopsy analysis has several limitations. It is an
invasive procedure that is prone to sampling errors and to

intra- and interobserver variation.9,10 Recent American
Association for the Study of Liver Diseases guidelines
recommended a biopsy of at least 2–3 cm in length,
obtained with a 16-gauge needle, that contains more than
11 complete portal tracts for adequate staging and grad-
ing of diffuse parenchymal disease.11 However, in clinical
practice, few percutaneous needle biopsies meet these
criteria.

These limitations, as well as powerful virologic tools for
determining genotypes and viral load and new antiviral
drugs, have rapidly reduced the use of liver biopsy in
management of patients with viral hepatitis. The develop-
ment of noninvasive methods to assess liver fibrosis over
the past decade has advanced the practice of hepatology.12

Apart from assessing liver fibrosis, these noninvasive
methods could be used in deciding whether to treat a
patient or defer antiviral treatment, in monitoring pa-
tients’ response to treatment and progression of disease,
and in determining prognosis. We review methods for
noninvasive evaluation of liver fibrosis and discuss their
advantages and limitations in managing patients with
viral hepatitis B or C.

Methodologies
The performance of a noninvasive diagnostic

method is evaluated by calculation of the area under the
receiver operator characteristic curve (AUROC), taking
liver biopsy as the reference standard. However, biopsy
analysis is an imperfect reference standard: taking into
account a range of accuracies of the biopsy, even in the

Abbreviations used in this paper: ALT, alanine aminotransferase;
APRI, aspartate-to-platelet ratio index; ARFI, acoustic radiation force
impulse imaging; AST, aspartate aminotransferase; AUROC, area under
the receiver operator characteristic curve; HVPG, hepatic venous pres-
sure gradient; HBeAg, hepatitis e antigen; MR, magnetic resonance; TE,
transient elastography.
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best possible scenario, an AUROC �0.90 cannot be
achieved even for a perfect marker of liver disease.13

The AUROC can vary based on the prevalence of each
stage of fibrosis, described as spectrum bias.14 Spectrum

ias has important implications for the study of nonin-
asive methods, particularly in comparisons of methods
cross different study populations. If extreme stages of
brosis (F0 and F4) are over-represented in a population,
he sensitivity and specificity of a diagnostic will be higher
han in a population of patients that has middle stages of
brosis (F1 and F2). Several ways of preventing the “spec-
rum bias” have been proposed including the adjustment
f AUROC using the DANA method (standardization
ccording to the prevalence of fibrosis stages; Difference
n Advanced [F2-F3-F4] and Nonadvanced [F0-F1] fibro-
is) and nonadvanced (F0-F1) fibrosis)15,16 or the Obu-
howski measure (designed for ordinal gold standards).17

What really matters in clinical practice is the number of
patients correctly classified by noninvasive methods for a
defined end point according to the reference standard (ie,
true positive and true negative).

Noninvasive Methods
Fibrosis can be measured noninvasively, based on a

“biological” approach (quantifying biomarkers in serum
samples) or based on a “physical” approach (measuring

Table 1. Currently Available Noninvasive Methods to Assess L

Serum biomarkers
HCV

Fibrotest (Biopredictive, Paris, France) patented formula combinin
bilirubin, age, and gender

Forn index � 7.811 � 3.131 � In�platelet count� � 0.781 �
AST to platelet ratio �APRI� � AST �⁄ULN�⁄platelet �109⁄L� � 100
FibroSpectII (Promotheus Laboratory Inc, San Diego, CA) patente
MP3 � 0.5903 � log PIIINP �ng⁄mL� � 0.1749 � log MMP-1 �
Enhanced liver fibrosis score (ELF) (iQur Ltd, Southampton, UK) p
Fibrosis probability index �FPI� � 10.929 � �1.827 � LnAST�

�0.385 � HOMA-IR� � �0.447 � cholesterol�
Hepascore (PathWest, University of Western Australia, Perth, Aus

macroglobulin, age, and gender
Fibrometers (BioLiveScale, Angers, France) patented formula com

hyaluronate, urea, and age
Lok index � � 5.56 � 0.0089 � platelet �103⁄mm3� � 1.26
Goteborg University cirrhosis index �GUCI� � AST � prothrombin
Virahep � c model � 5.17 � 0.20 � race � 0.07 � age �ye

1.38 In �alkaline phosphatase �IU⁄L	
Fibroindex � 1.738 � 0.064 � �platelets �104⁄mm3	� � 0.00
FIB-4 � age �years� � AST �U⁄L	⁄�platelets �109⁄L	 � �ALT �U⁄L	�1⁄2

HALT-C model � � 3.66 � 0.00995 � platelets �103⁄mL� �
HBV

Hui score � 3.148 � 0.167 � BMI � 0.088 � bilirubin �
Zeng score � 13.995 � 3.220 log ��-2-macroglobulin� � 3.0

Measurement of liver stiffness
Transient elastography: FibroScan (Echosens, Paris, France) (res
Acoustic radiation force impulse imaging: Acuson 2000 Virtual To

(results ranging from 0.5 to 4.4 meters/sec)
Magnetic resonance elastography (results ranging from 0.5 to 10

aGraded as 0–2.
liver stiffness). Although these approaches are comple-
mentary, they are based on a different rationale. Liver
stiffness corresponds to a genuine and intrinsic physical
property of liver parenchyma, whereas serum biomarkers
indicate several, not strictly liver-specific features of blood
that have been associated with fibrosis stage, as assessed
by liver biopsy.

Markers of Liver Fibrosis in Serum

Many serum biomarkers have been evaluated for
their ability to determine stage of liver fibrosis, mainly in
patients with chronic hepatitis C (for review, see Pinzani
et al,18 Manning and Afdhal,19 and Castera20). Among the
proposed markers, the so– called direct markers reflect the
deposition or removal of extracellular matrix in the liver.
These include glycoproteins such as serum hyaluronate,
laminin, and YKL-40 and collagens such as procollagen III
N-peptide and type IV collagen, collagenases, and their
inhibitors such as matrix metalloproteases and tissue in-
hibitory metalloprotease-1. So– called indirect markers in-
clude factors that can be measured in routine blood tests,
such as the prothrombin index, platelet count, and ratio
of aspartate aminotransferase (AST) to alanine amino-
transferase (ALT), which indicate alterations in hepatic
function. Results from measurements of direct and indi-
rect markers can be combined and used in diagnosis; the
FibroTest (proprietary formula; Biopredictive, Paris,

r Disease in Patients With Hepatitis B or C

-2-macroglobulin, �GT, apolipoprotein A1, haptoglobin, total

�GGT� � 3.467 � In�age� � 0.014 � �cholesterol�

rmula combining �-2-macroglobulin, hyaluronate, and TIMP-1
L�

nted formula combining age, hyaluronate, MMP-3, and TIMP-1
�0.081 � age� � �0.768 � past alcohol usea� �

lia) patented formula combining bilirubin, �GT, hyaluronate, �-2-

ing platelet count, prothrombin index, AST, �-2-macroglobulin,

AST⁄ALT ratio � 5.27 � INR
R � 100⁄platelet
� � 1.19 In �AST �IU⁄L	� � 1.76 In �platelet count �103⁄mL	� �

�AST �IU⁄L	� � 0.463 � �� � globulin �g⁄dL	�

008 � serum � TIMP-1 � 1.42 � log �hyaluronate�

51 � albumin � 0.019 � platelet
�age� � 2.254 log �GGT� � 2.437 log �hyaluronate�

ranging from 2.5 to 75 kPa)
h Tissue Quantification (Siemens Healthcare, Erlangen, Germany)
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data.21 Several other scores22–37 have been proposed: 4 are
rotected by patents and are commercially available (Ta-
le 1). Nonproprietary methods use published models,
ased on routinely available laboratory tests.

The practical advantages of analyzing serum bio-
arkers to measure fibrosis include their high applica-

ility (�95%) and interlaboratory reproducibility38,39

and their potential widespread availability (Table 2).
However, none are liver specific—their results can be
influenced by comorbid conditions, and they require
critical interpretation of results. For instance, Fi-
broTest and Hepascore produce false-positive results in
patients with Gilbert’s syndrome or hemolysis because
these patients have hyperbilirubinemia.40 Similarly,
acute hepatitis can produce false-positive results in the
aspartate-to-platelet ratio index (APRI), Forns index,
FIB-4, or Fibrometer tests, which all measure levels of
aminotransferases.

Measuring Liver Stiffness
Transient elastography. Liver fibrosis can be

taged using 1-dimensional ultrasound transient elastog-
aphy (TE),41 which measures the velocity of a low-fre-
uency (50 Hz) elastic shear wave propagating through
he liver. This velocity is directly related to tissue stiffness,
alled the elastic modulus (expressed as E � 3�v2, where v is

Table 2. Respective Advantages and Disadvantages of Curren
or C

Serum biomarkers Transient elastogra

dvantages ● Good reproducibility
● High applicability (95%)
● Low cost and wide

availability
(nonpatented)

● Well validated

● Liver stiffness is a g
physical property of
tissue

● Good reproducibility
● Well validated
● High performance fo

cirrhosis
● User-friendly (rapid,

immediately availabl
short learning curve)

● Can be performed in
outpatient clinic

● Prognostic value in
cirrhosis

Disadvantages ● Nonspecific of the liver
● Unable to discriminate

between intermediate
stages of fibrosis

● Performance not as
good as TE for
cirrhosis

● Results not
immediately available

● Cost and limited
availability (proprietary)

● Limitations (hemolysis,
Gilbert syndrome,
inflammation. . .) 
5%

● Requires a dedicate
device

● Region of interest ca
be chosen

● Unable to discrimina
between intermediat
stages of fibrosis

● Low applicability (80
obesity, ascites, lim
operator experience)

● False positive in cas
acute hepatitis, extr
hepatic cholestasis,
congestion
he shear velocity, and � is the density of tissue, assumed l
to be constant). The stiffer the tissue, the faster the shear
wave propagates. TE measures liver stiffness in a volume
that approximates a cylinder that is 1-cm wide and 4-cm
long, 25– 65 mm below skin surface. The results are ex-
pressed in kilopascals (kPa) and range from 2.5 to 75 kPa;
a normal value is around 5 kPa.42– 44

Advantages to TE include a short procedure time (
5
minutes), immediate results, and the ability to perform
the test at the bedside or in an outpatient clinic: it is
not a difficult procedure to learn (Table 2). However,
accurate results45,46 require careful interpretation of
data, based on at least 10 validated measurements, a
success rate (the ratio of valid measurements to the
total number of measurement) above 60%, and an in-
terquartile range (IQR; reflects variations among mea-
surements) of less than 30% of the median value
(IQR/M, �30%).47 Although TE analysis has excellent
nter- and intraobserver agreement,48,49 its applicability

(80%) is not as good as that of serum biomarkers.
Failure to obtain any measurement has been reported
in 3% of cases, and unreliable results (not meeting
manufacturer’s recommendations) have been reported
for 16%,50 mostly because of patient obesity or limited

perator experience. A new probe (XL probe; Echosens,
aris, France) has been proposed to overcome these

Available Noninvasive Methods in Patients With Hepatitis B

Measurement of liver stiffness

ARFI MR elastography

ine
r

lts

● Liver stiffness is a genuine
physical property of liver
tissue

● Performance likely
equivalent to that of TE

● Region of interest smaller
than TE but chosen by
the operator

● Can be implemented on a
regular ultrasound machine

● High applicability:
overcomes the limitations
of TE (ascites and obesity)

● Liver stiffness is a genuine
physical property of liver
tissue

● Performance may be
higher than TE for
significant fibrosis

● Examination of the whole
liver

● Can be implemented on a
regular MRI machine

● High applicability:
overcomes the limitations
of TE (ascites and obesity)

ot

f

● Ongoing validation
● Unable to discriminate

between intermediate
stages of fibrosis

● Narrow range of values
● Quality criteria not well

defined
● Prognostic value in

cirrhosis?

● Further validation
warranted

● Not applicable in case of
iron overload

● Requires an MRI facility
● Time-consuming
● Costly
tly
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imitations for overweight and obese patients.51 Apart
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from obese patients, TE results can also be difficult to
obtain from patients with narrow intercostal space and
are impossible to obtain from patients with ascites.41

The liver is an organ wrapped in a distensible but
nonelastic envelope (Glisson’s capsula), so additional
space-occupying tissue abnormalities, such as edema,
inflammation, extrahepatic cholestasis, or congestion,
can interfere with measurements of liver stiffness, in-
dependently of fibrosis.52 The influence of steatosis is a

atter of debate.53,54

Other imaging methods. Several other liver elas-
icity-based imaging techniques are being developed, in-
luding (2-D) acoustic radiation force impulse imaging
ARFI) and 3-D magnetic resonance (MR) elastography.
RFI involves mechanical excitation of tissue using short-
uration (�262 �sec) acoustic pulses that propagate
hear waves and generate localized, �-scale displacements
n tissue.55 The shear-wave velocity (expressed in meters/
ec) is measured in a smaller region than in TE (10-mm
ong and 6-mm wide) but can be chosen by the operator.
he major advantage of ARFI is that it can be easily

mplemented on a modified commercial ultrasound ma-
hine (Acuson 2000 Virtual Touch Tissue Quantification;
iemens Healthcare, Erlangen, Germany). However, ARFI
alues, in contrast to TE values, have a narrow range
0.5– 4.4 meters/sec). This limits definitions of cut-off
alues for patient management decisions.

MR elastography uses a modified phase-contrast
ethod to image the propagation characteristics of the

hear wave in the liver.56 Elasticity is quantified by MR

Table 3. Diagnostic Performance of Serum Biomarkers of Fibr
Patients With Hepatitis B or C

Biomarkers Etiologies Year Patients (n) F �2 (%)

FibroTest21 HCV 2001 339 80
orns Index22 HCV 2002 476 26

APRI23 HCV 2003 270 50

FibroSpectII24 HCV 2004 696 52
P325 HCV 2004 194 45

ELF26 Mixed 2004 1021/496a 40

PI27 HCV 2005 302 48
Hepascore28 HCV 2005 211 57

ibrometer29 Mixed 2005 598/503b 56
ok index30 HCV 2005 1141

GUCI31 HCV 2005 179
iraHep-C34 HCV 2006 398 37
ibroindex35 HCV 2007 360 50

FIB-436 HCV 2007 847
ALT-C model37 HCV 2008 512

Hui Score32 HBV 2005 235 25
eng score33 HBV 2005 372 58

AUROC, area under ROC curve; CC, correctly classified: true positive a
available; Se, sensitivity; Sp specificity.
aNumber of HCV patients.
bNumber of patients with viral hepatitis.
cF3-F4 patients.
elastography (expressed in kilopascals) using a formula
that determines the shear modulus, which is equivalent to
one-third the Young’s modulus used with TE.57 The the-
oretical advantages of MR elastography include its ability
to analyze almost the entire liver and its applicability to
patients with obesity or ascites. However, MR elastogra-
phy cannot be performed in livers of patients with iron
overload because of signal-to-noise limitations and it is
too costly and time-consuming to use in routine practice.

Diagnostic Performance
Quantifying Markers of Liver Fibrosis in
Serum
The diagnostic performances of serum biomarkers

of fibrosis for significant fibrosis and cirrhosis are sum-
marized in Table 3. Overall, biomarkers are less accurate
in detecting intermediate stages of fibrosis than cirrhosis.
The most widely used and validated are the APRI (a free
nonpatented index) and the FibroTest (a patented test
that is not widely available). A meta-analysis by the devel-
oper58 that analyzed data from 6378 subjects (individual
data from 3282 subjects) who received the FibroTest and
biopsies (3501 with hepatitis C virus [HCV] infection and
1457 with hepatitis B virus [HBV]) found that the mean
standardized AUROC for diagnosis of significant fibrosis
was 0.84, without significant differences between patients
with HCV (0.85) and HBV (0.80). Another meta-analysis59

analyzed results from 6259 HCV patients from 33 studies;
the mean AUROC values from the APRI in diagnosis of
significant fibrosis and cirrhosis were 0.77 and 0.83, re-

is for Significant Fibrosis (F �2) and Cirrhosis (F4) in

4 (%) Cut-offs AUROC Se (%) Sp (%) CC (%)

�0.48 0.87 75 85 46

4.2 �6.9 0.81 30–94 51–95 45
�0.5 �1.5 0.80 41–91 47–95 44

17 
1.0 �2.0 0.89 57–89 75–93 72
�0.36 0.83 77 73 75


0.3 �0.4 0.82 35–65 85–96 NA
0.102 0.78 87 51 NA

12 NA 0.89 NA NA NA
�0.2 �0.8 0.77 42–85 48–98 20

�0.5 0.82 63 89 92
16 �0.84 0.89 71 89 NA

NA 0.89 80 84 82
38 
0.2 �0.5 0.81 40–98 53–99 52
12 �0.1 0.85 80 70 NA

�0.22 �0.55 0.83 51–90 54–90 52
�1.25 � 2.25 0.83 30–40 97–97 35

17c 
1.45 �3.25 0.85 38–74 81–98 68
38 
0.2 �0.5 0.81 47–88 45–92 48

�0.15 �0.5 0.79 37–88 50–88 49

3.0 �8.7 0.77 40–98 28–90 35

negative; HBV, chronic hepatitis B; HCV, chronic hepatitis C; NA, not
os

F

nd
spectively. When compared and validated externally in
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patients with hepatitis C,60 – 65 the FibroTest and biopsy
nalysis had similar levels of performance in diagnosis of
ignificant fibrosis. The largest study (of 913 HCV and
84 HBV patients) prospectively compared the most pop-
lar patented tests (FibroTest, Fibrometre, and Hepacore)
ith the nonpatented test (APRI); the AUROC values for

ignificant fibrosis ranged from 0.72 to 0.78 with no
ignificant differences among scores.64 In patients with

cirrhosis, the AUROC values were higher, ranging from
0.77 to 0.86, with no significance in differences. Although
nonpatented tests such as the Forns index, FIB-4, and
APRI could perform less well, they do not incur additional
costs, are easy to calculate, and are available almost every-
where.

Measuring Liver Stiffness
Studies have assessed the ability of TE to quantify

liver fibrosis in patients with chronic hepatitis C66,67 and
have been largely confirmed53,64,65,68 and also confirmed in

atients with hepatitis B.64,69 –72 TE more accurately de-
tects cirrhosis (AUROC values, 0.87– 0.98; correct classifi-
cation ranging from 85% to 94%) than significant fibrosis
(AUROC values, 0.75– 0.93; correct classification from
57% to 90%) (Table 4). Interestingly, proposed cut-off
values for cirrhosis ranged from 11 kPa in patients with
hepatitis B to 14.8 kPa in patients with hepatitis C. Some
researchers have proposed that cut-off values be adapted
based on causes of liver disease.73 However, differences
among cut-off values could result from differences in

Table 4. Diagnostic Performance of Transient Elastography fo
Hepatitis B or C

Authors Etiologies Year
Patient

(n) F �2 (%)

Castera et al66 HCV 2005 183 74

Ziol et al67 HCV 2005 251 65

Arena et al53 HCV 2008 150 56

Lupsor et al68 HCV 2008 324 65

Degos et al64 HCV 2010 913 62

Zarski et al65 HCV 2012 382 47

Coco et al69 HBV (HCV) 2007 228 62

liveri et al70 HBV 2008 188 26

arcellin et al71 HBV 2009 173 50

Chan et al72 HBV 2009 161
Degos et al64 HBV 2010 284 42

AUROC, area under the receiver operator characteristic curve; CC, corr
chronic hepatitis C; NA, not available; Se, sensitivity; Sp, specificity.
aMore than half of patients with clinical cirrhosis.
bAdapted to ALT levels.
prevalence of cirrhosis among study populations (rang-
ing from 8% to 25%). A cut-off value for one population
might not be applicable to another, which has a differ-
ent prevalence of disease. Most studies used single
cut-off values for patients with cirrhosis or advanced
fibrosis, but more information can be obtained when
values are interpreted as a continuum. For example,
when liver stiffness values range from 2.5 to 7 kPa,
fibrosis is likely mild or absent, whereas when values are
above 13 kPa, cirrhosis is likely.47

Several meta-analyses74 –77 have confirmed the better
diagnostic performance of TE for cirrhosis than for
fibrosis, with mean AUROC values of 0.94 and 0.84,
respectively.76 In a meta-analysis of 40 studies (32 pa-

ers and 8 abstracts), sensitivity and specificity values
ere 0.83 and 0.89, respectively, for patients with cir-

hosis and 0.79 and 0.78, respectively, for patients with
ignificant fibrosis. However, only 9 studies (compris-
ng 1364 patients) had acceptable standards for liver bi-
psy and TE, which limit the conclusions. It will therefore
e important to perform meta-analyses of data from in-
ividual patients.
There are only limited data on the accuracy of ARFI and
R elastography. Preliminary results78 indicate that the

accuracy of ARFI is similar to that of TE. However, most
studies are based on small samples of heterogeneous pop-
ulations and do not always use liver biopsy as reference. A
single, pilot study of MR elastography (96 patients) re-
ported that it might be more accurate than TE in diag-

ignificant Fibrosis (F �2) and Cirrhosis (F4) in Patients With

F4 (%)

Cut-offs AUROC

Se (%) Sp (%) CC (%)(kPa)

7.1 0.83 67 89 73
25 12.5 0.95 87 91 90

8.6 0.79 56 91 68
19 14.6 0.87 86 96 94

7.8 0.91 83 82 83
19 14.8 0.98 94 92 92

7.4 0.86 76 84 79
21 11.9 0.94 87 91 90

5.2 0.75 90 32 57
14 12.9 0.90 72 89 87

5.2 0.82 97 35 64
14 12.9 0.93 77 90 88

8.3 0.93 85 91 87
50a 14.0 0.96 78 98 88

7.5 0.97 94 88 90
20a 11.8 0.97 86 96 94

7.2 0.81 70 83 76
8 11.0 0.93 93 87 94

25 12–13.4b 0.93 98 75 85
5.2 0.78 89 38 59

10 12.9 0.85 52 93 89

y classified: true positive and negative; HBV, chronic hepatitis B; HCV,
r S

ectl
nosis of significant fibrosis,79 but validation is required.
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Use in Clinical Practice
Assessing the Stage of Liver Disease
In clinical practice, the determination of fibrosis

stage does not need to be as exact as the pathologic
scoring system; the absolute stage is less important than
determining whether patients have mild or advanced liver
disease.

For identifying patients with significant fibrosis, sensi-
tivities and specificities above 85% can be considered suf-
ficient because there are no relevant clinical consequences
of false positives or false negatives.80 Because perfor-

ances of TE and serum biomarkers have been shown to
e equivalent,64 – 66 the use of either method could depend

on local availability. Strategies that combine 2 serum
biomarkers,81,82 or TE and serum biomarkers,66,83,84 have

een proposed to increase diagnostic accuracy in patients
ith hepatitis C (Supplementary Figure 1). The advantage
f combining 2 unrelated methods, such as TE and bio-
arkers, over the combination of 2 biomarkers is that TE

rovides more direct measurement of the liver structure
han biomarkers and that there is no relationship between
he applicability of TE (success rate and interquartile
ange) and that of a biomarker.83,85 Also, the combination
f TE and serum biomarkers might be more effective than
he combination of 2 biomarkers for detecting significant
brosis (significantly greater number of saved liver biop-
ies).86,87 However, this strategy has only been validated in
tudies of patients with hepatitis C, is more costly, and
ould be hampered by the lower applicability of TE, com-
ared with biomarkers.
Identification of patients with cirrhosis requires tests

ith higher levels of sensitivity because patients might
eed specific therapies and because patients must be
creened for complications. TE appears to be best suited
or cirrhosis screening because it has a higher level of
erformance than biomarker assays64,84,88; combining TE

with biomarkers does not increase diagnostic accu-
racy.65,84,88 However, the applicability of TE is lower (80%
s 95% for biomarker assays), and the performance levels
f these diagnostics might not differ for intention-to-
iagnose analysis.65

In summary, the accuracy and applicability of assays for
serum biomarkers and TE differ for patients with hepati-
tis B or C. For example, strategies to combine noninvasive
methods have been shown to increase diagnostic accuracy
in patients with HCV but have not yet been validated in
patients with HBV.89 –92 Serum levels of aminotransferases
should also be taken into account in interpreting re-
sults from TE in patients with hepatitis B.54 To avoid
the risk of false-positive results, some authors have
proposed to adapt TE cut-offs based on levels of ALT,72

a strategy that might not apply to patients with fluc-
tuating levels of ALT or hepatitis flares (Table 4). Con-
versely, in hepatitis e antigen (HBeAg)-negative patients
with normal levels of ALT, noninvasive methods, par-
ticularly TE, could be used as adjunct tools to measure-

ments of HBV DNA to follow inactive carriers or better a
identify patients who require liver biopsy (those with
ongoing disease activity or significant fibrosis, despite
normal levels of ALT).70,93–95

Deciding to Provide or Defer Antiviral
Therapy
It is important to emphasize that the effects and

indications for antiviral treatment differ between patients
with hepatitis B and C. For instance, in contrast to hep-
atitis C, treatment of hepatitis B is not curative and
usually prolonged. Apart from fibrosis staging, levels of
HBeAg, ALT, and HBV DNA have important roles in
treatment decisions for patients with hepatitis B.

In treatment-naïve patients with hepatitis C without
comorbidities such as alcoholism or non-alcoholic fatty
liver disease, noninvasive methods can be used as first-line
assays of fibrosis stage (Figure 1). In that respect, the use
of either TE or patented biomarkers (FibroTest, Fibrom-
eter, and Hepascore) was recommended, after an indepen-
dent systematic review, by the French Health Authori-
ties,96 and recently endorsed by the European Association
for Study of Liver Clinical Practice guidelines.5 However,
the HCV genotype should also be considered, along with
local availability of noninvasive methods and clinical rel-
evance.97 For instance, a liver biopsy might be necessary
or patients infected with HCV genotype 1 or 4, if there
re discordant results from TE and biomarker assays,
efore a treatment decision is made. In making the deci-
ion to re-treat a patient, a liver biopsy might be required
o identify factors that impaired the original response to
herapy, such as non-alcoholic steato-hepatitis, if a liver
iopsy was not previously performed.

However, with the development of direct-acting
gents,98,99 particularly with next-generation direct-acting

agents or interferon-free regimens, which produce higher
rates of sustained virologic response,100,101 discriminating

etween fibrosis stages F0-F1 and �F2 might not be
elevant in determining treatment indications.

Noninvasive tests for fibrosis have been less well-incor-
orated into management of HBV than HCV because
here have been fewer studies and because liver inflamma-
ion and HBV replication confound interpretation of test
esults. In treatment-naïve patients, noninvasive tests
ould be used for patients with levels of ALT 
2-fold the
pper limit of normal and levels of HBV DNA �20,000

U/mL (for HBeAg-positive patients) or �2000 IU/mL
for HBeAg-negative patients).1,2 Results from studies

combining TE and biomarker assays remain too prelimi-
nary to make recommendations. Some researchers have
proposed diagnostic algorithms that use dual TE cut-offs,
for positive and negative prediction of significant fibro-
sis.102 Obviously, the applicability of this dual cut-off
trategy is determined by the setting and the probability
hat patients have significant fibrosis. For instance, a
ut-off value 
6.2 kPa could rule out significant fibrosis
n virtually all patients (87%) with a low probability for
ignificant fibrosis, such as inactive carriers. Alternatively,
cut-off value of �9.4 kPa accurately predicted fibrosis



w

w
a

C
LI

N
IC

A
L

A
T

May 2012 DIAGNOSING LIVER DISEASE CAUSED BY HCV OR HBV 1299
(92%) in patients with a higher probability of significant
fibrosis, such as middle-aged, HBeAg-negative patients
with persistently abnormal levels of ALT. The remaining
patients should still undergo liver biopsy analysis.1

Monitoring Treatment Response
A major advantage of noninvasive methods, com-

pared with liver biopsy, is that the noninvasive assays can
be easily repeated over time as patients are followed. For
instance, in patients already receiving antiviral therapy,
TE and biomarker assays could be used to monitor re-
sponse to treatment and to evaluate fibrosis regression.
Significant histologic improvements have been docu-
mented in studies of paired liver biopsies from patients
with chronic hepatitis C who achieved sustained viral
eradication103,104 and patients with chronic hepatitis B

ho received long-term antiviral therapy.105,106 Several re-
cent studies reported a significant decrease in liver stiff-
ness and biomarkers values, compared with baseline val-
ues, in patients with HCV who achieved sustained viral
eradication,107–113 as well as in HBV-infected patients
treated with analogues.114 –121

Despite these encouraging results, following the prog-
ress of treated patients with TE or biomarkers can be
confounded by changing levels of ALT and inflammation.
Some tests for serum biomarkers include parameters that
could be affected by the resolution of inflammation (in-
cluding measurements of ALT and AST). Similarly, a
decrease in liver stiffness could result from reductions in
inflammatory activity, rather than fibrosis. However, in
the only study113 that assessed liver stiffness kinetics at
multiple time points during therapy (weeks 4 and 12) and
afterward (week 24), liver stiffness decreased significantly
with treatment among patients who did and did not
achieve sustain viral eradication; stiffness continued to

Figure 1. An algorithm that
combines 2 unrelated, noninva-
sive methods to assess liver dis-
ease. This algorithm combines
data from measurements of liver
stiffness (transient elastography)
with data from serum biomarker
analysis as a first-line assess-
ment of hepatic fibrosis in pa-
tients with chronic hepatitis C.
The algorithm applies both to
significant fibrosis and cirrhosis.
F, Metavir fibrosis stage; I, Ishak
fibrosis stage.
decrease significantly after the end of treatment only in i
patients with sustained viral eradication. Studies with
paired liver biopsies are needed to determine whether TE
and serum biomarker assays can be used to follow treat-
ment response but are unlikely to be conducted for ethical
reasons. Assessments of liver stiffness within 6 months
after the end of therapy in patients with HCV infection
are probably not clinically meaningful. For patients with
HBV infection, serial measurements of liver stiffness
should be performed after ALT levels have normalized,
over the long-term course of treatment. In patients with
cirrhosis, post-treatment assessments of liver stiffness
should not substitute for the recommended, periodic sur-
veillance for HCC, using ultrasound examination and
measurement of �-fetoprotein levels.122

Monitoring Disease Progression
Noninvasive methods can be used to identify pa-

tients with cirrhosis who are at risk of disease progression.
Compensated cirrhosis is classified as that without varices
(stage 1) or with varices (stage 2). Compensated cirrhosis
could be further subdivided, as that with no portal hyper-
tension, portal hypertension that is not clinically signifi-
cant (hepatic venous pressure gradient [HVPG], 
10 mm
Hg), or clinically significant portal hypertension (HVPG,
�10 mm Hg).123

Measurements of liver stiffness might be used to assess
clinical outcomes because they correlate with the severity
of liver disease,124 according to a retrospective study con-
ducted in a single center. This study provided the first “proof
of concept” that liver stiffness is a prognostic factor for
patients with cirrhosis. Furthermore, liver stiffness corre-
lates with portal pressure (based on the HVPG),125–128 which
accurately predicts clinical events.129 Interestingly, there

as a high degree of correlation between liver stiffness
nd only HVPG values below 10 –12 mm Hg.126 This

ndicates that, beyond a certain degree of portal pressure
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(above 10 –12 mm Hg), development of portal hyperten-
sion is at least partially independent from the simple
accumulation of fibrillar extracellular matrix, which is
responsible for the increase in liver stiffness. Conversely,
repeated measurements of liver stiffness, over time, might
be made during the first year after liver transplantation to
identify patients with early-stage recurrence of severe hep-
atitis C recurrence and reduce the need for follow-up liver
biopsies.125,130,131

Liver stiffness values have also been correlated with the
presence of esophageal varices. However, the diagnostic
accuracy of TE (specificity below 60%) is too low for
identification of patients with esophageal varices in clin-
ical practice.132 When biomarkers were compared, in a
arge-scale multicenter study of factors to predict which
atients would develop high-risk esophageal varices (large
sophageal varices, those with red signs, or decompen-
ated cirrhosis), the combination of Lok index and Forns
ndex had the best diagnostic performance, avoiding en-
oscopy in around one-third of patients.133 There might
e also a role for other noninvasive models combining
imple biomarkers such as AST/ALT ratio or platelet
ount.134 When compared with serum biomarkers, TE did

not perform better for the detection of esophageal varices
and large esophageal varices.88 However, a strategy com-
bining TE with spleen diameter and platelet count (re-
ferred as LSPS for LSM-Spleen diameter to platelet ratio
score) has been shown to increase diagnostic accuracy for
detecting high-risk esophageal varices in patients with
HBV-related cirrhosis.135 Interestingly, Liver Stiffness
Measurement-Spleen Diameter and Platelet Count Score
(LSPS) appeared as a reliable predictor of esophageal
varices bleeding risk in these patients.136 These findings
are consistent with those of a study that reported that
liver stiffness values can be as effective as HVPG measure-
ments in predicting which patients will develop clinical
decompensation and portal hypertension-related compli-
cations.137 For instance, at a cut-off of 21.1 kPa, TE had a
100% negative predictive value for the occurrence of portal
hypertension-related complications; if these results are
confirmed, TE could be used as a prognostic tool.138

In summary, TE results can identify patients most likely
to develop clinically significant portal hypertension but
are not sufficient to identify patients with esophageal
varices, in clinical practice, or replace endoscopy analysis
of cirrhotic patients.132 Given its likely prognostic value
for patients with cirrhosis, TE could be used to rapidly
discriminate among patients at different stages of pro-
gression of compensated cirrhosis and place them in dif-
ferent risk categories.139

Determining Prognosis
Noninvasive methods can also be used in deter-

mining prognosis. Large, prospective cohort studies in
Asia of patients with hepatitis B or C correlated liver
stiffness values with HCC occurrence.140 –142 Among 866
apanese patients with HCV infection, the cumulative

ncidence of HCC within 3 years was as high as 38.5%,
mong subjects with baseline liver stiffness values �25
Pa, compared with 0.4% among subjects with values
10 kPa.140 Although measurements of liver stiffness

ould be used to identify patients at risk of developing
CC, more data are needed before they could be inte-

rated into an HCC surveillance program.
Prognosis of patients with chronic liver disease related

o viral hepatitis or other causes can be determined using
E137,143 and assays for serum biomarkers such as Fi-
roTest,94,144,145 ELF (iQur Ltd, Southsampton, United

Kingdom),146,147 APRI, and FIB-4,148 as well as for models
based on standard laboratory tests.149,150 A recent French
tudy143 compared the ability of different noninvasive

methods (TE, FibroTest, APRI, and FIB-4) to predict sur-
vival and liver-related death of 1457 patients with HCV
infection; liver stiffness values and results from the Fi-
broTest had the highest 5-year predictive values, which
did not change after adjustment for treatment response,
patient age, or estimates of necroinflammatory grade. The
potential of noninvasive methods for predicting clinical
outcomes seems to be greater than that of liver biopsy;
probably the noninvasive tests measure ongoing patho-
physiologic processes and functions that a biopsy cannot.
Additional advantages of assays for serum biomarkers and
TE over histologic scoring systems are that they provide a
range of continuous values, instead of a limited number
of categories.151

Future Directions
Significant progress has been made over the past

decade in noninvasive assessment of liver disease in pa-
tients with hepatitis B or C, but there is no perfect
method. On the one hand, there is increasing awareness
that liver biopsy is an imperfect standard. On the other
hand, an increasing number of noninvasive methods are
available: TE, FibroTest, and APRI are the most widely
used and validated worldwide. The introduction of these
methods several years ago in France for the management
of patients with hepatitis C in routine practice signifi-
cantly reduced the need for liver biopsy,152 and this trend

as since been observed in most countries where these
ethods have been implemented. However, noninvasive
ethods will reduce, but not completely end, the need for

iver biopsy.153 Liver biopsies and noninvasive methods
hould be used as an integrated system to allow more
fficient evaluation of patients with hepatitis B or C.52

It is important to investigate the prognostic value of
noninvasive methods of fibrosis detection, particularly
TE, for patients with cirrhosis; these tests could be used to
better classify patients with cirrhosis and assign them to
different categories of risk for clinical outcomes. TE has
limitations and is challenged by other technologies to
measure liver stiffness, such as ARFI and MR elastogra-
phy, whose place in clinical practice remains to be defined.
Other promising techniques, such as supersonic shear
imaging154,155 or measurements of spleen stiffness,156
could also become available and deserve further evalua-
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tion. It has been proposed that noninvasive methods be
used to screen the general population for cirrhosis.157–159

However, this approach is not likely to be cost-effective,
given the low prevalence of cirrhosis in the general pop-
ulation.

Supplementary Material

Note: The first 50 references associated with this
article are available below in print. The remaining references
accompanying this article are avialable online only with the
electronic version of the article. To access the supplementary
material accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
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Supplementary Figure 1. ROC curves for FibroScan (FS), FibroTest
(FT), and APRI and the combination of FibroScan and FibroTest for

significant fibrosis (F0–F2 vs F3-F4). Adapted from Castera et al.66
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