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Fig. 5 Cumulative rate of ALT rebound after discontinuation of NA
treatment in HBeAg-positive chronic hepatitis B patients. Six patients
whose HBV DNA -+ RNA titers reached <5.0 log copies/mL after
3 months of treatment were assigned to group A; the other ten
patients, whose HBV DNA + RNA titers were >5.0 log copies/mL
after 3 months of treatment, were assigned to group B. The
cumulative ALT rebound rate in HBeAg-positive chronic hepatitis
B patients was analyzed using the Kaplan-Meier method

DNA -+ RNA titer after 3 months of treatment was found
to be significantly associated with HBV DNA rebound
(P = 0.043, OR = 9.474; Table 2). Two other factors,
HBV DNA titer after 3 months of treatment and HBsAg
titer at the end of treatment, were marginally associated
with HBV DNA rebound (P = 0.074, P = 0.070, respec-
tively). After 3 months of NA treatment, HBV DNA titers
decreased in both the HBV DNA relapse and non-relapse
groups, but HBV DNA + RNA levels in the relapse group
remained high. NA therapy suppressed the production of
mature HBV particles in both groups, but in the HBV DNA
relapse group, high HBV replication activity was likely
maintained during the treatment, and immature HBV par-
ticles associated with HBV RNA genomes were continu-
ously produced and accumulated in hepatocytes. After
discontinuation of the treatment, these accumulated
immature HBV particles may have been maturated and
been released from the hepatocytes. Thus, rebound of HBV
DNA titers occurred rapidly after the discontinuation of
NA therapy.

Although the presence of HBeAg before treatment,
HBV DNA and DNA + RNA titers after 3 months of
treatment, and the presence of HBeAg, HBsAg titer, and
HBV DNA -+ RNA titer at the end of treatment were all
significantly associated with ALT rebound in the univariate
analysis, only the presence of HBeAg at the end of
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Group B: HBV DNA+RNA 2 5.0 Log copies/ml after 3 ths of treatment or
positive to HBeAg at the end of treatment {N=22)

Fig. 6 Cumulative rate of ALT rebound after discontinuation of NA
treatment by using combined criteria. The subjects were divided using
combined criteria. Fourteen patients whose HBV DNA + RNA titers
reached <5.0 log copies/mL after 3 months of treatment and who
were HBeAg negative at the end of NA treatment were assigned to
group A; the other 22 patients were assigned to group B. The
cumulative ALT rebound rate in HBeAg-positive chronic hepatitis B
patients was analyzed using the Kaplan-Meier method

treatment was identified as an independent predictive factor
for ALT rebound following multivariate analysis (Table 4).
HBeAg is commonly strongly associated with the activity
of HBV replication, and HBV DNA levels are high in
HBeAg-positive HBV carriers. Thus, HBe seroconversion
usually indicates suppression of HBV activity, and the
absence of HBeAg is thought to indicate the inactivation of
HBYV replication.

ALT rebound following the discontinuation of NA
therapy was not observed in six of the 16 patients (37.5 %)
who were HBeAg-positive at the end of treatment. After
examining predictive factors for ALT rebound in these
HBeAg-positive patients, only the HBV DNA -+ RNA titer
after 3 months of treatment was identified as an indepen-
dent predictive factor for ALT rebound in HBeAg-positive
patients (Table 6). Although the presence of HBeAg indi-
cates high activities of HBV replication and hepatitis, it is
expected to be difficult to discontinue NA therapy without
ALT rebound in these patients. However, these results
indicate that HBV replication activities vary greatly among
individuals and suggest that it might be possible to predict
future replication activity based on HBV DNA + RNA
titers after 3 months of treatment.

A limitation of this study is the small sample size; as
such, selection bias might have affected the internal
validity of the study. As it is not common to discontinue
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NA therapy in Japan, we were only able to examine 36
subjects in our study. Because HBV-related markers such
as HBsAg, HBcrAg, and HBV DNA + RNA titers varied
widely among individuals, HBeAg an HBV DNA + RNA
titers were only marginally associated with HBV DNA or
ALT rebound after the discontinuation of NA therapy. In a
previous study, Matsumoto et al. [34] -analyzed predictive
factors for the safe discontinuation of NA therapy in 126
clinical HBeAg-negative subjects from 12 clinical centers.
These authors reported that HBsAg and HBcrAg titers at
the end of treatment were predictive factors for the safe
discontinuation of therapy. In our study, we also found that
the absence of HBeAg at the end of treatment was
important for the safe discontinuation of NA therapy, but
we found no association between safety and HBsAg or
HBcrAg titers. However, while HBsAg and HBcrAg are
known to be associated with HBV replication activity, our
results involving HBeAg and HBV DNA -+ RNA titers as
important factors for safe discontinuation appear to be
consistent.

In our study, the duration of NA therapy was quite short
(mean duration was 36 weeks). Similar results might be
observed if the NA therapy was extended, but it might be
difficult to depress the potential of infected HBV replica-
tion with long-term NA therapy. HBsAg titers represent
HBYV replication in human hepatocytes, and it is difficult to
decrease HBsAg levels by NA therapy. Thus, HBV
DNA + RNA levels might be an important factor for
predicting the HBV DNA or ALT rebounds.

As it may be difficult to discontinue therapy in patients
with advanced liver fibrosis, our study subjects were
selected based on liver spare capacities. As shown in
Fig. 1, ALT rebound is likely to occur in most patients
following the discontinuation of NA therapy, and severe
hepatitis could occur in some patients. Thus, if the liver
spare capacity were low, NA therapy would not be dis-
continued; the patients in this study were selected solely
based on clinical aspects, which may have influenced our
interpretation of the results.

In conclusion, HBV replication activity was found to be
an important predictor of safe discontinuation of NA
therapy. These findings suggest that monitoring of serum
HBV DNA + RNA levels would be a useful method for
predicting the re-activation of chronic hepatitis B following
discontinuation of NA therapy.
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What is the benefit of computer-assisted image analysis

of liver fibrosis area?
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Liver fibrosis is usually semiquantitatively assessed in liver
biopsy specimens by the numerical system of Scheuer [1],
the Metavir group [2], or Ishak [3]. Fibrosis is staged as FO,
no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis and few septa; F3, numerous septa without
cirrhosis; and F4, cirrhosis. Staging mainly depends on the
degree of the architectural changes of liver structure.

Computer-assisted image analysis of the stained fibrosis
area in liver biopsy specimens is a method for quantita-
tively measuring the amount of liver fibrosis [4]. It is not
used for the clinical assessment of liver fibrosis in general,
but is often used in the assessment of fibrosis in animal
models. Its low popularity in clinical practice may be
attributed to the complexity of the method.

The fibrosis stage as determined by the numerical sys-
tems and the relative area of fibrosis measured by com-
puter-assisted image analysis usually correlate well to each
other. However, discrepancy between the two sometimes
occurs. Which of the two is more useful in clinical practice
may depend on the objectives of assessing liver fibrosis.

The current study by Isgro et al. showed that collagen
proportionate area (CPA) has a better relationship with
liver stiffness measurement (LSM) and with hepatic venous
pressure gradient (HVPG) compared with the Ishak stage.
They also reported that CPA at 1-year post-transplantation
in hepatitis C virus-infected patients predicts subsequent
clinical decompensation more accurately than Ishak stage

This comment refers to the article available at
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or HVPG [5]. They conclude that CPA should be the his-
tological parameter with which to compare LSM and other
non-invasive fibrosis markers and also be used to sub-
classify cirrhosis.

Nitta et al. [6] also reported the good correlation
between LSM and fibrosis area measured by image analysis
in the patients with chronic hepatitis C, while LSM and
Metavir score yielded better correlation. Xie et al. [7]
reported that fibrosis area measured by image analysis
significantly correlated with model for end-stage liver
disease score, serum bilirubin levels and prothrombin time
in the patients with hepatitis B virus-related decompen-
sated cirrhosis.

Arima et al. [8] reported that 42 % of chronic hepatitis C
patients with pretreatment F3-4 who obtained sustained
virological response by interferon (IFN) therapy had
decreased fibrosis assessed by the numerical staging sys-
tem, while the fibrosis area measured by image analysis
decreased in 92 %. Thus the computer-assisted image
analysis of liver fibrosis is more sensitive to measure the
reduction of liver fibrosis after IFN treatment than the
numerical system.

In conclusion, the relative fibrosis area measured by
computer-assisted image analysis is suitable for the
comparison with newly developing non-invasive methods
for fibrosis assessment, such as LSM. It is also useful to
assess the degree of severe fibrosis in cirrhosis for pre-
dicting prognosis and to assess the change of fibrosis after
antiviral treatment or in natural courses. It is better to add
computer-assisted image analysis to the interpretation of
liver biopsy in order to obtain valuable quantitative
information in the specimens. The standardization and
simplification of the method is needed in order that
computer-assisted image analysis of fibrosis area will be
widely used.
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Can non-invasive assessment of liver fibrosis replace

liver biopsy?

Kentaro Yoshioka and Senju Hashimoto

Department of Liver, Biliary Tract and Pancreas Diseases, Fujita Health University, Aichi, Japan

Transient elastgraphy, acoustic radiation force impulse and
real-time elastography are the methods with very good or
excellent diagnostic accuracy for the assessment of liver
fibrosis stage. They do not provide the information on
inflammatory activity, steatosis, iron deposition or other
findings derived from liver biopsy. Even on account of fibro-
sis stage, these non-invasive methods do not give us the
estimation completely corresponding to that of liver biopsy.
However they provide us useful clinical information that liver
biopsy has been providing us, such as appropriate time to
start antiviral therapy, prediction of response to antiviral

therapy, evaluation of effects of antiviral therapy, assess-
ment of natural course of hepatitis and estimation of
prognosis of hepatitis. Recently non-invasive methods for
assessment of inflammatory activity, steatosis and iron
deposition in the liver have been developed. Thus in
the near future, non-invasive methods will replace liver
biopsy.

Key words: acoustic radiation force impulse, fibrosis stage,
inflammatory activity, liver stiffness, real-time elastography,
transient elastography

INTRODUCTION

ON-INVASIVE ASSESSMENT OF liver fibrosis has

been one of major objectives in the society of
hepatologists for a long time. Routine laboratory tests,
serum markers of fibrosis'~” and apparatuses for measur-
ing liver stiffness (LS) have been tested. The apparatuses
include transient elastography (TE),*’ acoustic radiation
force impulse (ARFI),® real-time elastography,’’ and
magnetic resonance imaging (MRI).*?

Liver biopsy is the gold standard for the assessment of
fibrosis stage in chronic viral hepatitis. However, liver
biopsy is an invasive and expensive procedure, and its
accuracy is sometimes questionable because of sam-
pling errors, inadequate specimens and the subjectivity
of diagnosis.'>*

Infections of hepatitis B virus (HBV) and hepatitis C
virus (HCV) are world-wide problems and cause the
need of a great number of liver biopsies mainly for
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assessment of fibrosis stage and inflammatory activity,
which sometimes cause serious complications. Thus
the replacement of liver biopsies with non-invasive
methods is an important subject to be deal with as soon
as possible.

In this article, we review the manuscripts that applied
non-invasive methods to estimate fibrosis stages for the
five different clinical aims in the replacement of liver
biopsies. These aims include the determination of
appropriate time to start antiviral therapy, prediction
of response to antiviral therapy, evaluation of effects of
antiviral therapy, assessment of natural course of hepa-
titis and estimation of prognosis of hepatitis. We will
discuss whether non-invasive methods can replace liver
biopsies for these aims.

We discuss the three methods that have been often
reported; TE, ARFI imaging, and real-time elastography.
Algorithm of serum fibrosis markers such as FibroTest?
will be also described. There have been published a
lot of manuscripts on non-invasive methods, and we
selected the manuscripts that seem to us to be important
in discussing whether non-invasive methods can replace
liver biopsies.

Transient elastography measures LS with the use
of an apparatus, FibroScan (EchoSens, Paris, France).®
FibroScan is equipped with a probe including an
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ultrasonic transducer and a vibrator. A vibration of mild
amplitude and low frequency is transmitted from the
vibrator placed on the body surface toward the liver
through the intercostal space. The vibration induces an
elastic shear wave that propagates through the liver
tissue. The pulse-echo ultrasound acquisitions follow
the propagation of the shear wave and determine its
velocity. The velocity is directly related to tissue stiffness;
the harder the tissue, the faster the shear wave propa-
gates. LS is calculated from velocity and expressed in
kilopascal (kPa).

Acoustic radiation force impulse imaging is a radiation
force-based imaging method that is provided with con-
ventional B-mode ultrasonography (Siemens Acuson
$2000, Siemens AG, Germany)." In ARFI imaging, an
initial ultrasonic pulse is transmitted at diagnostic inten-
sity levels to obtain a baseline signal for later compari-
son. A short-duration, high-intensity acoustic pushing
pulse is transmitted from the probe, and cause shear
wave in the liver. A series of diagnostic intensity pulses
are used to quantitate shear wave velocity (Vs; m/s). The
velocity of the shear wave depends on LS.

Real-time elastography is an imaging technique that
can reveal the physical property of tissue using conven-
tional ultrasound probes; the Hitachi EUB-8500 and
EUB-900 machines (Hitachi Medical Systems, Tokyo,
Japan)." The region of interest is divided up in to 30 000
finite elements before compression. During the compres-
sion by the probe or heart beats, the displacement of each
element is measured. In hard tissue, the amount of dis-
placement is low, whereas in soft tissue, the amount of
displacement is high. The calculation of tissue elasticity
distribution is performed in real time, and the results are
displayed as color-coded images with the conventional
B-mode image in the background. In this way, a large
number of summarizing variables were obtained to char-
acterize elastography. The final score was based on 10
summarizing variables selected from them to obtain high
reproducibility. The variables selected for the final score
differ among the investigators.

APPROPRIATE TIME TO START ANTIVIRAL
THERAPY: DIAGNOSIS OF SIGNIFICANT
FIBROSIS (F> OR =2)

N CHRONIC VIRAL hepatitis, the presence of signifi-

cant fibrosis (F> or =2) indicates the need of antiviral
therapies both in chronic hepatitis B and in chronic
hepatitis C.">'

A meta-analysis of the performance of TE for staging
of liver fibrosis demonstrated that the area under the

© 2011 The Japan Society of Hepatology
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receiver operating characteristic curve (AUROC) for
significant fibrosis ranged 0.68-1.0 among different
studies with a mean of 0.84 (95% confidence intervals
[CI], 0.82-0.86) and an adjusted AUROC of 0.91 and
that the optimal cut-off value for the significant fibrosis
suggested from the summary ROC techniques was 7.65
kilopascals (kPa)."”

We published a review article on the investigations of
TE for assessment of fibrosis stages and presented the
summary table.'® Thus we do not show the table in the
present article.

Friedrich-Rust et al. studied 134 patients with chronic
liver diseases and reported that the AUROC for the diag-
nosis of significant fibrosis of real-time elastography, TE
and FibroTest was 0.69, 0.84 and 0.85, respectively.'®

Koizumi measured LS with real-time tissue elastogra-
phy in 70 patients with chronic hepatitis C*°. The elastic
ratio (ratio of the value in the intrahepatic venous small
vessels divided by the value in the hepatic parenchyma)
was calculated. The cut-off value and AUROC for signifi-
cant fibrosis were 2.73 and 0.89, respectively.

Although real-time elastography is a hopeful non-
invasive method, the calculations of elastic value differ
among the investigators. Thus we think it is inappropri-
ate to present the summary table.

Friedrich-Rust et al. studied 86 patients with chronic
viral hepatitis and reported that the AUROC for the
diagnosis of significant fibrosis of ARFI, TE, and FibroTest
was 0.82, 0.84, and 0.82, respectively.'° The cut-off values
for significant fibrosis of ARFI and TE were 1.37 m/s
(sensitivity 68.5%, specificity 92.6%) and 6.3 kPa (sen-
sitivity 83.3%, specificity 74.1%), respectively.

Takahashi et al*! studied 55 patients mainly consisting
of people with HCV by ARFI. The AUROC and cut-off
value of the Vs for significant fibrosis were 0.94 (95%
CI, 0.87-0.99) and 1.34 m/s (sensitivity 91.4%, speci-
ficity 80%).

Fierbinteanu-Braticevici®? studied 74 patients with
HCV by ARFI. The AUROC and cut-off value of Vs for
significant fibrosis were 0.902 (95% CI, 0.831-0.972,
P <0.001) and 1.215 m/s (sensitivity 100%, specificity
71%).

The summary of investigations of ARFI for assessment
of significant fibrosis is shown in Table 1.1%2-%°

Generally the diagnostic accuracy of test with AUROC
of 0.7-0.8 was considered as good, that of 0.8-0.9 as very
good, and that of 0.9-1.0 as excellent. The diagnostic
accuracy of TE, ARFI and real-time elastography for sig-
nificant fibrosis is very good or excellent. They do not give
us the estimation completely corresponding to that of
liver biopsy; in our study (AUROC 0.88; sensitivity 81%;
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2 Sy - 2 . UV and MV analyses (odds ratio: UV/MV): fibrosis stage
5 378 -z 3 X E estimated using FibroTest (4.5/5.9) or biopsy (1.5/1.6),
& £ 8
8l 0 genotype 2/3 (4.5/5.1), viral load (1.5/1.3), prior
2l a2 w EkmamE &2 =25 &= relapse (1.6/1.6), previous treatment with non-PEG-IFN
el53¢ 5E5% Fxsz &|% :
=g _% & SEE5E §95% ,S“ 5| o (2.6/2.0). Poynard et al. concluded that FibroTest at
g PE B 23233 Z2za 2= baseline is a possible non-invasive alternative to biopsy
s 2 é for the prediction of SVR, in patients with previous fail-
2|23 g ures and advanced fibrosis, retreated with PEG-IFN
:‘.ﬁ § @- B8R T g2 ogQ g alfa-2b and ribavirin.*®
= Z We have studied the predictive factors for SVR in 88
g ;é y y 9 ;é gy ;é g patients with chronic hepatitis C genotype 1 treated
g g 3 SSESS R E with combination of IFN and ribavirin and found that
o < ‘g ?‘ i N gender (B=1.6, P=0.0012) and LS by TE (B=-0.1,
@ £ B greEyYyeE| g P=0.0214) are independent predictive factors by mul-
g 5 = HEFTESRT | E i p . . Y
=l - gg2ggy|d tivariate analysis (manuscript in preparation).
= § _EQ s _g 5 E _‘2 E E g8 g Thus FibroTest and LS by TE can substitute liver
‘é’ A ORUIL VLULOUOLOO § biopsy for the purpose of predicting response to antivi-
Sy 2 g & ral therapy in chronic hepatitis C.
5 2 £ =
B8 g &g 2. g o8 |8
E|® 8¢ 8F 5=z on=|E
Elg 2287 ZRS855%| s EVALUATION OF EFFECTS OF
RS f8z 5828755 F ANTIVIRAL THERAPY
— = 2oy & E g 8 8« £ = E 8}
Bk T2 E8ERsE égzg’ g HE OUTCOME OF antiviral therapy should be
12 EIEE SC&REA =2 assessed not only by ALT levels or viral loads but
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also by the alleviation of fibrosis stage both in chronic
hepatitis B and in chronic hepatitis C.

Ogawa etal studied 145 HCV infected patients
treated with PEG-IEN plus ribavirin by TE**. LS were
significantly decreased in SVR patients (the mean rate of
change; —16.2%, ~32.2% and —43.5%) in comparison
with non-SVR patients (-7.2%, —2.1% and +17.3%) at
the end of treatment (EOT) (P =0.0127), and 48 weeks
(P<0.0001) and 96 weeks (P<0.0001) after EOT.
Among non-SVR patients, LS were significantly
decreased in patients with biochemical response
(BR) (-17.9%, -30.0% and —-27.1%) in comparison
with non-BR (—4.1%, +6.4% and +30.6%) at EOT
(P =0.0270), and 48 weeks (P < 0.0001) and 96 weeks
(P < 0.0001) after EOT.

Arima et al. measured LS by TE before treatment, at
EOT, one year and 2 years after EOT in 145 patients with
chronic hepatitis C treated by IFNs with or without
ribavirin.?® In 93 patients with SVR and 28 relapsers, LS
significantly decreased at EOT (median, 5.4 [interquar-
tile range, 4.0-8.6] kPa, P<0.0001 and 6.8 [4.5-8.9]
kPa, P=0.0023) and one year after EOT (5.3 [4.2-7.0]
kPa, P < 0.0001 and 6.8 [4.5-9.3] kPa, P = 0.0204) com-
pared with baseline (8.0 [5.0-11.9] kPa and 10.6 [7.0-
16.6] kPa). In SVR patients, LS significantly decreased
2 years after EOT (5.3 [4.1-6.3] kPa) compared with
baseline (P < 0.0001) and LS at EOT (P = 0.0034). In 24
patients with non virological response (NVR), LS at
EOT, one year after EOT, and 2 years after EOT did not
significantly differ from pretreatment values.

Arima et al. proposed the use of deduced fibrosis stage
from LS based on cut-off values for fibrosis stage. The
use of deduced fibrosis stage enables evaluation of the
degrees of changes of LS. 2-point or greater reduction of
deduced stage was observed in 78% (29/37) of SVR
patients, 59% (10/17) of relapsers and 15% (2/13) of
NVR patients. A 2-point or greater decrease of deduced
fibrosis stage were associated with milder baseline fibro-
sis stage, lower hyaluronic acid levels, longer IFN treat-
ment, virological response of SVR or relapse and higher
ALT levels.

Thus, we can assess not only the alleviation of fibrosis
but also the factors that affect the alleviation of fibrosis
by measuring LS in chronic hepatitis C.

Wang et al. studied LS by TE in 144 patients receiving
IFN-based therapy, including 95 SVR patients and 49
non-SVR patients.* There was a significant decrease of
LS among SVR patients (median, 0.6; P < 0.001). non-
SVR patients showed an increase of LS (median, 0.8;
P =0.557). For SVR patients, a high initial LS was the
predictive factor of a rapid reduction of LS values.
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However, advanced fibrosis stage before therapy, higher
body mass index (BMI) and longer time remission were
predictive factors for slow reduction of LS values.

Osakabe et al. measured LS by TE in 29 HBV-infected
patients treated with nucleotide or nucleoside analogs
and assessed the changes of LS.*” By antiviral therapy, LS
significantly reduced from 12.9 (6.2-17.9) kPa to 6.6
(4.4-10.3) kPa in the interval of 512 (366-728) days
(P <0.0001). Eleven of 19 (58%) patients with baseline
fibrosis stages of F3-4 deduced from LS had 2-point or
greater reduction of deduced stage at last LS measure-
ment. The change ratio of hyaluronic acid (P= 0.0390)
was associated with a 2-point or greater reduction.

Enomoto et al. studied LS by TE in 50 patients with
chronic hepatitis B virus infection.®® LS of the patients
with entecavir significantly decreased from 11.2 kPa
(7.0-15.2) to 7.8kPa (5.1-11.9; P=0.0090) during
12 months of treatment.

It is difficult to repeat liver biopsies after or during
antiviral therapy to assess its effect. Since there is the
heterogeneity of the effect of treatment, it is important
to know who is a good responder or not and investigate
the factors affecting the effect of therapy. Non-invasive
measurement of LS can be done repeatedly and provide
the information of effect of antiviral therapy.

The results of TE were not confirmed by the results of
liver biopsies in the articles reviewed. The absence of
comparison with biopsies is the limitations of these
studies.

ASSESSMENT OF NATURAL COURSE OF
VIRAL HEPATITIS

RIMA ET AL. STUDIED 35 patients with chronic
HCV infection without IFN treatment and reported
that LS at 2™ measurement (12.2 [6.3-16.8] kPa) did
not differ significantly from LS at 1 measurement (10.5
[5.8-15.3] kPa) in the interval of 656 (360-922) days.*
Osakabe et al. reported that, in 52 HBV-infected
patients without antiviral therapy, LS tended to increase
from 6.1 (3.9-8.5) kPa to 6.3 (4.4-9.7) kPa in the inter-
val of 422 (358-709) days (P = 0.0682).*” Without anti-
viral therapy, 11 of 50 (22%) patients with deduced
fibrosis stages of FO-3 at 1st measurement had an
increase of deduced stage, while 8 of 20 (40%) patients
with deduced fibrosis stages of F2-4 at 1st measurement
had a reduction of deduced stage. The factor associated
with an increase of deduced fibrosis stage was lower
baseline albumin levels (P = 0.0092).
The reason why the significant increase of LS was
not detected in the natural course in these reports is
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probably attributed to the fact that the subjects of the
studies are the patients who had mild disease and
needed no antiviral therapy. TE would be a useful tool
to detect the patients with progressive fibrosis for the
physicians in the follow-up of the patients with chronic
viral hepatitis.

The results of TE were not confirmed by the results of
liver biopsies in the articles reviewed. The absence of
comparison with biopsies is the limitations of these
studies.

ESTIMATION OF PROGNOSIS OF HEPATITIS

HE RISK OF hepatocellular carcinoma (HCC) or

bleeding from esophageal varices is high in patients
with advanced fibrosis.***° Thus it is important to detect
advanced fibrosis early and start the search for HCC and
varices in order to treat them in early stage or before
bleeding.

A meta-analysis of performance of TE for fibrosis
staging demonstrated that the mean AUROC for cirtho-
sis was 0.94 (95% CI, 0.93-0.95) and an adjusted
AUROC of 0.99 and that the optimal cut-off value for
cirrhosis suggested from the summary ROC techniques
was 13.01 kPa."”

Piscaglia et al. studied 90 patients with chronic liver
disease with ARF1.? The AUROC for the diagnosis of
cirthosis was 0.941 with 1.75 m/s as the optimal cut-off
(sensitivity 93.0%; specificity 85.1%).

Lupsor et al. studied 112 patients with chronic hepa-
titis C with ARFL.»® The AUROC for the diagnosis of
cirrthosis was 0.936 with 2 m/s as the optimal cut-off
(sensitivity 80.0%; specificity 95.45%).

Sporea et al. studied 71 patients with chronic liver
diseases with ARFL** The AUROC for the diagnosis of
cirthosis was 0.868 with 1.8 m/s as the optimal cut-off
(sensitivity 100%; specificity 77%).

Toshima et al. studied 79 patients with chronic liver
diseases with ARFL.” The AUROC for the diagnosis of
cirthosis was 0.87 with 1.79 m/s as the optimal cut-off
(sensitivity 86%; specificity 79%).

Ebinuma et al. studied 59 patients with chronic viral
hepatitis with ARFL?* The AUROC for the diagnosis of
cirrhosis was 0.854 with 1.88 m/s as the optimal cut-off
(likelihood ratio 4.55).

The summary of investigations of ARFI for assessment
of cirrhosis is shown in Table 1.1%%1-2

Friedrich-Rust et al. studied 79 patients with chronic
viral hepatitis with real-time elastography.'* The cut-off
value of elastic ratio and AUROC for cirrhosis was
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111.75 and 0.69, respectively (sensitivity 29.2%; speci-
ficity 90.7%).

Koizumi measured LS with real-time tissue elastogra-
phy in 70 patients with chronic hepatitis C*. The cut-off
value of elastic ratio and AUROC for cirrhosis were
3.93 and 0.95, respectively (sensitivity 90.9%; specificity
91.5%).

Stefanescu etal. compared the performance of
common serum fibrosis scores and TE in diagnosing
esophageal varices in 231 cirrhosis patients.”” The Lok
Score*? was the best among all the serum scores for
diagnosing the varices; cut-off value for large varices is
0.8 (positive predictive value 45.5%, negative predictive
value 86.4% and diagnostic accuracy 67.72%). The cut-
off value of LS for large varices is 30.8 kPa (positive
predictive value 47.3%, negative predictive value 81%
and diagnostic accuracy 68.32%). Using both tests
simultaneously, the presence of large varices was pre-
dicted with a diagnostic accuracy of 78.12%, obtain-
ing an increment in negative predictive value and
negative likelihood ratio up to 93.67% and 0.21,
respectively.

Jung et al. investigated the usefulness of LS by TE as a
predictor of HCC development in 1130 patients with
chronic HBV infection.”® During the follow-up period
(median, 30.7 months; range, 24.0-50.9 months), HCC
developed in 57 patients (2.0% per 1 person-year). The
1-, 2-, and 3-year cumulative incidence rates of HCC
were 0.80%, 3.26%, and 5.98%, respectively. On mul-
tivariate analysis, together with old age, male sex, heavy
alcohol consumption (>80 g/day), serum albumin, and
hepatitis B e antigen positivity, patients with a higher LS
(>8 kPa) were at a significantly greater risk of HCC
development, with the following hazard ratios: 3.07
(95% confidence interval [CI], 1.01-9.31; P= 0.047) for
LS 8.1-13 kPa; 4.68 (95% CI, 1.40-15.64; P=0.012)
for LS 13.1-18 kPa; 5.55 (95% CI, 1.53-20.04;
P =0.009) for LS 18.1-23 kPa; and 6.60 (95% CI, 1.83~
23.84; P=0.004) for LS > 23 kPa.

Masuzaki et al. investigated the relationship between
LS and HCC presence in the cross-sectional study.** LS
was measured in chronic hepatitis C patients (85 with
HCC and 180 without) by TE. Multivariate analysis
showed that HCC presence was significantly associated
with LS (P<0.0001) along with age, male, and
o-fetoprotein concentration. AUROC was 0.805, 0.741,
0.714, 0.673, 0.670, and 0.654 for LS, a-fetoprotein,
albumin, prothrombin activity, aspartate aminotrans-
ferase (AST)-platelet ratio index, and platelet count,
respectively. Stratum-specific likelihood ratio for HCC
presence by LS was 0.22 (95% CI: 0.11-0.42) in
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<10 kPa, 0.73 (0.39 to 1.39) in 10.1 to 15 kPa, 1.30
(0.80 to 2.12) in 15.1 to 25 kPa, and 5.0 (2.96 to 8.47)
in >25 kPa.

Masuzaki et al. investigated the relationship between
baseline LS and HCC development prospectively among
866 patients with chronic hepatitis C.** During the
follow-up period (mean, 3.0 years), HCC developed in
77 patients (2.9% per 1 person-year). The cumulative
incidence rates of HCC at 1, 2, and 3 years were 2.4%,
6.0%, and 8.9%, respectively. Adjusting for other signifi-
cant factors for HCC development, patients with higher
LS were revealed to be at a significantly higher risk, with
a hazard ratio, as compared to LS< or =10 kPa, of 16.7
(95% CI, 3.71-75.2; P<0.001) when LS 10.1-15 kPa,
20.9 (95% CI, 4.43-98.8; P<0.001) when LS 15.1-
20 kPa, 25.6 (95% CI, 5.21-126.1; P < 0.001) when LS
20.1-25 kPa, and 45.5 {95% CI, 9.75-212.3; P < 0.001)
when LS > 25 kPa.

Thus TE, real-time elastography and ARFI are useful
for diagnosis of cirrhosis and prediction of development
of varices or HCC.

CAN LIVER STIFFNESS REPLACE
LIVER BIOPSY?

RANSIENT ELASTOGRAPHY, ARFI and real-time

elastography are the methods with very good or
excellent diagnostic accuracy for the assessment of liver
fibrosis stage. They do not provide information on
inflammatory activity, steatosis, iron deposition or other
findings in liver biopsy. Even on account of fibrosis
stage, these non-invasive methods do not give us the
estimation completely corresponding to that of liver
biopsy. In addition, the values of LS might be affected
by factors other than fibrosis stage, for example, inflam-
matory activity®'® and intrahepatic pressure.** However
they provide us useful clinical information, which liver
biopsy has been providing us as described in the present
article, such as appropriate time to start antiviral
therapy, prediction of response to antiviral therapy,
evaluation of effects of antiviral therapy, assessment of
natural course of hepatitis and estimation of prognosis
of hepatitis. Recently non-invasive methods for assess-
ment of inflammatory activity,”” steatosis*®* and iron
deposition®® in the liver have been developed. Such as
ActiTest,*” SteatoTest,” and MR imaging for quantifica-
tion of fat* and iron contents® in liver provide the
information other than fibrosis derived from liver
biopsy. Thus in the near future, non-invasive methods
will replace liver biopsy.

© 2011 The Japan Society of Hepatology
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