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RESULTS

Characteristics of the patients and nodules

TOTAL OF 127 patients were enrolled, of whom 26

had chronic HBV infections and 101 had HCV
infections, and 68 had virus-associated cirrhosis. No
statistically significant differences in the initial clinical
characteristics were found between the non-clean
liver and clean liver groups (Table 1). Thirty-five
hypovascular hypointense nodules were found in 18
patients in the non-clean liver group (1-5 nodules per
patient) at baseline (data not shown). Twenty-four of
these 35 nodules were detectable only on the hepatocyte
phase MRI and were undetectable by US, CT and non-
hepatocyte phase MRI. None of the 35 nodules showed
high intensity on T2WI. The median nodule diameter
was 8 mm (range, 4-13 mm; 33 nodules with <10 mm,
two nodules with 12 mm and 13 mm).

HCC incidence according to initial

MRI findings

Hepatocellular carcinoma was diagnosed in 17 patients,
10 in the non-clean liver group and seven in the clean
liver group; 14 of these patients had HCV infection.
Thirteen patients were diagnosed according to the
AASLD imaging criteria.’ Four patients were diagnosed
pathologically by liver biopsies that were performed,
based on enlargement of the nodules of more than
10 mm in diameter during the observation period.

The cumulative 1-, 2- and 3-year HCC incidence rates
were 1.5%, 10.2% and 13.4%, respectively. As deter-
mined by the Kaplan-Meier method, these rates
were 11.1% (95% confidence interval [CI], 0.0-25.6%),
38.8% (95% CI, 16.3-61.4%) and 55.5% (95% CI,
32.6-78.5%) in the non-clean liver group, and 0.0%
(95% CI, 0.0-2.3%), 5.5% (95% CI, 0.0-9.8%) and

Table 1 Baseline patient characteristics
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6.4% (95% CI, 1.8-11.0%) in the clean liver group; the
former group showed significantly higher rates of devel-
opment of typical HCC than the latter (P<0.001) as
shown in Figure 2. The median imaging intervals were 3
months (range, 3-6) in the non-clean liver group and
4 months (range, 2-12) in the clean liver group. The
imaging interval of the non-clean liver group was
shorter than the clean liver group (3 vs 4 months,
P=0.015). The median intervals between the initial
MRI and HCC diagnosis was 16 months (range, 9-32)
in the non-clean liver group and 21 months (range,
16-35) in the clean liver group.

In 11 of 17 patients with HCC development, HCC
developed at sites in which no nodules had been seen
on the initial gadoxetic acid-enhanced MRI, namely
de novo HCC. These HCC were found in four of 18
patients in the non-clean liver group (3-year HCC inci-
dence rates: 22.2%; 95% CI, 4.3-51.0%) and 7 in 109
patients in the clean liver group (3-year HCC incidence
rates: 6.4%; 95% CI, 1.8-11.0%). The incidence rates of
de novo HCC was significantly higher in the non-clean
liver group than the clean liver group (P = 0.003, Fig. 3).
In the remaining six patients, HCC developed at the
same site of the initial nodules exclusively in 18 patients
of a non-clean liver group by definition, and those HCC
arose among the nodules of 8 mm or more in the initial
MRI study.

Risk factors for HCC development

Univariate analyses showed that the significant risk
factors for HCC development included older age
(P=0.039), cirthosis (P=0.009), a low platelet count
(P=10.003), a high AFP concentration (P = 0.006) and a
non-clean liver (P < 0.001). Multivariate analysis with
these variables revealed that older age (hazard ratio
[HR], 1.08; 95% CI, 1.01-1.16; P=0.024), a low plate-

Characteristics Total (n=127) Non-clean liver (n=18) Clean liver (n=109) P

Age, years 65 (30-88) 68 (46-82) 64 (30-88) 0.15
Male/femnale 68/59 10/8 58/51 1.00
Non-cirrhosis/cirthosis 59/68 6/12 53/56 0.31
HBV/HCV 26/101 5/13 21/88 0.53
Platelet count (x10%/L) 122 (30-410) 102 (46-187) 125 (30-410) 0.07
ALT (IU/L) 32 (7-206) 32 (14-95) 32 (7-206) 0.97
v-GT (IU/L) 31 (9-305) 31 (13-258) 31 (9-305) 0.68
AFP (ng/mL) 4 (1-582) 8 (2-181) 4 (1-582) 0.19

Continuous data are shown as medians (range).

v-GT, y-glutamyltransferase; AFP, o-fetoprotein; ALT, alanine aminotransferase; HBV, hepatitis B virus; HCV, hepatitis C virus.
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let count (HR, 1.17; 95% CI, 1.03-1.35; P=10.017)
and a non-clean liver (HR, 9.41; 95% CI, 3.47-25.46;
P <0.001) were the only independent risk factors for
HCC development (Table 2).

We further assessed the effect of a non-clean liver on
the risk of HCC development in subgroups of these
patients (Fig. 4). We found that belonging to the non-
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without HBV. Notably, this designation was particularly
valuable for patients who are generally regarded as at
low risk for HCC development: those without cirthosis
(HR, 37.23; 95% CI, 3.30-419.71; P = 0.003) and those
with high platelet counts (HR, 33.42; 95% CI, 6.69-
166.94; P < 0.001).
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Table 2 Variables that predict HCC development: univariate and multivariate analyses

Variables Univariate Multivariate
Hazard ratio (95% CI) P Hazard ratio (95% CI) P

Male 0.56 (0.29~1.95) 0.755

Age (per year) 1.06 (1.00-1.12) 0.039 1.08 (1.01-1.16) 0.024
Cirrhosis 14.37 (1.90-108.44) 0.009 3.54 (0.37-33.77) 0.231
HCV (vs HBV) 4.39 (0.58-33.17) 0.151

Platelet count (per 10'%/L) 1.19 (1.06-1.33) 0.003 1.17 (1.03-1.35) 0.017
ALT (per IU/L) 1.00 (0.99-1.02) 0.423

¥-GT (per IU/L) 1.00 (0.99-1.01) 0.688

AFP >10 ng/mL 3.98 (1.47-10.77) 0.006 1.47 (0.49-4.33) 0.486
Non-clean liver 12.36 (4.68-32.61) <0.001 9.41 (3.47-25.46) <0.001

v-GT, y-glutamyltransferase; AFP, a-fetoprotein; ALT, alanine aminotransferase; Cl, confidence interval; HBV, hepatitis B virus; HCC,

hepatocellular carcinoma; HCV, hepatitis C virus.

DISCUSSION

HIS STUDY REVEALED presence of hypovascular
hypointense liver nodules (non-clean liver) on
gadoxetic acid-enhanced MR], is a significant risk factor
for subsequent development of typical HCC not only at
the same sites but also at the different sites from the
initial nodules. The incidence of development of typical
HCC in the non-clean liver patients was more than 50%
during a 3-year follow-up period, indicating that these
higher risk patients should be rigorously investigated for
the early detection of HCC during follow up.
In the present study, six of the 18 patients in the
non-clean liver group developed typical HCC at the

same site of the initial nodules during the subse-
quent 3 years (11.1%/year). Most of the hypovascular
hypointense nodules on gadoxetic acid-enhanced MRI
are considered precursor lesions of typical HCC, such as
early HCC or high-grade dysplastic nodules, on histo-
logical examination,® " while it has been reported that
most hypovascular nodules exhibiting high-intensity to
isointensity signals in the hepatocyte phase are benign
hepatic nodules.''® Recent studies have suggested that
a reduction of organic anion-transporting polypep-
tide 1B3 (OATP 8) transporter expression begins at
the earliest stage of hepatocarcinogenesis,”*** before
changes in vascularity such as decreased portal flow or
increased arterial flow. The progression rate of the small

HR (95% Cl) p value
Male — B 7.89 (1.96-31.74) 0.003
Female L 18.54 (4.59-74.91) <0.001
Age =65 years S 13.56 (4.38-40.05)  <0.001
Age <65 years o 8.48 (1.19-60.28) 0.032
Cirrhosis e 7.64 (2.83-20.65) <0.001
Non-cirrhosis 5 3723 (3.30419.71)  0.003
HCV —— 14.23 (5.25-38.55) <0.001
HBV L 9.60 (0.86—-106.18)  0.065
PLT=10x 10%/mL| B 33.42 (6.69-166.94) <0.001
PLT <10 x 10¥/mL | —— 88—t 4.27 (1.14-15.97) 0.031  Figure 4 Stratified analyses of the
ALT =301UL ——— 15.32 (4.94-47.46) <0.001 non-clean liver as a risk factor for
ALT <301U/L B 773 (108—5497) 0.041 typlcal HCC development. AFP, o~
g-GTP=40 IULL —— 13.64 (3.79-49.05)  <0.00!  fetoprotein; ALT, alanine aminotrans-
g-GTP <40 UL ] 11.06 (2.46-49.61)  <0.001 ferase; Cl, confidence interval; g-GTP,
AFP =10 ng/mL — — 12.90 (3.72—44.73) <0.001 . o
AFP <10 ng/ml_ » 9.28 51.86—46.14)) 000p Y glutamyltransferase; HBV, hepatitis B
) i . virus; HCC, hepatocellular carcinoma;
0.1 1 10 100 1000 HCV, hepatitis C virus; HR, hazard

Hazard ratio
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hypovascular hypointense nodules to typical HCC was
reported as 10-17%/year,”'® which is comparable to the
present study. Typical HCC arose exclusively among the
nodules of 8 mm or more, as in previous studies in
which the larger hypovascular hypointense nodules
were found to be the risk factor for progression to typical
HCC in the initial MRI study.>*

Hyperintensity on T2WI? or diffusion-weighted
images (DWI)!! also was reported to be useful for
prediction of typical HCC progress in hypovascular
hypointense nodules. In our patients, none of the
nodules in the non-clean liver group showed hyper-
intensity on T2WI, suggesting that the hepatocyte
phase is more sensitive for detecting the early stage
of hepatocarcinogenesis.”> DWI were not evaluated in
this study because this usually detects pathologically
advanced HCC of larger size or with hypervascularity.”
Thus, it is reasonable that the hepatocyte phase can
effectively recognize the earliest stage of HCC develop-
ment without T2WI or DWL.

In 11 of 17 patients, typical HCC developed at
sites other than the initially detected hypovascular
hypointense nodules. As shown in Figure 3, the inci-
dence rates of such HCC in the non-clean liver group
was significantly higher than in the clean liver group
{P=0.003), indicating that a non-clean liver itself is a
risk factor for HCC development, apart from the detect-
able hypovascular hypointense nodules. In addition,
in four patients with nodules even below 8 mm,
two developed HCC at different sites from the initial
nodules during follow up (data not shown). Taken
together, a non-clean liver has the higher potential for
hepatocarcinogenesis or for undetectable precursor
lesions. The non-clean liver may reflect more advanced
genetic or epigenetic changes in the background hepa-
tocytes, however, the detailed biological mechanism is
not clear in this study.

Non-clean liver was an independent risk factor
for the development of typical HCC, apart from well-
documented risk factors (Table 2), such as cirthosis,*
ALT? v-GT,*® age and AFP.* A non-clean liver is a
significant risk for HCC development also for those
without cirthosis or with high platelet counts (Fig. 4).
This means patients at increased risk of HCC develop-
ment can be discerned as having a non-clean liver even
among low-tisk subgroups.

Conversely, patients without such nodules (clean liver
group) showed a significantly lower risk of developing
typical HCC than those with non-clean livers (0.0% vs
11.1% at 1 year, 6.8% vs 55.5% at 3 years of follow up;
P<0.001), suggesting that gadoxetic acid-enhanced
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MRI could detect precursor lesions sensitively enough to
rule out immediate (within 1year) development of
typical HCC. Although seven patients in the clean liver
group developed typical HCC only after 1 year, these
patients had other risk factors for HCC develop-
ment, including lower platelet counts, implying more
advanced liver cirrhosis or high AFP (data not shown).
Such HCC may arise from precursor lesions that cannot
be visualized by current imaging techniques.

This study is a retrospective study and has some
limitations. We included patients with HBV and HCV
together, because gadoxetic acid-enhanced MRI findings
or HCC development do not differ between these two
groups and HBV or HCV infection is not an indepen-
dent risk factor for typical HCC development. However,
the number of HBV patients was too small (n =26) to
statistically confirm the current result when limited
to HBV patients only. Prospective studies with larger
numbers of patients who have uniform liver disease
etiologies and imaging intervals are needed to verify
our findings in different settings. Although the imaging
interval of the non-clean liver group was shorter than
the clean liver group (3 vs 4 months: P=0.015), the
median intervals between the initial MRI and HCC diag-
nosis was 16 months in the non-clean liver group and
21 months in the clean liver group. They are short
enough for cumulative detection of HCC development
for 3 years and it is assumed that there was little influ-
ence on the conclusions.

In conclusion, patients with chronic viral liver disease
are at high risk for developing typical HCC at any sites of
the liver if they have hypovascular hypointense nodules
on gadoxetic acid-enhanced MRI. These patients should
be closely followed up for developing typical HCC not
only at the same site but also at different sites from the
initial nodule.
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Prospective comparison of real-time tissue elastography
and serum fibrosis markers for the estimation of liver
fibrosis in chronic hepatitis C patients
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Aim: Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using ultra-
sonography. Liver fibrosis (LF) index is a quantitative method
for evaluation of liver fibrosis calculated by RTE image fea-
tures. This study aimed to investigate the significance of
LF index for predicting liver fibrosis in chronic hepatitis C
patients.

Methods: In this prospective study, 115 patients with
- chronic hepatitis C who underwent liver biopsy were
included, and the diagnostic accuracy of LF index and serum
fibrosis markers was evaluated.

Results: RTE imaging was successfully performed on all
patients. Median LF index in patients with FO-1, F2, F3 and F4
were 2.61, 3.07, 3.54 and 4.25, respectively, demonstrating a
stepwise increase with liver fibrosis progression (P <0.001).
LF index (odds ratio [OR]=5.3, 95% confidence interval
[CI] = 2.2-13.0) and platelet count (OR =0.78, 95% Cl = 0.68—

0.89) were independently associated with the presence of
advanced fibrosis (F3—4). Further, LF index was independently
associated with the presence of minimal fibrosis (FO-1)
(OR =0.25, 95% Cl = 0.11-0.55). The area under the receiver—
operator curve (AUROC) of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4 index
(0.80) and aspartate aminotransferase/platelet ratio index
(APRI) (0.76). AUROC of LF index (0.81) was superior to plate-
lets (0.73), FIB-4 index (0.79) and APRI (0.78) in predicting
minimal fibrosis.

Conclusion: LF index calculated by RTE is useful for predict-

ing liver fibrosis, and diagnostic accuracy of LF index is supe-
rior to serum fibrosis markers.

Key words: chronic hepatitis C, fibrosis, liver fibrosis index,
real-time tissue elastography

INTRODUCTION

N ADVANCED STAGE of liver fibrosis in chronic
hepatitis C (CHC) is associated with hepatocellular
carcinoma development and complications such as
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esophageal variceal bleeding and liver failure.'? There-
fore, accurate evaluation of the stage of liver fibrosis
is most important in clinical practice. Liver biopsy is
considered to be the golden standard for diagnosis
of liver fibrosis.>* However, this method may be inac-
curate because of sampling errors and interobserver
variations.®”

Improvements in a variety of non-invasive methods
for evaluating liver fibrosis have recently emerged as
alternatives to liver biopsy. Liver fibrosis was reportedly
predicted by measurement of liver stiffness using
transient elastography®’ and acoustic radiation force
impulse (ARFI)."*!' As assessed by blood laboratory
tests, the aspartate aminotransferase (AST)/alanine

© 2013 The Japan Society of Hepatology
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aminotransferase (ALT) ratio,'? AST/platelet ratio index
(APRI),"'" and FIB-4 index'*'® have been reported to be
useful for the prediction of liver fibrosis. We previously
reported that the FIB-4 index is useful for the prediction
of liver fibrosis progression.*’

Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using
ultrasonography.'® RTE calculates the relative hardness
of tissue from the degree of tissue distortion and dis-
plays this information as a color image. RTE was
recently reported to be useful for predicting liver fibro-
sis.’*?® To increase the objectivity of the evaluation, an
image analysis method to evaluate the strain image fea-
tures and a new algorithm to deliver an index were
proposed. Liver fibrosis (LF) index is a quantitative
method for evaluation of liver fibrosis that is calculated
by nine RTE image features, and the significance of LF
index for predicting liver fibrosis has been reported.***

In the present study, we prospectively investigated the
significance of LF index calculated by RTE for the pre-
diction of liver fibrosis in CHC patients. Further, diag-
nostic accuracy for liver fibrosis was compared between
LF index and serum fibrosis markers.

METHODS

Patients

TOTAL OF 127 consecutive patients with CHC
were prospectively investigated. All patients under-
went liver biopsy at Musashino Red Cross Hospital
between February 2011 and November 2012. Exclusion
criteria comprised the following: (i) co-infection with
hepatitis B virus (n=1); (ii) co-infection with HIV
(n=1); (iii) history of autoimmune hepatitis or primary
biliary cirthosis (1= 3); (iv) alcohol abuse (intake of
alcohol equivalent to pure alcohol 240 g/day) (n=0);
(v) portal tracts of biopsy sample of less than five
(n=7); and (vi) presence of serious heart disease
(n=0). After exclusion, 115 patients were enrolled in
this study. Written informed consent was obtained from
each patient and the study protocol conformed to the
ethical guidelines of the Declaration of Helsinki and was
approved by the institutional ethics review committees
(application no. 24007).

Histological evaluation

Liver biopsy specimens were laparoscopically obtained
using 13-G needles (n=93). When laparoscopy was
not conducted due to a history of upper abdominal
surgery, percutaneous ultrasound-guided liver biopsy
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was performed using 15-G needles (1 =22). Specimens
were fixed, paraffin-embedded, and stained with
hematoxylin-eosin and Masson-trichrome. A biopsy
sample with minimum portal tracts of five was required
for diagnosis. All liver biopsy samples were indepen-
dently evaluated by two senior pathologists who were
blinded to the clinical data. Fibrosis staging was catego-
rized according to the METAVIR score:*® FO, no fibrosis;
F1, portal fibrosis without septa; F2, portal fibrosis with
few septa; F3, numerous septa without cirthosis; and F4,
cirrhosis. Activity of necroinflammation was graded on a
scale of 0-3: A0, no activity; A1, mild activity; A2, mod-
erate activity; and A3, severe activity. Percentage of
steatosis was quantified by determining the average pro-
portion of hepatocytes affected by steatosis and graded
on a scale of 0-3: grade 0, no steatosis; grade 1, 1-33%;
grade 2, 34-66%; and grade 3, 67% and over.

Clinical and biological data

The age and sex of the patients were recorded. Serum
samples were collected within 1 day prior to liver biopsy
and the following variables were obtained through
serum sample analysis: AST, ALT and platelet count.
FIB-4 index and APRI were calculated according to the
published formula appropriate to each measure.’**

RTE and LF index

Real-time tissue elastography was performed using HI
VISION Preirus (Hitachi Aloka Medical, Tokyo, Japan)
and the EUP-L52 linear probe (3-7 MHz; Hitachi Aloka
Medical) within 3 days of liver biopsy. RTE was per-
formed on the right lobe of the liver through the inter-
costal space. An RTE image was induced by heartbeats.
Five RTE images were collected for each patient and
analyzed to calculate nine image features. RTE method
and the equation that calculates LF index using nine
image features has been previously detailed.”* Results
are expressed as mean LF index of all measurements.
Two hepatologists (N.T. and K. Tsuchiya, with 8 and
16 years of experience, respectively) performed RTE. In
32 patients with CHGC, LF index was measured indepen-
dently by two examiners. The correlation coefficient of
LF index between two examiners was 0.85 (P < 0.001).

Statistical analysis

Correlations between LF index and histological fibrosis
stage were analyzed using Spearman’s rank correlation
coefficients. Categorical variables were compared using
Fisher’s exact test, and continuous variables were com-
pared using Mann-Whitney U-test. P<0.05 was con-
sidered statistically significant. Logistic regression was

© 2013 The Japan Society of Hepatology



722 N. Tamaki et al.

used for multivariate analysis. Receiver-operator curves
(ROC) were constructed, and the area under the ROC
(AUROC) was calculated. Optimal cut-off values were
selected, to maximize sensitivity, specificity and diag-
nostic accuracy. Sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV)
were calculated by using cut-offs obtained by ROC. SPSS
software ver. 15.0 (SPSS, Chicago, IL, USA) was used for
analyses.

RESULTS

Patient characteristics

HE CHARACTERISTICS OF all 115 patients are

listed in Table 1. FO-1 was diagnosed in 52 cases
(45%), F2 in 31 (27%), F3 in 20 (17%) and F4 in 12
(11%). Mean values of LF index of FO (2.62) and F1
(2.60) were not significantly different (P=0.9), and
only six patients with FO were included in this study.
Therefore, patients with FO and F1 were integrated for
the analysis. RTE imaging was successfully performed in
all patients, and LF index was calculated.

Relationship between histological findings
and LF index by RTE

The median value of LF index compared with the
METAVIR fibrosis stage is shown in Figure 1. Median LF

Table 1 Patient characteristics

Characteristics Patients (n=115)
Female/male 68/47
Age (years) 57.9+10.9
AST (IU/L) 55.7+44.9
ALT (IU/L) 6324563
Platelet counts (x10°/L) 162+ 53
Portal tracts of biopsy samples 12.6%£5.0
Fibrosis stage

FO-1 (%) 51 (44)

F2 (%) 32(28)

F3 (%) 20 (17)

F4 (%) 12 (11)
Histological activity

A0 (%) 0 (0)

Al (%) 75 (65)

A2 (%) 34 (30)

A3 (%) 6 (5)
Steatosis grade

Grade 0 (%) 65 (57)

Grade 1 (%) 47 (41)

Grade 2 (%) 3(2)

Grade 3 (%) 0(0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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Figure 1 Correlation between liver fibrosis (LF) index calcu-
lated by real-time tissue elastography and fibrosis stage. Box
plot of the LF index is shown according to each fibrosis stage.
The bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through the
box indicates the median value, and error bar indicates
minimum and maximum non-extreme values.

index in patients with FO-1, F2, F3 and F4 were 2.61,
3.07, 3.54 and 4.25, respectively, demonstrating a step-
wise increase with liver fibrosis progression (P < 0.001).
LF index of each fibrosis stage significantly differed from
each other (FO-1vs F2, P< 0.001; FO-1vs F3, P< 0.001;
FO-1 vs F4, P<0.001; F2 vs F3, P=0.009; F2 vs F4,
P=0.001). On the other hand, mean values of LF index
in patients with steatosis grade 0, 1 and 2 were 2.99,
3.29 and 2.60, respectively, demonstrating no signifi-
cant correlation (Fig. 2a). LF index was compared with
steatosis grade for each fibrosis stage. LF index was not
significantly different between patients with steatosis
and without steatosis (Fig. 2b).

Liver fibrosis index was compared with histological
activity. A significant correlation existed between histo-
logical activity and fibrosis stage. Therefore, the relation-
ship between LF index and histological activity was
examined by each fibrosis stage. In patients with FO-1,
the mean LF index of A1, A2 and A3 was 2.60, 2.58 and
2.40, tespectively, demonstrating no significant correla-
tion. Similarly, in patients with F2, F3 and F4, there was
no significant correlation between LF index and histo-
logical activity (Fig. 3).
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(a)

LF index

LF index

FO-1 F2 F3 F4

Figure 2 (a) Correlation between liver fibrosis (LF) index and
steatosis grade. Box plot of the LF index is shown according to
each steatosis grade. The bottom and top of each box represent
the 25th and 75th percentiles, giving the interquartile range.
The line through the box indicates the median value, and error
bar indicates minimum and maximum non-extreme values.
(b) Box plot of LF index for each fibrosis stage in relation to
degree of steatosis grade. The bottom and top of each box
represent the 25th and 75th percentiles, giving the interquar-
tile range. The line through the box indicates the median value,
and error bar indicates minimum and maximum non-extreme
values. Dark grey bar chart indicates steatosis grade 0. Light
grey bar chart indicates steatosis grade 1-2.
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Figure 3 Box plot of liver fibrosis (LF) index for each fibrosis
stage in relation to degree of necroinflammatory activity. The
bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through
the box indicates the median value, and error bar indicates
minimum and maximum non-extreme values. Dark grey bar
chart indicates activity grade 1. Light grey bar chart indicates
activity grade 2. White bar chart indicates activity grade 3.

Comparison of variables associated with
the presence of advanced fibrosis (F3-4) by
univariate and multivariate analysis

Variables associated with the presence of advanced
fibrosis (F3-4) were assessed by univariate and multi-
variate analysis (Table 2). The variables of age (P = 0.03)
and LF index (P < 0.001) were significantly higher, and
the variable of platelets (P<0.001) was significantly
lower in patients with advanced fibrosis than in
patients with FO-2. Multivariate analysis showed that
LF index (odds ratio [OR]=5.3, 95% confidence
interval [CI] =2.2-13.0) and platelets (OR=0.78, 95%
CI = 0.68-0.89) were independently associated with the
presence of advanced fibrosis.

Comparison of variables associated with
the presence of minimal fibrosis (FO-1) by
univariate and multivariate analysis

Variables associated with the presence of minimal fibro-
sis (FO-1) were assessed by univariate and multivariate
analysis (Table 3). The variables of age (P < 0.001), AST
(P=0.02) and LF index (P<0.001) were significantly
lower, and the variable of platelets (P < 0.001) was sig-
nificantly higher in FO-1 patients than F2-4 patients.

© 2013 The Japan Society of Hepatology
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Table 2 Variables associated with the presence of advanced fibrosis (F3-4) by univariate and multivariate analysis

F0-2 (n=83) F3-4 (n=32) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)
Age (years) 56.6+10.9 61.3£10.4 0.03
Sex (female/male) 51/32 17/15 0.41
AST (IU/L) 52.3%43.3 64.4+48.3 0.19
ALT (IU/L) 62.9 % 60.6 63.9+44.2 0.93
Platelets (x10%/L) 179 +47 117+ 42 <0.001 0.78 (0.68-0.89)
LF index . 2.81+0.69 3.86+£0.81 <0.001 5.30 (2.16-13.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.

Multivariate analysis showed that LF index was indepen-
dently associated with the presence of minimal fibrosis
(OR=0.25, 95% CI =0.11-0.55).

Diagnostic accuracy of RTE and serum
fibrosis markers

Receiver-operator curves of LF index, platelets, FIB-4
index and APRI for predicting advanced fibrosis (F3-4),
and minimal fibrosis (FO-1) were plotted, as shown in
Figure 4. AUROC of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4
index (0.80) and APRI (0.76). Similarly, for predicting
minimal fibrosis, AUROC of LF index (0.81) was supe-
rior to platelets (0.73), FIB-4 index (0.79) and APRI
(0.78). The corresponding sensitivities, specificities, PPV
and NPV are detailed in Table 4. "

DISCUSSION

MPROVEMENTS IN VARIOUS methods for predic-
tion of liver fibrosis have recently emerged as alterna-
tives to liver biopsy. RTE is a non-invasive method for
the measurement of tissue elasticity using ultrasonogra-
phy. The utility of RTE for evaluating liver fibrosis is
reported in a few studies.’®** However, for utilizing LF

index, one of the equations used to calculate tissue elas-
ticity by RTE is still unclear. The aim of this study was to
investigate the significance of LF index for the prediction
of liver fibrosis in CHC patients.

In this prospective study, we found that LF index is a
useful predictive factor for diagnosis of the fibrosis stage
in CHC patients. Increase in LF index significantly cor-
related with progression of the fibrosis stage and LF
index was able to predict the presence of advanced fibro-
sis and minimal fibrosis. Previous studies reported the
utility of LF index for prediction of the liver fibrosis
stage.*? In this study, LF index differed significantly
between patients with FO-1 and F2; thus, LF index was
especially useful for prediction of minimal fibrosis. This
may be due to a sufficient number of patients with FO-1
and F2 included in the present study. This is an advan-
tage of LF index because other quantitative methods by
RTE could not discriminate patients with FO-1 and
F2.1%2° On the other hand, there is a possibility that a
similar result may be obtained for differentiation of F3
and F4 if a large number of patients with advanced
fibrosis was included.

Previous studies did not compare the diagnostic accu-
racy of LF index and serum fibrosis markers. We revealed
that LF index performed better than serum fibrosis

Table 3 Variables associated with the presence of minimal fibrosis (FO-1) by univariate and multivariate analysis

FO-1 (n=51) F2-4 (n=64) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)

Age (years) 54.0£11.9 61.0+£9.0 <0.001

Sex (female/male) 31/20 37/27 0.74

AST (IU/L) 44.5+42.6 64.6 +44.9 0.02

ALT (IU/L) 53.0£56.3 71.3%55.5 0.08

Platelets (x10°/L) 186 £47 142+ 50 <0.001

LF index 2.60+0.59 3.51+0.84 <0.001 0.25 (0.11-0.55)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cl, confidence interval; LF, liver fibrosis.
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Figure 4 Receiver-operator curves (ROC) of liver fibrosis (LF)
index and serum fibrosis markers. (a) ROC for diagnosis of
significant fibrosis (F3-4). (b) ROC for diagnosis of minimal

fibrosis (FO-1). —, LF index; ---- platelets; , aspartate
aminotransferase-to-platelet ratio index; - , FIB-4 index.

markers based on blood laboratory tests for predicting
liver fibrosis.

Transient elastography has been most commonly
used to measure liver stiffness and is established in
clinical practice to evaluate liver fibrosis.®® RTE exhibits
some advantages compared with transient elastogra-
phy. In this study, RTE imaging was successfully per-
formed in all patients, and LF index was calculated.
Although transient elastography has high diagnostic

RTE and liver fibrosis 725

capabilities when it comes to liver fibrosis, measure-
ments are sometimes impossible in patients with severe
obesity and ascites.*® Reproducibility of transient
elastography was reportedly lower in patients with
steatosis, inflammation, increased body mass index
and lower degrees of liver fibrosis.>*” On the other
hand, LF index is measured by ultrasound guidance
that facilitates the identification of a suitable location
for elastographic measurement, thereby resulting in a
higher number of patients with valid results.

Unlike transient elastography, another advantage of
LF index is that the results are not influenced by the
presence of inflammation and steatosis. It was reported
that LF index is not useful in patients with steatosis.?
However, LF index was not significantly different
between patients with and without steatosis in the
present study even after stratification by fibrosis stage.
Thus, LF index was useful for prediction of fibrosis in
CHC patients regardless of steatosis. Because LF index of
each activity grade and steatosis grade did not differ
from each other, estimation of liver fibrosis by LF
index demonstrated higher reproducibility than tran-
sient elastography.

In previously reports, diagnostic accuracy of liver
fibrosis using RTE was inferior to transient elastogra-
phy;*® however, other studies have reported contrasting
results.’ The reason for this variability is probably
because RTE technology and the equations used to cal-
culate tissue elasticity are rapidly changing. The utility of
elastic ratio, another RTE method for evaluation of liver
fibrosis, was reported.”® The elastic ratio is the ratio
between the tissue compressibility of the liver and that
of the intrahepatic small vessel. The AUROC of elastic
ratio for predicting advanced fibrosis was 0.94 and was
superior to LF index. Further, ARFI and real-time shear
wave elastography were reported to have a high diag-
nostic accuracy of liver fibrosis.'®**? There are currently -
no studies that directly compare LF index and those
methods for diagnostic value of liver fibrosis. Therefore,
further studies are needed to fully explore the potential
of RTE, especially with regard to LF index.

Our study had several limitations. The number of
patients with advanced fibrosis was small. The potential
of LF index to differentiate patients with F3 and F4
needs to be explored with a large number of patients.
Further, validation study is needed to evaluate the diag-
nostic accuracy of fibrosis stage, especially in compari-
son with other modalities.

In conclusion, LF index calculated by RTE is useful for
predicting liver fibrosis, and diagnostic accuracy of LF
index is superior to that of serum fibrosis markers.

© 2013 The Japan Society of Hepatology
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Table 4 Diagnostic performance of LF index and serum fibrosis markers

F0-2 vs F3-4 FO-1vs F2-4
AUROC Sensitivity Specificity PPV NPV AUROC Sensitivity Specificity PPV NPV
' (%) (%) (%) (%) (%) (%) (%) (%)
LF index 0.84 90.6 71.1 54.7 95.2 0.81 84.3 70.3 69.4 84.9
Platelets . 0.82 87.5 66.3 50.0 93.2 0.73 80.4 59.4 61.2 79.2
FIB-4 index 0.80 71.9 81.9 60.5 88.3 0.79 54.9 90.6 823 71.6
APRI 0.76 87.5 61.4 46.7 92.7 0.78 64.7 85.9 78.6 75.3

APRI, aspartate aminotransferase/platelet ratio index; AUROC, area under the receiver-operator curve; NPV, negative predictive value;
PPV, positive predictive value. :
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Deep sequencing technologies are currently cutting edge,
and are opening fascinating opportunities in biomedicine,
producing aver 100-times more data compared to the conven-
tional capillary sequencers based on the Sanger method.
Next-generation sequencing (NGS) is now generally defined
as the sequencing technology that, by employing parallel
sequencing processes, producing thousands or millions of
sequence reads simultaneously. Since the G520 was released
as the first NGS sequencer on the market by 454 Life Sciences,

the competition in the development of the new sequencers
has become intense. In this review, we describe the current
deep sequencing systems and discuss the application of
advanced technologies in the field of hepatology.

Key words: deep sequencing technology, next-generation
sequencing, pyrosequencing, sequencing-by-synthesis

INTRODUCTION

EEP SEQUENCING TECHNOLOGIES are cur-

rently hot topics and are opening fascinating
opportunities in the study of biomedicine. They can
produce over 100-times more data compared to the
traditional capillary sequencers based on the standard
Sanger method. This technology was introduced in
Nature Methods as the method of the year in 2007}

In 1975, Sanger first reported the sequencing method
by primed synthesis with DNA polymerase.” In 1977,
epoch-making articles were published in succession.
DNA sequencing for the genome of a bacteriophage
was conducted with the Sanger enzymatic dideoxy tech-
nique based on chain-terminating dideoxynucleotide
analogs.** A method of DNA sequencing reported in
the same year by Maxam and Gilbert and known as
Maxam-Gilbert sequencing involves chemical cleavage
at specific bases of terminally labeled DNA fragments
and separation by gel electrophoresis.” The automation
of DNA sequence analysis was developed by Caltech
(California Institute of Technology, Pasadena, CA, USA)
and commerdalized by Applied Biosystems (ABI,
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Applied Biosystems, Foster City, CA, USA), Wilhelm
Ansorge at the European Molecular Biology Labora-
tory and Pharmacia-Amersham, later General Electric
Healthcare (GE Healthcare, Little Chalfont, Bucking-
hamshire, UK).**

The Sanger method was used in the first automated
fluorescent DNA sequencing, in which a complete
sequence of 57 kb of the human hypoxanthine-guanine
phosphoribosyltransferase (HGPRT) gene was deter-
mined.” ABI introduced the ABI Prism 310 automated
DNA sequencer in 1996 and the automated capillary
sequencer ABI Prism 3700 in 1998. Together with
advances in automation and development of new bio-
chemicals, the Sanger method has made possible the
determination of various sequences in many research
projects. An initial rough draft of the human genome
was finished and announced jointly by US President
Bill Clinton and British Prime Minister Tony Blair in
2000, and another study reported the sequencing of the
human genome of up to 3 billion bases.’®!! The first
human genome sequence of the Human Genome
Project (HGP) was completed in 2003. The HGP has
taken 13 years and cost $US 2.7 billion. Using the basic
dideoxy method of Sanger sequencing enabled a great
achievement.

Before the human genome sequence was completed,
Venter proposed a project entitled “The Future of
Sequencing: Advancing Towards the $1000 Genome” at
the opening session of The Genome Sequencing and
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Analysis Conference in 2002 and announced that his
foundation would earmark a prize for a breakthrough
leading to the goal. Formally, the National Institutes
of Health convened the National Human Genome
Research Institute and introduced the first in a series of
$1000 Genome grants designed to advance the develop-
ment of breakthrough technologies in 2004. The reac-
tion at the completion of the human genome sequence
was different between Japanese and US scientists. While
Japanese was considered to have “finished” sequence
technology, the USA was thought to have begun. There-
fore, some venture companies competed to develop
new sequence technology. In 2000, Rothberg estab-
lished 454 Life Sciences (Branford, CT, USA) and devel-
oped the first next-generation sequencing (NGS) system,
the GS instrument, in 2005.'*" In this review, we
describe NGS systems and discuss the application of
these advanced technologies in hepatology.

FIRST NGS SYSTEMS: 454 GS SERIES

HE NGS IS now generally defined as the sequencing

technology that employs parallel sequencing pro-
cesses producing thousands or millions of sequence
reads simultaneously. Rothberg and colleagues first suc-
ceeded in sequencing the Mycoplasma genitalium genome
with 96% coverage and 99.96% accuracy in a single
GS20 run.’® The GS20 was the first NGS sequencer put
on the market by 454 Life Sciences. In the following
years, Roche (Basel, Switzerland) absorbed 454 Life Sci-
ences and extended GS20 to a new version of the GS FLX
titanium series. The GS FLX titanium series used a par-
allel pyrosequencing system capable of data output from
100 Mb to 500 Mb per run with a 400-500 bp read
length. The pyrosequencing of this sequencer is based on
measuring the pyrophosphate generated by the DNA
polymerization reaction.'*’ DNA is fractionated into
the fragments of 300-800 bp and these DNA fragments
are ligated with short adapters that contain the binding
of one fragment to a streptavidin-coated bead. Emulsion
polymerase chain reaction (PCR) is carried out for frag-
ment amplification, with water droplets containing one
bead and PCR reagents immersed in oil. When the PCR
amplification cycles are completed, denaturation beads
carrying single-stranded DNA clones are placed into the
wells of a fiber-optic slide. On the slide, amplified DNA
bound to each of the beads containing sulfurylase and
luciferase are sequenced. When one nucleotide is added
to the complementary template by the polymerase reac-
tion, a charge-coupled device (CCD}) sensor can record
the light signal from luciferin. Of note, the signal
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strength is proportional to the number of nucleotides.’
This technology is defined as “sequencing-by-synthesis”
and is called pyrosequencing in this system.

SECOND-GENERATION NGS SYSTEM: THE
ILLUMINA GENOME SEQUENCER

ENERALLY, THE ROCHE/GS FLX titanium series,

the Solexa Genome Analyzer (Illumina, San Diego,
CA, USA) and the ABI SOLID system are now classified
as second-generation NGS systems. However, the GS
FLX series could obtain smaller amounts of data per run
than the Illumina or SOLID systems. Therefore, some
technologists believe that [llumina and SOLiD sequenc-
ers are second-generation NGS systems.

The Solexa sequencing system, acquired by Hlumina,
was commercialized in early 2007. The Illumina
Genome Analyzer is also based on the “sequencing-by-
synthesis” to produce short sequence reads of millions
of surface amplified DNA fragments simultaneously.
Starting with fragmentation of the genome DNA,
adaptor-ligated DNA fragments are attached to the
surface of a glass flow cell. The flow cell is separated into
eight channels and the surfaces of the channels have
covalently attached oligos complementary to the adap-
tors and ligated to the library DNA fragments. Then, on
the flow cell, adaptor-ligated DNA fragments are ampli-
fied by polymerase reaction for bridge amplification and
form the cluster fragments. The cluster fragments are
denatured; annealed with a sequencing primer and
subjected to DNA synthesis with four differentially
reversible labeled fluorescent nucleotides that have their
3’-end chemical termination to ensure that only a single
base is extended. After a single base is incorporated into
the DNA strand, the terminator nucleotide is detected
via its labeled fluorescent dye by the CCD camera. Then,
the labeled fluorescent dye and 3’-end chemical termi-
nations are removed and the next DNA syntheSIS cycle
is repeated.

. The Genome Analyzer IIx can obtain 30-100 nucleo-
tide read lengths and data output per paired-end run
from 1-3 Gb.!5"'® Moreover, Illumina released a HiSeq
sequencer series which enabled higher throughput and a
desktop MiSeq sequencer type which could sequence
more rapidly in 2013.

SECOND-GENERATION NGS SYSTEM: THE ABI
SOLiD SEQUENCER

HE ABI SOLID sequencer was introduced in October
2007. SOLID is an abbreviation for “sequencing



