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Abstract

Objective: Althoughliver biopsy is the gold standard for viral
liver disease management, it is invasive and the sampling er-
ror rate is problematic. Real-time tissue elastography (RTE),
a recently developed method of ultrasound elastography,
can be used to assess liver fibrosis noninvasively but the
overlap between fibrosis stages limits its ability to assess liv-
er fibrosis adequately when used alone. Methods: A multi-
center collaborative study involving 542 patients with
chronic viral hepatitis and cirrhosis who were scheduled to
undergo liver biopsy compared the image features obtained
from RTE image analysis, the liver fibrosis index (LFI), and
pathological diagnosis. RTE and a blood test were performed

on the same day as the liver biopsy. Data mining was also
performed to construct a decision tree, and its diagnos-
tic performance for assessing liver fibrosis was evaluated.
Results: The LFI was higher in patients with chronic hepatitis
C(CHAQ) than in those with chronic hepatitis B (CHB). When a
decision tree was constructed by data mining of RTE and se-
rological findings, the diagnostic accuracy was very high for
all fibrosis stages, with respective rates at F1, F2, F3, and F4
of 94.4, 54.1, 38.7, and 81.3% for patients with CHC and of
97.1, 50.0, 43.8, and 80.6% for patients with CHB. Conclu-
sions: The variation in LFl values between the different eti-
ologies appears to reflect the difference in the development
style of liver fibrosis. The decision tree for assessing liver fi-
brosis constructed by data mining of both RTE and serologi-
cal findings had a high diagnostic performance in assessing
liver fibrosis and shows promising clinical utility.
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Introduction

Spontaneous clearance of hepatitis C virus (HCV) al-
most never occurs once the infection has become chron-
ic, so liver fibrosis progresses year after year and ulti-
mately leads to cirrhosis in individuals with chronic hep-
atitis C (CHC) if they do not undergo antiviral therapy
with agents such as interferons [1]. Viral hepatitis is a
cause of hepatocarcinogenesis, and the incidence of liver
cancer significantly increases as liver fibrosis progresses
in CHC [2]. It is expected that the surveillance of liver
cancer will improve detection rates of early-stage liver
cancer and consequently improve prognosis through
treatment, including local therapy, hepatectomy, and liv-
er transplantation [3-9]. Liver fibrosis affects both the
virus eradication rate and prognosis. Assessing liver fi-
brosis is therefore useful for determining the indication
of treatment for viral hepatitis and predicting the risk of
hepatocarcinogenesis, making it very important in clini-
cal practice.

Liver biopsy is regarded as the gold standard for as-
sessing liver fibrosis; however, it is an invasive technique
that carries risks of bleeding and pain. Moreover, the bi-
opsy sample evaluated is small, representing only 1/50,000
of theliver, so differences in assessment findings can arise
depending on the site biopsied or the examining patholo-
gist’s judgment. One study that compared the pathologi-
cal findings of liver biopsy with those of hepatectomy
found a variation rate of approximately 30% [10].

Another useful assessment technique is ultrasound
elastography, which noninvasively measures liver stiff-
ness. Although liver stiffness is influenced by factors
such as liver fibrosis and inflammation, it is correlated
with the incidence of viral hepatocarcinogenesis, and
studies have shown that the FibroScan is useful for the
surveillance of liver cancer [5, 11-13]. Real-time tissue
elastography (RTE), an ultrasound elastography with
another measurement principle, noninvasively depicts
the distortion in liver tissue caused by beating of the
heart in real time; as liver fibrosis progresses, the per-
centage of blue low-strain areas and the textural disorga-
nization increase [14, 15]. A verification study using a
mechanical model of liver fibrosis suggested that chang-
es in RTE images associated with the progression of liver
fibrosis are seen because RTE is actually depicting liver
fibrosis itself [16]. In addition, the liver fibrosis index
(LFI), which is a multiple regression equation for assess-
ing liver fibrosis using liver fibrosis estimates based on
biopsy and RTE data obtained from patients with CHC
and cirrhosis, is widely used as a technique for assessing
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liver fibrosis with RTE as it can be easily measured with
RTE systems [17-20]. However, the LFI was developed
based on data from patients with CHC and cirrhosis, and
its usefulness for other etiologies has not been sufficient-
ly discussed. Furthermore, the stage of fibrosis is often
not completely clear when using the LFI in clinical prac-
tice, due to the large amount of overlap between the stag-
es, so an assessment method with greater diagnostic ac-
curacy is needed.

Against this background, in this study we examined
differences between patients with CHC and chronic hep-
atitis B (CHB) by comparing image features from RTE
image analysis, the LFI, and serological tests. We also
constructed a decision tree by data mining both RTE and
serological findings and evaluated its diagnostic perfor-
mance for assessing liver fibrosis.

Patients and Methods

Patients

This was a multicenter collaborative study conducted at Kin-
ki University Hospital, Osaka City University Hospital, Shimane
University Hospital, Osaka Red Cross Hospital, Hitachi General
Hospital, Kagawa University Hospital, Minami Wakayama Med-
ical Center, Kumamoto Shinto General Hospital, Nagoya City
University Hospital, Wakayama Medical University Hospital,
Osaka Medical Center for Cancer and Cardiovascular Diseases,
Ehime University Hospital, Takamatsu Red Cross Hospital, Tot-
tori University Hospital, Yashiro General Hospital, Hyogo Col-
lege of Medicine Hospital, and PL Hospital. Only patients chron-
ically infected with either HCV or hepatitis B virus (HBV) were
included (coinfected patients were excluded). The strain of hepa-
titis virus was determined based on whether a positive result was
obtained when HCV-RNA and HBV-DNA were measured. Fur-
thermore, patients who consumed 220 g of alcohol per day or
had another type of chronic hepatitis such as primary biliary cir-
rhosis or autoimmune hepatitis were excluded. The study proto-
col conformed to the Declaration of Helsinki and was approved
by the ethics committee of each participating institute. Informed
consent to participate in the study was obtained from each pa-
tient.

Clinical and Laboratory Assessments

A blood test and RTE were performed on the same day as the
liver biopsy. Aspartate aminotransferase (AST), alanine amino-
transferase (ALT), gamma-glutamyl transpeptidase (GGT), total
bilirubin (T-Bil), platelet count (PLT), prothrombin time (PT), in-
ternational normalized ratio (INR), hyaluronic acid (HA), type IV
collagen, type IV collagen 7S domain, type III procollagen N-pep-
tide (P3P), and matrix metalloproteinase-3 (MMP3) were assessed
using automated methods.

Histological Assessment

Percutaneous ultrasound-guided liver biopsy was performed -

on the right lobe with a Tru-Cut semiautomatic 16- or 18-gauge
needle apparatus. The liver biopsy specimens were fixed in for-
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malin, embedded in paraffin, and stained with hematoxylin and
eosin, Masson’s trichrome or Azan. All biopsy specimens were
examined by 3 liver pathology experts who were blinded to the
patient characteristics. Liver fibrosis was scored by the new Inu-
yama classification, the Japanese criteria for the histological as-
sessment of chronic viral hepatitis [21]. The 3 pathologists as-
sessed each case separately and differences in judgments were re-
solved by consensus. The stage of fibrosis was classified as follows:
FO = no fibrosis; F1 = fibrosis portal expansion; F2 = bridging
fibrosis (portal-portal or portal-central linkage); F3 = bridging
fibrosis with lobular distortion (disorganization), or F4 = cirrho-
sis.

Real-Time Tissue Elastography

The principle of RTE has been already reported by us [14, 15,
18-20, 22, 23]. Briefly, RTE was performed using ultrasonogra-
phy (EUS-8500, HI-VISION 900, and HI-VISION Ascendus;
Hitachi Aloka Medical, Tokyo, Japan) and the EUP-L52 linear
probe (3-7 MHz; Hitachi Aloka Medical). Patients were exam-
ined in the spine position with the right arm in maximal abduc-
tion and were instructed to hold their breath. The examinations
were performed on the right lobe through the intercostal spaces,
with the transducer held firmly with no compression applied to
the skin. The B-mode and static image superimposed on B-mode
were both visualized in real time, enabling the optimal position
to be easily selected. The region of interest of the strain image
was 2.5 cm? and located about 1 cm below the surface of the
liver. In addition, to obtain good images, scanning was per-
formed to avoid large vessels and attenuation by the lungs and
ribs. Videos comprising stable RTE images over >5 sequential
heartbeats were saved 3 times. A reader blinded to patient char-
acteristics selected 10 appropriate images from the saved videos
using the electrocardiogram and strain graph as references and
analyzed those images. As RTE is a technique for depicting rela-
tive strain, artifacts within the region of interest affect the results
and therefore the reader selected images with few artifacts and
then analyzed the areas without artifacts in these images. From
each RTE image, 11 image features were extracted: mean relative
strain value (MEAN); standard deviation of relative strain value
(SD); percentage of low strain area (percentage of the blue col-
ored area; %AREA); complexity of low strain area (calculated as
square of perimeter divided by area; COM); skewness (SKEW);
kurtosis (KURT); contrast (CON); entropy (ENT); textural
complexity, inverse difference moment (IDM); angular second
moment (ASM), and correlation (COR). LFI was calculated us-
ing a previously reported method [17-19].

Statistical Analysis

Descriptive statistics are shown as median and quartile, or per-
centage as appropriate. Differences in findings by etiology were
evaluated using the nonparametric Mann-Whitney U test. Differ-
ences in findings by fibrosis stage were evaluated by multiple com-
parisons with Tukey’s honestly significant difference test and
trend analysis with the Jonckheere-Terpstra trend test. Differences
were considered statistically significant at p < 0.05. The diagnostic
performance for liver fibrosis was determined in terms of sensitiv-
ity, specificity, positive predictive value, negative predictive value,
diagnostic accuracy, and area under the receiver operating charac-
teristic curve (AUROC). All analyses were performed using SPSS
Statistics 20 (IBM, Armonk, N.Y., USA).

Noninvasive Diagnosis of Liver Fibrosis

Results

Demographics and Baseline Features

A total of 542 patients with good RTE images, good
samples from liver biopsy, and with liver fibrosis were in-
cluded in the analysis. The pathological diagnosis was
HCV in 414 patients (F1: 179, F2: 98, F3: 62, and F4: 75)
and HBV in 128 patients (F1: 69, F2: 12, F3: 16, and F4:
31).

Comparison of Serological Markers and Pathological

Diagnosis

In the HCV-infected patients, as the stage of fibrosis
progressed, a significant increasing trend was seen for
AST, ALT, GGT, T-Bil, INR, HA, type IV collagen, type
IV collagen 7S, and P3P (p < 0.0001), a significant de-
creasing trend was seen for PLT (p < 0.0001), and no sig-
nificant trend was seen for MMP3 (p = 0.565). In the
HBV-infected patients, as the stage of fibrosis progressed,
asignificant increasing trend was seen for GGT, INR, HA,
type IV collagen, and type IV collagen 7S (p < 0.0001), a
significant decreasing trend was seen for PLT (p <0.0001),
and no significant trend was seen for AST, ALT, T-Bil,
P3P, and MMP3 (p = 0.565) (tables 1, 2).

Relationship between Liver Fibrosis Stage, RTE Image

Features and LFI

As the stage of fibrosis progressed in the HCV-infected
patients, a significant decreasing trend was seen for
MEAN (p < 0.0001), a significant increasing trend was
seen for SD, AREA, COM, CON, and SKEW (p < 0.0001),
and no significant trend was seen for ASM, COR, ENT,
IDM, and KURT. As the stage of fibrosis progressed in
the HBV-infected patients, a significant decreasing trend
was seen for MEAN (p < 0.0001), a significant increasing
trend was seen for SD, AREA, COM, CON, and SKEW
(p < 0.0001) as well as for KURT (p = 0.001), and no sig-
nificant trend was seen for ASM, COR, ENT, and IDM.

A significant increasing trend was seen for the LFI in
both HCV- and HBV-infected patients (p < 0.0001). Mul-
tiple comparisons between stages of fibrosis revealed a
significant difference in the LFI between all stages of fi-
brosis in HCV-infected patients (F1 vs. F2, F1 vs. F3, F1
vs. F4, F2 vs. F3, F2 vs. F4, and F3 vs. F4). In HBV -infect-
ed patients, however, the only significant differences were
between F1/F4 and F2/F4 (table 3).

Comparison of the LFI between HCV and HBV
When the LFI was compared between HCV- and
HBV-infected patients at each stage of fibrosis, it was
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Q Table 1. Comparison of serological markers and pathological fibrosis diagnosis
CLEHCV p
e + valie
_F@=19) '
Serum markers
AST, IU/m} 33.0 (24.0,51.0) 46.0 (30.0, 71.0) 66.5 (45.3,111.0) 59.0 (44.0, 89.0) <0.0001 33.0 (23.0, 58.5) 51.0(21.0,138.0) 43.5 (26.3, 80.0) 36.0 (25.3, 45.8) 0.619
ALT, IU/ml 38.0 (24.0, 56.0) 51.0(29.0, 92.0) 66.5 (45.3,117.0) 52.0 (32.0, 94.0) <0.0001 34.0(19.0,110.0) 93.0(23.0,165.0) 58.5 (22.0,74.3) 31.5(17.8,46.8) 0.315
GGT, IU/ml 29.0 (19.0, 57.0) 37.0 (22.0, 65.0) 43.5 (29.0, 69.5) 43.0 (25.0, 62.0) <0.0001 26.0 (16.0, 46.5) 35.0(18.0, 40.0) 57.0 (36.0, 89.8) 42.5(26.5,120.0) <0.0001
o T-Bil, mg/dl 0.70 (0.05, 0.90) 0.70 (0.50, 0.90) 0.75 (0.60, 1.08) 0.90 (0.70, 1.45) <0.0001 0.60 (0.50, 0.85) 0.70 (0.60, 0.80) 0.70 (0.53, 0.98) 0.90 (0.60, 1.70) 0.005
E PLT 19.4 (15.3,22.2) 16.5(12.3,19.7) 12.8(9.53,16.2) 9.2 (6.6,12.7) <0.0001 204 (16.5,26.9) 18.0(15.1,19.8) 15.6 (14.3,19.8) 10.7 (7.8, 15.1) <0.0001
o, INR 0.98 (0.94, 1.02) 1.02 (0.96, 1.06) 1.07 (1.01, 1.11) 1.14 (1.08, 1.23) <0.0001 1.02 (0.99, 1.06) 1.06 (0.98, 1.10) 1.05 (0.99, 1.13) 1.10 (1.02, 1.14) <0.0001
9% HA, ng/ml 38.0(25.2,75.8) 71.0 (41.0, 115.0) 233.2 (89.0, 413.0) 314.1 (170.8, 513.3) <0.0001 26.8(19.3,45.1) 39.0 (25.0, 90.0) 87.1(34.8,148.0)  109.5(83.2,193.3) <0.0001
N Collagen type, ng/ml
iy v 116.0 (93.5, 145.5) 126.0 (96.5, 158.0) 181.0 (141.3, 232.0) 246.0 (174.0, 312.0) <0.0001 104.0 (90.0, 125.5) 124.0(79.3,155.8)  153.5(100.3,224.8) 171.0 (119.0, 193.0) <0.0001
& V7S 44(3.7,5.2) 53 (4.4, 6.1) 7.2(5.7,8.9) 8.6 (7.0, 11.0) <0.0001 4.0 (3.5,4.9) 44(3.8,54) 5.7 (4.2,6.7) 5.8(5.0,7.1) <0.0001
X P3P, U/ml 0.79 (0.66, 0.90) 0.80 (0.71, 1.00) 1.05 (0.83, 1.30) 1.10 (0.90, 1.30) <0.0001 0.58 (0.50, 0.70) 0.84 (0.65, 0.94) 0.63 (0.48,0.81) 0.63 (0.51, 0.77) 0.201
é MMP3, ng/ml  37.7 (25.6, 58.1) 34.3(27.0, 50.4) 40.2 (24.6,52.7) 39.0 (32.5,55.9) 0.565 36.7 (21.2, 46.0) 51.3 (28.0, 64.1) 62.9 (37.7,80.7) 41.1(28.5,51.1) 0.152
% Values are presented as median (first quartile, third quartile). The p values were calculated with the Jonckheere-Terpstra trend test.
é’
5
Table 2. Comparison of serological markers and etiology
< -
9 s P
o ; D P T ivalue
o3 "HCV.(n=179) . HBV.(n=69) h
I
- Serum markers
AST, 1U/ml 33.0 (24.0, 51.0) 33.0 (23.0,58.5) 0.941  46.0(30.0,71.0) 51.0(21.0, 138.0) 0.767  66.5(45.3,111.0) 43.5 (26.3, 80.0) 0.049  59.0 (44.0, 89.0) 36.0 (25.3, 45.8) 0.000
ALT, 1U/ml 38.0 (24.0, 56.0) 34.0 (19.0, 110.0) 0.776  51.0(29.0, 92.0) 93.0 (23.0, 165.0) 0.497  66.5(45.3,117.0) 58.5(22.0,74.3) 0202 52.0(32.0,94.0) 31.5(17.8, 46.8) 0.000
GGT, IU/ml  29.0(19.0,57.0)  26.0 (16.0, 46.5) 0.110  37.0(22.0,65.0)  35.0 (18.0, 40.0) 0431  43.5(29.0,69.5) 57.0 (36.0, 89.8) 0263  43.0(25.0,62.0) 42.5(26.5,120.0)  0.394
T-Bil,mg/dl  0.70 (0.05,0.90)  0.60 (0.50, 0.85) 0.694 070 (0.50,0.90)  0.70 (0.60, 0.80) 0991  0.75 (0.60, 1.08) 0.70 (0.53, 0.98) 0.891  0.90 (0.70, 1.45) 0.90 (0.60, 1.70) 0.832
PLT 19.4(15.3,22.2) 204 (16.5,26.9) 0030 16.5(123,197) 180 (15.1,19.8) 0380  12.8(9.53,16.2) 15.6 (14.3,19.8) 0056  9.2(6.6,12.7) 10.7(7.8,15.1) 0.078
INR 0.98(0.94,1.02)  1.02(0.99, 1.06) 0.000  1.02(0.96,1.06)  1.06 (0.98,1.10) 0108  1.07(1.01, 1.11) 1.05 (0.9, 1.13) 0741  1.14(1.08, 1.23) 1.10 (1.02, 1.14) 0.018
HA, ng/ml 38.0(25.2,75.8) 26.8 (19.3,45.1) 0.002  71.0(41.0,115.0)  39.0 (25.0, 90.0) 0.091 233.2(89.0,413.0) 87.1(34.8, 148.0) 0.016 314.1(170.8,513.3) 109.5(83.2,193.3) 0.000
Collagen type, ng/ml
v 116.0 (93.5,145.5) 104.0 (90.0, 125.5) 0.136  126.0(96.5,158.0) 124.0(79.3, 155.8) 0.879 181.0(141.3,232.0) 153.5(100.3,224.8)  0.331 246.0 (174.0,312.0) 171.0(119.0, 193.0) 0.002
IV 7S 4.4(3.7,5.2) 4.0(3.5,4.9) 0.035 5.3 (44,6.1) 4.4(3.8,5.4) 0.123 7.2(5.7,8.9) 5.7 (4.2,6.7) 0.020 8.6(7.0,11.0) 5.8(5.0,7.1) 0.000
P3P, U/ml 0.79 (0.66,0.90)  0.58 (0.50, 0.70) 0.000  0.80(0.71,1.00)  0.84 (0.65,0.94) 0.698  1.05(0.83, 1.30) 0.63 (0.48, 0.81) 0.001  1.10(0.90, 1.30) 0.63(0.51,0.77) 0.000
MMP3, ng/ml  37.7 (25.6, 58.1) 36.7 (21.2, 46.0) 0.217  34.3(27.0,50.4) 51.3 (28.0, 64.1) 0.177  40.2 (24.6,52.7) 62.9 (37.7, 80.7) 0.030  39.0(32.5,55.9) 41.1(28.5,51.1) 0.542

Values are presented as median (first quartile, third quartile). The p values were calculated with the Mann-Whitney U test.




