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Abstract

Objective: Although liver 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 (LFl), 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 LFl was higher in patients with chronic hepatitis
C (CHQ) 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, includinglocal 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 the liver, 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 LF 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,
asignificantincreasing 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

Asthe stage offibrosis 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

Oncology 2014;87(suppl 1):63-72 65
DOI: 10.1159/000368147

~134-

/BIZ015 1:49:35 Al



99

+107 480j0ouQ

£:

L¥189€000/6ST1°0T ‘I0Q

TL-€9:(1 1ddns) /g

—Sel—

Te1s epegx

Downtoaded by
Csala Univeraily
1331851181 - U82015 14935 Al

Table 1, Comparison of serological markers and pathological fibrosis diagnosis

HCV /. k p HBV p
S Fl(n=179) . Rn= : F4(n=75) - F1(n=69) ‘B2(n=12) F3(n=16). P4 (n=31)

Serum markers .
AST, IU/ml 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
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
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
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
HA, ng/mi 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
Collagen type, ng/ml

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) 5.3 (4.4,6.1) 7.2(5.7,8.9) 8.6(7.0,11.0) <0.0001 4.0(3.5,49) 44(3.8,54) 5.7 (4.2,6.7) 5.8(5.0,7.1) <0.0001
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
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.
Table 2. Comparison of serological markers and etiology

~, b p P , ; p.F4 P
e T value  r e == value value
 HBV.(m=12) o HCV(n=62) “HBV (n=16) g HCV (n'=75) "HBV (n=31) h

Serum markers
AST, IU/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, IU/ml 380 (24.0,56.0)  34.0(19.0,1100) 0776 51.0(29.0,92.0) 93.0(23.0,165.0) 0497  66.5(453,117.0)  58.5 (22.0, 74.3) 0202 52.0 (32.0, 94.0) 315 (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) 0.431  43.5(29.0,69.5) 57.0 (36.0, 89.8) 0.263  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  0.70 (0.50,0.90)  0.70 (0.60, 0.80) 0.991  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 194 (15.3,22.2) 204 (16.5,26.9) 0.036  16.5(12.3,19.7) 18.0 (15.1,19.8) 0.380  12.8(9.53,16.2) 15.6 (14.3, 19.8) 0.056 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 (0.99, 1.13) 0741  1.14(1.08, 1.23) 1.10 (1.02, 1.14) 0.018
HA, ng/m} 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 (0.0, 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

v7s 44 (3.7,5.2) 4,0 (3.5,4.9) 0.035 53 (4.4,6.1) 44(3.8,54) 0.123 7.2(5.7,89) 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 377 (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,
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Table 3. Relationship between liver fibrosis stage, RTE image features and LFI

i 2(n=98) F2(n=12) 3 (n=16) F4 (n=31)

RTE features .
MEAN 113.9(107.2,119.9)  109.6(102.2,115.1)  103.0(94.8, 111.6) 93.4 (82.5, 105.0) <0.0001 117.8 (107.4, 122.3) 119.0(112.7,121.8)  108.6(103.1,116.5)  101.4(87.7, 109.7) <0.0001
SD 52.3 (45.9, 58.7) 57.3 (50.6, 60.7) 59.6 (54.7, 63.4) 60.9 (57.6, 63.9) <0.0001 49.1 (44.6, 56.9) 50.6 (44.6,54.2) 57.3 (52.2,61.5) 63.4(56.9, 65.1) <0.0001
AREA 14.2 (7.6,20.8) 19.1(11.8,27.2) 25.2 (163, 33.7) 34.5(22.5,44.2) <0.0001 11.2(6.2,19.2) 11.3(6.2,16.2) 20.6 (13.5,27.7) 29.0(19.8,39.2) <0.0001
COM 20.3 (18.5, 24.1) 22.8(19.8,26.2) 25.2(21.3,29.9) 31.3 (24.6,40.2) <0.0001 20.1 (18.5,25.8) 20.7 (19.6,21.8) 24.5(21.3,30.2) 28.9(23.6, 34.5) <0.0001
ASM 0.00025 0.00020 0.000212 0.000294 0.983  0.000209 0.000196 0.000177 0.000213 0.159

(0.00019, 0.00035) (0.00017, 0.00032) (0.000178, 0.000315) (0.000190, 0.000453) (0.000183, 0.000268)  (0.000170, 0.000220) (0.000175, 0.000188) (0.000177, 0.000285)

CON 229.6(173.4,268.6)  250.0(206.9,309.0)  261.2(213.5,324.0)  266.7 (233.8, 320.7) <0.0001 221.7 (18.08, 285.2) 239.1(198.4,283.7) 272.2(250.7,279.0)  294.1 (249.1, 372.2) <0.0001
COR 0.958 (0.947, 0.965)  0.958 (0.950,0.966)  0.957 (0.950,0.967)  0.962(0.951, 0.966) 0.117  0.953 (0.944, 0.959) 0.946 (0.943,0.955)  0.956 (0.947,0.961)  0.954 (0.945, 0.968) 0.139
ENT 3.83 (3.76, 3.87) 3.85(3.80, 3.89) 3.86 (3.81,3.89) 3.84 (3.76, 3.88) 0.052  3.81(3.74, 3.86) 3.80(3.77,3.86) 3.86 (3.84, 3.88) 3.84(3.80, 3.89) 0.024
IDM 0.110 (0.095, 0.122 0.101(0.091,0.117)  0.096 (0.091,0.118)  0.108 (0.093, 0.122) 0.154  0.100 (0.091, 0.111) 0.092 (0.088,0.100)  0.092 (0.089,0.095)  0.100 (0.087, 0.106) 0.147
SKEW 0.199 (0.071,0.300)  0.253(0.122,0.361)  0.332(0.178,0.461)  0.429(0.321,0.679) <0.0001 0.116 (-0.517,0.260)  0.124 (0.025,0.219)  0.236(0.178,0.289)  0.376 (0.213, 0.540) <0.0001
KURT 2.38(2.24,2.57) 2.34(2.22,2.48) 2.29 (220, 2.40) 2.34(2.23,2.64) 0.334  2.49(2.31, 2.68) 248 (2.31,2.63) 2.33(2.29,243) 2.33(2.19, 2.47) 0.001

LFI 1.81 (1.41, 2.22) 2.10 (1.67, 2.56) 2.47 (1.97, 2.88) 2.97 (2.41, 3.45) <0.0001 1.52(1.16, 2.06) 1.61 (1.31,1.84) 2.16 (1.66,2.58) 2.66 (2.15,3.13) <0.0001
Values are presented as median (first quartile, third quartile). The p values were calculated with the Jonckheere-Terpstra trend test.

Table 4. Relationship between etiology, RTE image features and LFI

U e ‘ s valle | T e gl e — e - value = value
. HCV(n=179) ~ HBV(n=69) - HCV(n=98) “/HBV (n=12) HCV(n=62) - HBV(n=16) HCV (n=75) HBV (n=31)

RTE features
MEAN 113.9(107.2,119.9) 117.8(1074, 122.3) 0012 109.6(102.2,115.1) 119.0(112.7,121.8) 0.003 103.0(94.8,111.6) 108.6(103.1,116.5) 0.033 93.4 (82.5,105.0) 101.4 (87.7,109.7) 0.057
SD 52.3 (45.9, 58.7) 49.1 (44.6, 56.9) 0.091 57.3(50.6, 60.7) 50.6 (44.6,54.2) 0.006  59.6 (54.7,63.4) 57.3(52.2,61.5) 0.162  60.9 (57.6,63.9) 63.4(56.9, 65.1) 0.395
AREA  14.2(7.6,20.8) 11.2(6.2,19.2) 0121 19.1(11.8,27.2) 11.3(6.2,16.2) 0.010 25.2(16.3,33.7) 20.6 (13.5,27.7) 0.055 34.5(22.5,44.2) 29.0 (19.8, 39.2) 0.109
COM 203 (18.5,24.1) 20.1(18.5,25.8) 0985 22.8(19.8,26.2) 20.7 (19.6,21.8) 0.114  25.2(21.3,29.9) 24,5 (21.3,30.2) 0.757 31.3 (24.6,40.2) 28.9(23.6, 34.5) 0.186
ASM  0.00025 (0.00019,  0.000209 (0.000183,  0.008 0.00020 (0.00017,  0.000196 (0.000170, 0.242  0.000212 (0.000178, 0.000177 (0.000175, 0.006 0.000294 (0.000190, 0.000213 (0.000177, 0.027

0.00035) 0.000268) 0.00032) 0.000220) 0.000315) 0.000188) 0.000453) 0.000285)

CON  229.6(173.4,268.6) 221.7(18.08,285.2) 0484 250.0(206.9,305.0) 239.1(198.4,283.7) 0.673 261.2(213.5,324.0) 272.2(250.7,279.0) 0488 266.7 (233.8,320.7) 294.1 (249.1,372.2)  0.117
COR  0.958(0.947,0.965) 0.953 (0.944,0.959)  0.003 0.958 (0.950, 0.966) 0.946 (0.943,0.955)  0.004 0.957 (0.950, 0.967) 0.956 (0.947,0.961)  0.245 0.962 (0.951,0.966)  0.954 (0.945, 0.968)  0.534
ENT  3.83(3.76,3.87) 3.81 (3.74, 3.86) 0.238 3.85(3.80, 3.89) 3.80(3.77, 3.86) 0.153  3.86(3.81,3.89) 3.86 (3.84, 3.88) 0.990 3.84 (3.76, 3.88) 3.84(3.80, 3.89) 0.629
IDM  0.110(0.095,0.122) 0.100(0.091,0.111)  0.002 0.101(0.091, 0.117) 0.092(0.088,0.100)  0.071  0.096 (0.091, 0.118) 0.092 (0.089,0.095)  0.026 0.108 (0.093,0.122)  0.100 (0.087,0.106)  0.019
SKEW  0.199(0.071,0.300) 0.116(-0.517,0.260) 0.015 0.253(0.122,0.361) 0.124(0.025,0.219)  0.039 0.332(0.178,0.461) 0.236(0.178,0.289)  0.065 0.429 (0.321,0.679)  0.376 (0.213,0.540)  0.083
KURT 2.38(2.24,2.57) 2.49 (2.31,2.68) 0.005 2.34(2.22,2.48) 2.48 (2.31,2.63) 0.034  229(2.20, 2.40) 2.33(2.29,243) 0.158  2.34(2.23, 2.64) 2.33(2.19,247) 0.200

LFI 1.81 (1.41,2.22) 1.52 (1.16, 2.06) 0.029 2.10(1.67,2.56) 1.61(1.31, 1.84) 0.010 247 (1.97,2.88) 2.16 (1.66, 2.58) 0.051 2.97 (2.41, 3.45) 2.66(2.15,3.13) 0.042

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




Table 5. Diagnostic performance of the

LFI for liver fibrosis assessment HCV HBV

F4 >F3 >F2 F4 >F3 >F2
AUROC 0.803 0.774 0.73 0.821 0.806 0.744
Cutoff 2.45 2.42 2.31 2.07 1.94 1.91
Positive predictive value 37.8 58.2 58.7 80.6 78.7 66.1
Negative predictive value ~ 92.9 81.6 79.9 71.1 75.3 72.5
Intensity 74.7 65 79.3 47.2 64.9 67.2
Specificity 72.9 76.9 59.6 92 85.9 71.4
Accuracy 73.2 72.2 67.9 734 76.6 69.5

found to be significantly higher in HCV-infected patients
atstages F1,F2,and F4 (F1: HCV =181, HBV = 1.52,p =
0.029; F2: HCV = 2.10, HBV = 1.61, p = 0.010; F4
HCV =2.97, HBV =2.66, p = 0.042) and marginally high-
er in HCV-infected patients at stage F3 (HCV = 2.47,
HBV =2.16, p = 0.051) (table 4).

AUROC Analysis

The LFI cutoff values for each stage of fibrosis were
calculated by AUROC analysis to evaluate the diagnostic
performance of the LFI for liver fibrosis assessment. In
HCV-infected patients, the diagnostic accuracy was 73.2
at F4, 72.2 at 2F3, and 67.9 at 2F2. In HBV-infected pa-
tients, the diagnostic accuracy was 73.4 at F4, 76.6 at >F3,
and 69.5 at >2F2 (table 5).

Data Mining Analysis

The LFIis the numerical value calculated from HCV.
Therefore, by using the LFI and the serological findings
for HCV as well as the 11 feature values of RTE and the
serological findings for HBV, the decision tree was cal-
culated. The HCV decision tree, which comprises LFI,
AST, ALT, GGT, T-Bil, PLT, HA, and type IV collagen,
had a diagnostic accuracy of 94.4% for F1, 54.1% for F2,
38.7% for F3, and 81.3% for F4. The HBV decision tree,
which comprises COM, CON, IDM, ALT, PLT, INR,
and HA, had a diagnostic accuracy of 97.1% for FI,
50.0% for F2, 43.8% for F3, and 80.6% for F4 (fig. 1;
table 6).

Discussion

The LFI, which is a multiple regression equation for
assessing liver fibrosis using liver fibrosis estimates from
biopsy and RTE image feature values obtained from pa-
tients with CHC or cirrhosis, is widely used as the pri-

68 Oncology 2014;87(suppl 1):63-72
DOI: 10.1159/000368147

mary diagnostic technique with RTE as it can easily be
measured with RTE diagnostic equipment. However, few
studies have examined differences in RTE images or the
LFI due to differences in etiology, and the usefulness of
the LFI for etiologies other than HCV has not been suf-
ficiently discussed. In this study, we found that the LFI
was significantly higher in HCV- than in HBV-infected
patients with the same stage of fibrosis. This was likely
influenced by differences in how fibrosis progresses in
these etiologies. Specifically, HCV-infected patients de-
velop micronodular cirrhosis, whereas HBV-infected pa-
tients develop macronodular cirrhosis. However, in cri-
teria for evaluating pathological fibrosis in viral liver dis-
eases (e.g., the new Inuyama classification), the stage of
fibrosis is based on the area where fibrosis develops rath-
er than the amount of fibrosis present. In essence, the
amount of fibrosis per unit of area would be higher in
HCV- than in HBV-infected patients with the same stage
of fibrosis because the progression of HCV-related fibro-
sis is micronodular, thereby making the LFI higher as
well. When using the LFI, the etiology of the patient must
be confirmed before assessing the fibrosis stage.
Although evaluation using AUROC yields a some-
what high diagnostic accuracy for liver fibrosis assess-
ment by the LFI, the stage of fibrosis when using LFI
alone in clinical practice is often not exactly clear due
to the large amount of overlap in the LFI between stag-
es. Whereas AUROC can be used only to evaluate the
diagnostic performance of assessment between two
choices, namely 2F2/F1, 2F3/<F2 or F4/<F3, the deci-
sion tree can assess the exact stage of fibrosis (i.e., F1,
F2, F3 or F4). Furthermore, the decision tree construct-
ed in this study can be used to determine the specific
stage of liver fibrosis based on etiology, serological find-
ings, and RTE findings with very high diagnostic accu-
racy of each fibrosis stage, suggesting its utility in clini-
cal practice as well. However, the sample size in the F2
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Fig. 1. Data mining for the diagnosis of the
fibrosis stage in chronic viral hepatitis: fi-
brosis diagnosis of CHC (a) and CHB (b).
Each bar graph shows the percentage of
cases. The pale blue, red, blue, and green
bars represent F1, F2, F3, and F4 fibrosis
stage, respectively (colors refer to the on-
line version only). T_Bil = Total bilirubin;

== 12.800

o
S
©
o
-
A

Color version available online

Collagen4 = type IV collagen.
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Table 6. Diagnostic performance of data mining with both ultrasound elastography and serological findings

Data mining diagnosis:

HCV i HBV

FL F2 F3 F4 - F1 F2 F3 F4
Pathological diagnosis
F1 169 (94.4) 8 (4.5) 0 2(1.1) 67(97.1) 0 0 2(2.9)
F2 42 (429) 53 (54.1) 1(1.0) 2 (2.0 5(41.7) 6(50) 0 1(8.3)
F3 10(16.1)  10(16.1)  24(38.7)  18(29.0) 6(37.5) 0 7(438)  3(18.8)
F4 3 (4.0) 6 (8.0) 5(6.7) 61 (81.3) 5(16.1) 0 1 (3.2) 25 (80.6)

Values are presented as n (%).

or F3 stage is too small both in HCV and HBV, which
seems to be the reason of low accuracy of the F2 and F3
fibrosis stage.

In this study, we used the gold standard method of as-
sessing liver fibrosis stage with samples obtained by liver
biopsy, but, as mentioned previously, sampling error is
more likely with an assessment by liver biopsy than with
an assessment of hepatectomy specimens. Therefore, to
construct a more accurate decision tree, it would be ideal
to make the pathological diagnosis based on the hepatec-
tomy specimens. Furthermore, it is also necessary to try
to eliminate discrepancies in assessment between readers,
for example, by adding computer-aided pathological di-
agnosis. In light of these issues, further research must be
conducted to enable ultrasound elastography to be used
as a tool for obtaining a more accurate diagnosis in clini-
cal practice.
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Abstract

Background Splenectomy is a therapy for thrombo-
cytopenia caused by hypersplenism with liver cirrhosis.
However, the determinant of therapeutic outcomes for this
complication has not yet been fully clarified.

Methods We studied the laboratory findings of 55 patients
who underwent splenectomy for hypersplenism with liver
cirrhosis. In addition, we examined the histopathological
findings of hepatosplenic tissues of nine patients who under-
went hepatectomy for hepatocellular carcinoma and
splenectomy for hypersplenism with liver cirrhosis on one
stage surgery. The locations of platelets in hepatosplenic
tissues were identified by immunohistochemistry. We used
monoclonal antibody against CD41.

Results Among 55 patients, 40 patients had high serum
alanine aminotransferase (ALT) level (238 IU/). Blood
platelet count after splenectomy of patients with high serum
ALT level were significantly lower than those of patients
with low serum ALT level (P = 0.02). Histopathologically,

R. Kondo (24) - J. Akiba - Y. Nomura - H. Yano

Department of Pathology, Kurume University School of Medicine,
67 Asahi-machi, Kurume, Fukuoka 830-0011, Japan

e-mail: kondou_reiichirou @kurume-u.ac.jp

R. Kondo - M. Kage
Cancer Center, Kurume University Hospital,
Kurume, Fukuoka, Japan

R. Kondo - M. Kage - Y. Nomura
Department of Diagnostic Pathology, Kurume University Hospital,
Kurume, Fukuoka, Japan

T. Ogata
Department of Surgery, Kurume University School of Medicine,
Kurume, Fukuoka, Japan

O. Nakashima
Department of Clinical Laboratory Medicine, Kurume University
Hospital, Kurume, Fukuoka, Japan

platelet area of the liver tissues was positively correlated
with hepatic inflammation (P = 0.02). Platelet area of the
liver tissues was negatively correlated with blood platelet
count after splenectomy (P = 0.03).

Conclusions Hepatic inflammation contributes to the accu-
mulation of platelets in liver; therefore, in patients with high
serum ALT level, improvement of thrombocytopenia by the
elimination of hypersplenism was limited. ‘

Keywords Alanine aminotransferase - Hepatitis C -
Hypersplenism - Immunohistochemical analysis -
Platelet

Introduction

Cirrhosis is a major cause of morbidity and mortality in
many countries, and it results in liver failure, portal hyper-
tension, and increased risk of carcinogenesis. In chronic
hepatitis, the blood platelet decreased gradually to be
reflected in the liver fibrosis. Thrombocytopenia is a marked
feature of liver cirrhosis. Thrombocytopenia is of great rel-
evance in the management of liver cirrhosis because of the
widespread use of myelodepressant drugs such as interferon
or antineoplastic agents. However, there is no standard
therapy for this complication.

-The role of platelets in the pathogenesis of liver damage
and exact mechanisms leading to thrombocytopenia in liver
cirrhosis has not yet been fully clarified. The platelet kinet-
ics of patients with chronic liver disease are not well char-
acterized. The mechanisms leading to thrombocytopenia
with liver cirrhosis are most likely multifactorial processes
combining increased splenic platelet breakdown [1-3],
splenic pooling [4, 5], and the inability of the bone marrow
to increase platelet production adequately [6].

In a recent study, we reported that the accumulation of
platelets in the liver may be an important contributory factor
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to thrombocytopenia in chronic hepatitis C [7]. Platelets in
non-cancerous liver tissues of patients with chronic hepatitis
or cirrhosis were seen predominantly in the sinusoidal space
of the periportal area with inflammation. As viewed through
an electron microscope, the platelets were aggregated in the
sinusoids and adhered to the sinusoidal endothelial cells.
Platelets may accumulate in the sinusoidal space under
thombocytotic conditions in chronic hepatitis C brought
about by the activated hepatic reticuloendothelial system
caused by inflammation [7].

Splenectomy [8, 9] and partial splenic arterial
embolization [10] are therapies for thrombocytopenia
caused by hypersplenism with liver cirrhosis. The elimina-
tion of hypersplenism by splenectomy or partial splenic
arterial embolization improves thrombocytopenia. The
spleen and chronic liver disease are closely related. In this
study, we evaluated the efficacy and determinant of thera-
peutic outcomes of splenectomy in the treatment of
thrombocytopenia caused by hypersplenism with liver cir-
rhosis and investigated the interaction among the liver,
spleen, and blood platelets in patients with liver cirrhosis.

Methods
Materials

We studied the laboratory findings of 55 patients who under-
went splenectomy for thrombocytopenia caused by
hypersplenism with hepatitis C viral infection associated
liver cirrhosis at Kurume University Hospital between
January 2005 and December 2012. There were 30 men and
25 women. The mean age was 60 * 8 years (range, 42 to 77
years). In addition, we examined the histopathological find-
ings of hepatosplenic tissues of nine patients with hepatitis
C viral infection associated liver cirrhosis who underwent
hepatectomy for hepatocellular carcinoma and splenectomy
for hypersplenism on one stage surgery at Kurume Univer-
sity Hospital between January 1999 and December 2007.
There were three men and six women. The mean age of
patients was 59+ 9 years (range, 41 to 70 years). Five
specimens of liver tissue and nine specimens of splenic
tissue without chronic hepatitis or thrombocytopenia that
were obtained during surgery were used as normal control
tissues.

Splenectomy was generally performed in hypersplenic
patients with thrombocytopenia (platelet count < 6 x 10%
mm?®) or leukopenia (white blood cell count <3000 /ul). All
patients did not receive myelodepressant drugs or preopera-
tive anticancer therapies and there were no postoperative
complications such as severe infection.

This study was performed with informed consent
obtained from patients for the use of their laboratory data,

liver tissues and splenic tissues in the investigation and was
approved by the Ethical Committee at Kurume University,
the approved ID number: 11 200.

Laboratory study

Blood samples of all patients were collected from a periph-
eral vein of the extremities before surgery and 3 months
after. We estimated blood cell count, serum alanine
aminotransferase (ALT) level, serum total bilirubin level,
serum albumin level, and prothrombin time.

Histopathology

Non-cancerous liver tissues and splenic tissues from nine
patients who underwent hepatectomy and splenectomy on
one stage surgery were obtained during surgery. Each tissue,
fixed with 10% formalin embedded in paraffin, and cut into
5-um sections, was used for histological and immuno-
histochemical analyses. Specimens were stained with
hematoxylin and eosin and examined under a light
microscope.

The histologic liver damage of these specimens was
evaluated for fibrosis and inflammation according to the
classification proposed by the International Association for
the Study of the Liver [11, 12]. The severity of fibrosis was
classified as none: stage 0, portal fibrosis: stage 1, periportal
fibrosis: stage 2, bridging fibrosis with lobar distortion:
stage 3, and cirrhosis: stage 4. The inflammatory activity
was classified as none: grade 0, minimal: grade 1, mild:
grade 2, moderate: grade 3, or severe: grade 4. Histopa-
thological diagnosis was performed by three pathologists
(RK, ON and MK).

Immunohistochemical analysis

An immunohistochemical study was performed using the
streptavidin-biotin method. We used monoclonal antibody
against CD41 (1:500, Beckman Coulter, Brea, CA, USA). 3,
3’-diaminobenzidine (DAB) was used as the chromogen in
the immunostaining. CD41 (o II b integrin) is a specific
marker for platelets [13]. Among CD4l1-positive cells,
those without nuclei were evaluated as platelets and those
with large, irregular shaped nuclei were evaluated as
megakaryocytes.

Measurement of cells

The platelet area was measured using a WinROOF software
package (version 6.1, Mitani Corporation, Fukui, Japan). In
liver tissues, the platelet area was measured in five
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Table 1 Clinical features of 55 patients with splenectomy

Before splenectomy 3 months after splenectomy P-value

Blood white cell count (/ul)* 2,960 * 1,236 (1,100--8,200) 4,965 £ 1,859 (2,400-11,100) <0.01
Blood red cell count (/ul)* 393 £+ 51 (306-520) 387 £ 49 (288--503) 0.56
Blood platelet count (x10%/mm?)* 44+1.501.4-7.7) 17.5+7.6 (6.1-47.4) <0.01
ALT Uiy 55+24 (18-157) 42+16 (15-91) <0.01
T. bil (mg/d])* 1.4+0.7 (0.5-4.8) 1.1£0.5(0.4-2.9) <0.01
PT (%)* 72+ 12 (49-94) 66 + 15 (36-96) 0.04
Alb (grd1y* 3.5+04 (2.44.5) 3505 (2.34.6) 0.77
Alb serum albumin level, ALT serum alanine aminotransferase level, P7 prothrombin percentage activity, 7.bil serum total bilirubin level
*Mean + SD (range)
Table 2 Comparison of preoperative patient characteristics based on therapeutic effect of splenectomy

Limited response group Response group P-value

(n=130) (n=125)
Gender (male / female) 16/ 14 9/16 0.2
Age (years)® 618 60+8 0.97
Blood white cell count (/ul)® 3,067 £ 1,396 2,832 +1,026 0.49
Blood red cell count (/ul)* 378 £40 412 +£58 0.01
Blood platelet count (x10*/mm?*)?* 43+£1.6 45+14 0.73
ALT qQU/M) (< 38/ = 38) 5725 10715 0.05
T. bil (mg/dl)" 1.4£09 1.3+05 0.61
PT (%)* 75+9 68+13 0.04
Alb (g/dly? 34+04 3.6+04 0.06

Alb serum albumin level, ALT serum alanine aminotransferase level, PT prothrombin percentage activity, 7.bil serum total bilirubin level

*Mean * SD (range)

periportal and five lobule areas randomly selected. In
splenic tissues, five visual fields in the red pulp were ran-
domly selected.

Statistical analysis

All data are expressed as the mean tstandard deviation
(SD). Quartile value was determined for the measured vari-
ables. Comparisons between two groups of patients, those
based on blood platelet count after splenectomy, were per-
formed using the Mann—Whitney U-test for continuous vari-
ables, and %’ test for discrete variables. Only variables that
demonstrated a P-value of under 0.05 in the univariate
analysis were entered into a multiple logistic regression
model to identify factors associated with blood platelet
count after splenectomy. Pearson correlation coefficients
were calculated to examine the association of blood platelet
count after splenectomy and preoperative serum ALT level.
P-values less than 0.05 were considered to indicate signifi-
cance. Statistical analysis was performed using a JMP soft-
ware package (Release 11.0, SAS Institute, Cary, NC,
USA).

Results

Laboratory findings of 55 patients who
underwent splenectomy

Summary of laboratory findings of 55 cirrhotic patients who
underwent splenectomy are shown in Table 1. Blood platelet
count, blood white cell count and serum total bilirubin level
significantly improved 3 months after splenectomy. The
mean value of blood platelet count 3 months after
splenectomy was 17.5 X 10%/mm’. The mean value and
quartile value of serum ALT level before splenectomy were
55 TU/1 and 37 IU/l, respectively. The Response group, in
which the blood platelet counts 3 months after splenectomy
were over 17.5 x 10*/mm?®, was 25 patients and the Limited
response group, in which the blood platelet count 3 months
after splenectomy was under 17.5 X 10%mm?, was 30
patients. The preoperative characteristics of the two-patient
response group are shown in Table 2. There was significant
difference of blood red cell count, serum ALT level, and
prothrombin time between the Response group and Limited
response group.
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