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Abstract

AIM:To evaluate the method of noninvasive transient
elastography for assessment of histological stage of liver
fibrosis in patients with chronic hepatitis C (CHC).

METHODS: Two hundred and thirty-seven patients
with CHC were included in this study. Liver biopsy
was performed under ultrasonography on 217 of the
patients, excluding twenty with clear clinical evidence
of liver cirrhosis. Fifty subjects without liver disease
were enrolled as a control group (stage 0). Twenty-
five patients with sustained virological response (SVR)
to interferon (IFN) therapy were also enrolled. These
patients underwent liver biopsy before IFN therapy.
Examination of liver stiffness (LS) was performed by
elastography.

RESULTS: Medians (50% levels) of LS were 4.1 (3.5-4.9),
6.3 (4.8-8.5), 8.8 (6.8-12.0), 14.6 (10.5-18.6), and 22.2
(15.4-28.0), respectively, in the fibrosis stages 0-4 (P <
0.001). LS was significantly correlated with four serum
fibrosis markers. LS values in patients with SVR were 3.8
(3.5-5.6), 5.2 (4.4-6.8), 6.8 (6.1-7.6), and 6.1 (3.6-7.9),
respectively, in the fibrosis stages 1-4. In all stages, LS
for patients with SVR was significantly lower than that
for patients who did not undergo IFN therapy. LS was
significantly correlated with serum concentrations of
hyaluronic acid, type IV collagen, type IV collagen 7S,
and type III procollagen N peptide.

CONCLUSION: LS correlated well with the histological
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stage of fibrosis. Changes in liver fibrosis stage may thus
be estimated noninvasively using transient elastography.
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INTRODUCTION

Hepatic fibrosis deeply involves in the advance of stage
of chronic hepatitis C (CHC), eventually leading to liver
cirrhosis. In addition, the incidence of hepatocellular
carcinoma (HCC) increases as the stage of fibrosis
associated with CHC progressesm. It has been reported
that patients with CHC with low-stage fibrosis respond
better to interferon (IFN) therapy than those with
higher-stage fibrosis'™. Accordingly, evaluation of the
stage of liver fibrosis is important when treating CHC.
Although liver biopsy has been considered a gold standard
for evaluation of liver fibrosis stage, it is invasive,
stressful and is sometimes refused by patients or causes
complications. In addition, liver biopsy can have life-
threatening complicationsp'sl. For these reasons, it is not
possible to perform liver biopsy for all patients with
CHC. Furthermore, the tissue samples obtained by needle
biopsy are sometimes inadequate in quantity for accurate
diagnosis[(””. Ratings based on examination of the liver
tissue specimens may vary even among the specialists
in pathologym. In addition, staging of fibrosis based on
liver tissue specimens allows only step-wise evaluation
(rather than as a continuous variable). While several
serum markers (hyaluronic acid, type IV collagen, type
IV collagen 7S, and P-II-P) are known to be useful for
quantitative evaluation of the liver fibrosis, and are utilized
for indirect testing using serum samplesl()'m.

In general, liver stiffness (LS) increases as liver fibrosis
progressesm]. The FibroScan 502 (FS, EchoSens, Patis,
France) for transient elastography is a new modality
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developed for noninvasive evaluation of liver stiffness
based on the following principle. Waves including elastic
shear waves are emitted from the vibrator attached to
the ultrasound transducer probe. Pulse-echo ultrasound
acquisitions follow the shear waves, and the velocity of
such waves through the liver can be determined. LS is
calculated from the shear wave velocity using Young's
modulus. Use of transient vibration presents several
advantages. First, the transmitted elastic waves can be
temporally separated from reflected elastic waves. Second,
the acquisition time is short, enabling measurements to
be made on moving organs. Transient elastography is thus
well adapted to the study of the liver.

We examined the relationships between the liver
fibrosis of patients with CHC and LS determined by FS as
well as serum markers of fibrosis.

MATERIALS AND METHODS

Patients

For initial examination, 237 subjects with CHC managed
as patients at the Osaka City University Hospital were
enrolled. Of these patients, 214 underwent liver biopsy
under ultrasonic guidance. All the 237 patients satisfied
the following criteria: (1) they were HCV RNA-positive,
(2) free of ascites, and (3) liver disease due to HBV or
alcohol could be ruled out for them. The control group
(n = 50) was composed of 30 healthy volunteers and 20
patients without hepatic diseases. The mean age was lower
in the control group than in any group of patients with
CHC (Table 1). The liver biopsy was carried out using a
15-gauge needle biopsy apparatus (Hakko Inc., Tokyo,
Japan). The specimens wete fixed, paraffin-embedded, and
stained with hematoxylin and cosin (H&E). Histological
evaluation of the liver specimens was performed by two
senior pathologists specialized in liver pathology. Stage of
fibrosis and grade of activity in the liver were estimated
according to the classification of Desmet e/ al'¥. The
interval between the liver biopsy and FS measurement
ranged from 0 d (on the same day) to 6 mo. The stage of
fibrosis in the control group was rated stage 0. Patients
clinically diagnosed with liver cirrhosis on the basis of
diagnostic imagings (including computed tomography and

ultrasonography) and hematological tests (although liver
biopsy had not been performed) were also included in the
analysis as stage 4 patients. These patients were included
since, if analysis had been confined to the patients who
had undergone liver biopsy, results might have been
biased, because the liver biopsy is seldom performed in
patients with liver cirrhosis (since IFN therapy is not
indicated for these patients) and is not possible in cirrhotic
patients with thrombocytopenia. Furthermore, 25 patients
with CHC exhibiting sustained viral response (both
disappearance of serum HCV RNA and normalization
of alanine aminotransferase in response to previous
IFN therapy) were also included for the next stage of
analysis. These 25 patients had undergone liver biopsy
and histological evaluation of the liver tissue before IFN
therapy (Table 2). The study protocol accorded with the
Helsinki Declaration. Patients were enrolled after provision
of informed consent.

Table 1 Characteristics of patients without SVR

Stage 0 1 2 3 4 P
n 50 113 68 18 38
Age (yr) 462+179 55.9+12.8 59.7 £9.9 57.2+11.6 65.0 +10.2< 0.001
M/F 25/25 54/59 19/49  7/11 21/17  0.031
HCV serotype

1 48 34 7 17

2 23 12 1 3

ND 42 22 10 18 NS
Histological
-grading

Minimal 57 11 2

Mild 50 38 8 6

Moderate 6 19 10 6

Severe 1

ND 23

Results for age are given as mean * SD deviation. SVR: sustained viral
response; ND: not done.

Table 2 Characteristics of patients with SVR

Stage 1 2 3 4 P
n 9 8 3 5
Age (yr) 60.0+86 602+103 66.0+6.1 585+81 NS
M/F 5/4 3/4 2/1 2/3 NS
Serotype
1 4 3 1 2
2 3 4 2 2
ND 2 1 1 NS
Histological
-grading
Minimal 1 2
Mild 3 4 1 1
Moderate 4 3 2 1
Severe 1 0 1
Period from liver 2141 981 2187 2240
biopsy (d) (626-5667) (282-2285)  (1191-2946) (970-3074) NS

Results for age are given as mean * SD. SVR: sustained viral response; ND:
not done.

Liver stiffness measurement

LS was measured by transient elastography using an FS.
Briefly, the subject lay on the bed in the horizontally
supine position, and a probe was placed on the skin
above the right intercostal space. The velocity of shear
waves, generated temporarily and passing though the
liver, was combined with Young’s modulus for automated
calculation of elasticity”. The median of 10 consecutive
measurements was used as the LS for a given subject, and
expressed in units of kilopascals (kPa).

Serum markers of fibrosis

Blood for measurement of serum markers of fibrosis was
sampled on the day of LS measurement. Of the markers,
serum concentrations of type IV collagen (IV collagen)
were measured with latex agglutination turbidimetry
(PANASSAY [V C; Daiichi Fine Chemical Co., Ltd.,
Tokyo, Japan), with a normal range of not more than 150
ng/ml. Serum concentrations of type IV collagen 7S (IV
collagen 7S) were measured by radioimmunoassay (type
IV collagen-7S kit, Mitsubishi Kagaku Iatron Inc., Tokyo,
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Table 3 Results of biochemical examination of patients

Stage 1 2 3 4 P

n 113 68 18 38

Platelet 18.0+£8.0 139+6.6 121+£5.7 99+56 <0.001
(<10* L)

AST (IU) 473+31.9 51.6+27.2 63.8+334 959+142.2 0.001
ALT (IU) 60.9+59.3 61.0+40.5 758+51.0 86.8+135.7 0.023
ALB (g/dL) 39+10 3.6+13 3.8+1.0 33+1.1 0.036

HA (ng/mL)' 56.7+65.8 89.2+112.0 113.8 +125.8 509.3 + 404.7 < 0.001

IV collagen ~ 121.0+57.5 149.9+67.9 176.8 £129.2 229.7 +108.8 0.020
(ng/mL)’
IV collagen7S  55+18 6.0+1.6 89+29 8.0+21 0.001
(ng/mL)’
P-TI-P (U/mL)* 0.79+0.19 0.88+0.30 1.23+0.60 1.02+0.29 0.023

Results are given as mean + SD. 'HA was measured in 57 patients; “IV
collagen, IVcollagen 7S, and P-II-P were measured in 52 patients. AST:

asparate aminotransferase; ALT: alanine aminotransferase; ALB: albumin;
HA: hyaluronic acid.
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Figure 1 Liver stiffness measurements for each fibrosis stage. Fibrosis stage 0
is offered to the control group. The top and bottom of the boxes are the 1% and
3" quartiles. The length of the box thus represents the interquartile range (IQR)
within which 50% of values are located. The lines through the middle of the boxes
represent the median. The error bars represent the minimum and maximum values
(measurement range). Significant correlation was found between stage of fibrosis
and liver stiffness (P < 0.001, Kruaskal-wallis test).

Japan), with a normal range of not more than 6 ng/ml..
Serum concentrations of type Il procollagen N peptide
(P-II[-P) were measured by radioimmunoassay (RIA-
gnost PIIl P c.t, Nihon Shering K.K., Osaka, Japan), with
a normal range of 0.3-0.8 U/ml.. Serum hyaluronic acid
(HA) concentrations were measured by latex agglutination
immunoturbidimetry (LPIA Ace HA, Fujirebio Inc., Tokyo
Japan), with a normal range of not more than 50 ng/ml..

Statistical analysis

Biochemical data were expressed as mean * SD.
Elastography data were expressed as median values.
Box plots were used to study the LS value distribution
according to the stage of fibrosis. Differences in mean
values were tested by one-way analysis of variance
(ANOVA), followed by the Kruskal-Wallis test. The Mann-
Whitney U-test was used to compare the data between
the two groups. The XZ test was used to compare the
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Figure 2 Azan-Mallory-stained liver tissue and liver stiffness measurement. A and
B: stage 1 liver tissue samples, showing that the grade of fibrosis and elasticity
was higher for B than for A; C: stage 3 liver tissue sample; D: stage 4 liver tissue
sample. The elasticity thus increased as the fibrosis progressed.

distribution of individual variables among the patient
groups. Correlations between two variables were examined
using Spearman’s correlation coefficient. Differences were
considered statistically significant when P values were less
than 0.05. All analyses were performed using SPSS 11.0]
(SPSS Japan Inc. Tokyo, Japan).

RESULTS

Biochemistry

Table 3 shows the results of biochemical tests at each
stage of CHC. Platelet count decreased as the stage
progressed. Albumin level at stage 4 was significantly lower
than at stage 1 (P = 0.006). Type IV collagen 7S level at
stage 4 was significantly lower than at stage 1 (P = 0.032).
However, HA level at stage 4 was significantly higher than
at stage 1 (P = 0.041).

Relationship between the histological stage and the liver
stiffness
Figure 1 shows LS determined with FS for the control
group (stage 0) and serum HCV RNA-positive patients
with CHC. Median LS (50% level) was 4.1 (3.5-4.9) at
stage 0, 6.3 (4.8-8.5) at stage 1, 8.8 (6.8-12.0) at stage 2,
14.6 (10.5-18.6) at stage 3, and 22.2 (15.4-28.0) at stage
4 (Kruskal-Wallis test, P < 0.001). Mean LS differed
significantly between each two of the five stages. The
differences between the groups were as follows: stage 1
versus stages 2 (P = 0.011), 3 (P < 0.001), and 4 (P < 0.001);
stage 2 versus stages 3 (P = 0.013) and 4 (P < 0.001); stage
3 versus stage 4 (P = 0.004). These differences were much
superior to those obtained using the biochemical markers.
Figure 2 shows the examples of findings for Azan-
Mallory-stained liver tissue and LS. Samples A and B were
classified as stage 1. However, degrees of fibrosis noted
on microscopic examination differed between the two
samples.

At each stage of fibrosis, LS was significantly lower in
SVR than in HCV RNA-positive patients not treated with
interferon (NT) (Figure 3). The median LS of SVR was 3.8
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Figure 3 Liver stiffness measurements for each fibrosis stage in the patients not
treated with IFN and the patients with sustained response for IFN therapy. Fibrosis
stage 0 indicates the control group. The top and bottom of the boxes are the 1%
and 3" quartiles. The length of the box thus represents the interquartile range (IQR)
within which 50% of values are located. The lines through the middle of the boxes
represent the median. The error bars represent the minimum and maximum values
(measurement range). In each stage, liver stiffness differed between NT and SVR.
At each stage of fibrosis, elasticity was significantly lower in SVR than in HCV
RNA-positive cases without IFN therapy (NT). NT: Patients without IFN therapy;
SVR: Patients with sustained viral response to IFN therapy.

(3.5-5.6) (P = 0.030) at stage 1, 5.7 (4.4-6.8) (P = 0.004) at
stage 2, 6.8 (6.1-7.6) (P = 0.047) at stage 3, and 6.1 (3.6-7.9)
(P =10.001) at stage 4 (compared with NT patients).

Correlations with serum markers of fibrosis

When correlations between the liver stiffness and serum
markers of fibrosis were determined, the coefficient of
correlation (7) was found to be 0.474 with HA (» = 70, P
< 0.001), 0.581 with type IV collagen (z = 70, P < 0.001),
0.581 with type IV collagen 7S (z = 69, P < 0.001), and
0.233 with P-TI[-P (» = 70, P = 0.064), respectively (Figure
4). Each of the four serum markers of fibrosis were
significantly correlated with .S measured using FS.

DISCUSSION

HCC is the most frequent cause of death among
patients with CHC. As liver fibrosis associated with
CHC advances, HCC develops with high incidence". It
has been reported that the rate of viral eradication in
response to IFN therapy is high in the patients with low-
stage liver fibrosis™'. Evaluation of the liver tissue is thus
quite important when selecting a method of treatment
and predicting prognosis for the individual patients with
CHC. The stage of CHC is usually evaluated based on
general assessment of hematological data and findings of
diagnostic imagings. However, with these indirect tests, it
is difficult to precisely determine the stage of liver fibrosis.
Liver biopsy is a gold standard for direct evaluation of liver
fibrosis. However, since it is invasive and stressful, and
carries certain risks, it cannot be performed for all patients
with chronic liver disease”". Furthermore, it is difficult
to perform liver biopsy several times in the same patient.
Regev e7 al” found that severity of fibrosis differed by
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Figure 4 Correlation between liver stiffness and serum fibrosis markers. Correla-
tions between elasticity measured by the Fibroscan502 and HA (A), type IV col-
lagen (B), IV collagen 7S (C), and P-1II-P (D) are indicated. HA: Hyaluronic acid;
P-1II-P: Type III procollagen N peptide.

at least one stage between the right and left lobes of the
liver in 41 of 124 (33%) patients studied. Bedossa ez a/”
reported that accurate staging by the METAVIR fibrosis
staging method was possible in only 75% of cases when
liver biopsy specimens of at least 25 mm in length were
used for evaluation. Siddique 7 al™ found that degree of
fibrosis differed by at least one stage in 45% of cases when
tissue specimens collected from the same puncture site
were evaluated. With liver biopsy, precise determination
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of the stage of liver fibrosis is sometimes impossible,
depending on the amount of tissue sample available.
Furthermore, results of evaluation can differ among
pathologists”*. Correlations between fibrosis markers
and the stage of fibrosis due to liver disease (including
liver cirrhosis) have also been reported”"?. In the liver, HA
is synthesized and secreted by fat-storing cells, which are
liver-specific pericytes considered to be major contributors
to liver fibrosis™. Elevated serum HA concentrations
result not only from reduced catabolism of HA in the
liver but also from excess hepatic production of HA.
Type IV collagen is one of the major constituents of the
basement membrane progressively laid down in fibrotic
liver as a continuous subendothelial layer along the space
of Disse. Appearance of type IV collagen 7S in serum
is thought to be due primarily to degradation of existing
basement membrane rather than newly synthesized type IV
collagen™. Serum P-TI[-P concentrations are thought to
reflect mainly the degree of fibrosis and fibrogenic activity
in chronic liver disease”. However, P-II[-P may also be
derived from degradation of tissue type Il collagen still
containing the amino-terminal peptide™. In addition,
circulating P-II[-P is metabolized by the liver endothelial
cells”?, These factors may complicate interpretation of
changes of serum P-III-P, obscuring relationships between
serum concentration and fibrogenic activity in the liver.
Almost all human studies have used biopsy specimens
for histological evaluation. In the present study, positive
correlations between measurement with FS and serum
markers of fibrosis were found.

Transient elastography using FS permits noninvasive
measurement of LS from the body surface with a high
degree of reproducibility. According to a recent report,
LS determined with FS increased as the stage of liver
fibrosis advanced in the patients with CHC. Liver biopsy
permits only semi-quantitative evaluation of fibrosis,
since degree of fibrosis can be expressed only in steps
and not as a continuous variable. FS, on the other hand,
may enable more quantitative evaluation of fibrosis. Saito
et al”’ reported that platelet count correlated well with the
stage of fibrosis, and that variation was large for platelet
count but small for FS measurement. Measurement of
liver stiffness with FS is superior to liver biopsy, in that
the former does not cause pain or other adverse events
and thus can be repeated. Furthermore, FS measurement
features little inter-observer variation and is hence highly
reproducible. Since LS determined with FS correlated
positively with the stage of liver fibrosis, it should be
possible to utilize FS to estimate the degree of liver
fibrosis in patients with CHC™?!. Data from patients
who underwent several liver biopsies indicate that liver
fibrosis in the patients with CHC advances at a rate of
approximately one stage per 10 yearsm. However, the rate
of progression of fibrosis can vary depending on sex,
alcohol consumption, and certain other factors”. In the
present study, degree of liver fibrosis was significantly
lower in the patients with CHC who had become SVR
in response to IFN therapy than in HCV RNA-positive
patients with CHC. This finding indicates that liver fibrosis
was alleviated in the patients with CHC who had exhibited
viral eradication in response to IFN therapy. A long-term
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prospective follow-up study of determination of liver
stiffness by FS is now needed. The findings of the present
study suggest that F'S is a promising means of quantitative
evaluation of the degree of liver fibrosis associated with
CHC.
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