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Quantification of collagen and elastic fibers using whole-slide
images of liver biopsy specimens
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Histological evaluation of fibrosis after a liver biopsy is
crucial for evaluating the pathology of patients with chronic
liver disease. Previous studies have reported quantitative
analyses of fibrosis using images of collagen-stained sec-
tions. However, analysis of these studies requires manual
selection of the region of interest. In addition, the guantifi-
cation of elastic fibers is not considered. The present study
was conducted in order to measure both the coliagen and
elastic fiber area ratios using Elastica van Gieson-stained
whole-slide images (WSis) of liver biopsy specimens.
High-resolution WSIs provide precise color classification,
enabling accurate detection of even fine collagen and
elastic fibers. To minimize the influence of pre-existing
fibrous tissue, median area ratios of the collagen and elastic
fibers were independently calculated from the image tiles of
the WSls. These median area ratics were highly concordant
with area ratios after the pre-existing fibrous tissues were
manually trimmed from the WSL. Further, these median area
ratios were correlated with liver stiffness as measured by
transient elastography (collagen: r= 0.73 [P < 0.01], elastic:
r=0.53 [P < 0.01]). Our approach to guantifying liver fibro-
sis will serve as an effective tool to evaluate liver diseases
in routine praciice.

Key words: collagen, compuier-assisted image analysis,
elastin, elastography, liver fibrosis, whole-slide image

Evaluation of liver fibrosis in patients with chronic liver
disease is crucial for understanding the disease state, pre-
dicting prognosis and selecting the appropriate treatment.’?
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Although the efficacy of biochemical methods®® and tran-
sient elastography for measuring liver stifiness’ has been
demonstrated, histopathological evaluation of liver biopsy
specimens remains the gold standard. At present, histo-
pathological evaluation of fibrosis using fiver biopsy speci-
mens is performed by a pathologist who stages specimens
by identifying the location, degree and pattern of fibrosis,
presence of architectural distortion, and regenerative nodule
formation. This staging is completely dependent on the expe-
rience of the observer, and there is intra- as well as inter-
individual variation in this respect.! To overcome these
issues, quantification by imaging analysis has been sug-
gested for evaluating the degree of liver fibrosis.®"” in these
studies, collagen fibers were extracted from the histological
image of the liver biopsy specimen, and the area occupied by
the fibers relative to the area of the entire tissue specimen
was quantified as a ratio. However, most of the proposed
quantification methods still need an observer to define the
region of interest or trim pre-existing fibrous tissue such as
skin, muscle, or a large blood vessel.®' An increase in
collagen deposition is involved in the progression of liver
fibrosis. Deposition of elastic fibers is also reportedly
increased, particularly in late stages of the disease.'®?' Thus,
evaluation of elastic as well as collagen fiber deposition is
crucial for the accurate evaluation of fibrosis progression;
however, to our knowledge, no method that simultaneously
quantifies both fibers has been reported to date.

The whole-slide imaging system, which is popular in tele-
pathology and education, enables an entire tissue section to
be digitized at a high resclution within minutes and saved as
a whole-slide image (WSI).222* Once the W8I is stored as
digital data, it is easy to obtain individual pixel color values,
and WSls can be used for several applications including
morphometrical analysis.?*2 The purpose of this study is to
develop an effective method to quantify liver fibrosis using
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the WSIs of liver biopsy specimens. We established a
method that simultaneously quantifies the collagen and
elastic fiber area ratios in Elastica van Gieson (EVG)-stained
liver biopsy tissue specimens. Further, the area ratios were
compared with liver stiffness as measured by transient elas-
tography. This method of quantifying liver fibrosis using WSIs
may become important in the future as a technique for assist-
ing with pathological diagnosis.

METHODS
Samples

Liver biopsy specimens were collected from 38 chronic viral
hepatitis patients (37 with chronic hepatitis C virus, and one
with chronic hepatitis B virus) from four medical facilities.
After obtaining the informed consent, we measured the liver
stiffness by using FibroScan (Echo-Sens, Paris, France). The
stiffness of the right lobe of the liver was measured by placing
a probe tip into the intercostal space at a depth of 2.5-6 cm
from the skin surface. Liver stifiness was measured 10 times,
and the median value of these 10 measurements was used
for each patient.

EVG staining

The liver biopsy specimens were formalin-fixed and paraffin-
embedded. The specimens were then sliced to a thickness of
3 um and stained with EVG. A WSI of each specimen was
acquired using the NanoZoomer 2.0HT (Hamamatsu Pho-
tonics K.K., Hamamatsu, Japan) at a x20 objective lens
equivalent to 0.46 um/pixel.

Quantification of fibrosis using WS analysis

The WSI pixels were classified into five classes correspond-
ing to four tissue components: collagen fibers, elastic fibers,
nucleus, cytoplasm, and one non-tissue component (i.e.
glass slide). The training data points, which were extracted
from the portal and periportal areas in the WSI, were sampled
for at least 30 points for each class. The color distributions of
the five classes were analyzed in RGB color space, wherein
the color analyses were done for all specimens. Subse-
quently, a quadratic discriminant function based on the color
distribution®® was applied in order to label each WSI pixel
appropriately.

The area ratio of each tissue component is the sum of
pixels for each tissue component divided by the total number
of pixels of the four tissue components. The median area
ratios of collagen and elastic fibers were also calculated. An

image-processing program was developed using MATLAB
(The MathWorks, Inc., Natick, MA, USA) for image analysis.

Statistical analysis

Relationships between measurement values were analyzed
using the Spearman’s rank correlation coefficient test. All
P-values were two-tailed, and values less than 0.05 were
considered statistically significant. Analyses were carried
out using SPSS software (version 19.0; SPSS inc., Chicago,
IL, USA).

RESULTS

The evaluated liver biopsy specimens had an average length
of 16.3 mm (8D = 3.2 mm) and an average width of 1.0 mm
(SD = 0.3 mm). This is equivalent to an average of 77 mega-
pixels (SD =36 mega-pixels) in WSIs. The time required
for analysis was approximately 6.3 min (SD = 3.3 min) per
biopsy specimen.

Color classification of EVG-stained tissue specimens

The training data points for five classes were from the portal
and periportal areas on the W8I of EVG-stained liver biopsy
specimens (Fig. 1a). The extracted training data points were
plotted in RGB color space (Fig. 1b). Five classes of the data
points in all liver biopsy specimens were individually distin- .
guishable in the three-dimensional color space. The compo-
sition of the color distribution of the five classes was different
among the biopsy specimens, therefore, the quadratic dis-
criminant function was designed based on the training data
points in each liver biopsy specimen and applied to deter-
mine the color classification of the pixels. As a result, every
pixel on the WSiIs of all liver biopsy specimens was success-
fully labeled in the appropriate classes (Figs $1,52). Figure 2
shows that even fine collagen and elastic fibers could be
extracted from portal and periportal areas.

Measurements of the area ratios of tissue components
on WSls

The area ratio of each tissue component could be calculated
from the labeled pixels. The average area ratios of colla-
gen, elastic fibers, nucleus and cytoplasm in all biopsy speci-
mens were 11.3% (8D =5.1%), 3.8% (SD =2.7%), 11.8%
(SD =5.0%) and 73.1% (SD = 8.7%), respectively. Repre-
sentative WSls and classification results of liver biopsy speci-
mens with mild fibrosis and severe fibrosis are shown in

© 2013 The Authors
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Figure1 Sampling and
color  distribulion. (a)
Colored squares indicate
training data points for
five classes in the portal
and periportal area (250 x
250 um?). (b) Color distri-
bution of the data points
in RGB color space. Each
color represents a class:
collagen fiber (CF), red;
elastic fibers (EF), blue;
cell nuclei (N), yellow; cyto-
plasm (C), green; glass
slide (G), white.

Figure 2 Color image and classification
result in the portal and periportal areas
(1x1mm?. In the color classification
result, collagen fibers, elastic fibers,
nuclei, cytoplasm, and glass slide were
red, blue, yellow, green, and white, respec-
tively. Scale bar, 0.2 mm.

Figure 3 Measuremenis of area ratio
on the whole-slide image. Representative
whole slide images (WSIs) and classifica- :
tion results of liver biopsy specimen with ’
mild fibrosis (a,b) and. with severe fibrosis :
(e,d). The percentage indicates area ratio
of each tissue component.

Figure 3a—d. The area ratios of collagen, elastic fibers,
nucleus, and cytoplasm were 6.2%, 2.2%, 10.6%, and
81.0%, respectively, for mild fibrosis. The area ratios for
severe fibrosis were 16.7%, 4.6%, 8.5%, and 70.2%, respec-
tively. The area ratios of collagen as well elastic fibers were
higher for patients with severe fibrosis than for those with
mild fibrosis.

© 2013 The Authors
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CF:6.2%, EF: 2.2%, N:10.6%, C: 81.0%
d

CF:16.7%, EF: 4.6%, N :8.5%, C:70.2%

Median area ratios of collagen and elastic fibers

Previous papers reported that pre-existing fibrous tissue,
such as muscle and large blood vessels (enclosed by the
dotted line in Fig. 4a), should be trimmed from the WSI
prior to implementing image analysis.®® The measurements
show that without trimming the pre-existing fibrous tissue,

Pathology International © 2013 Japanese Society of Pathology and Wiley Publishing Asia Pty Lid



308 T.Abe etal

F:15.0%, EF:4.8% N:8.3%, C:71.9% &

Sriruning pre-existing fbrous tssue

of collagen fiber = 8.0 %

CF: EF 299 N:Sa%, C:786%
c 40 | 26 11 ] 89
38| 21 5.7
; ; : Figure 4 Median area ratios of collagen
Me t o 9 g
edian area ratio 2391 248 and elastic fibers. (a,b) Whole-slide image

{WSI) and classification result of the liver
biopsy specimen with mild fibrosis. (e,d)

10

Median area ratios of collagen and elastic
fibers, respectively, when the classification

05

Median area ratio
of elatic fiber = 24 %

result was divided into 1 x 1 mm?. Black
numbers indicate area ratios of each fiber
for any tiles where the tissue area occu-
pied at least 20% of the tile area. The red
nurnber was the median area ratio of each

fiber. Scale bar, 1 mm.

Table 1 Correlation between the median area ratio and area ratio after trimming the pre-existing fibrous tissue from the whole slide image

Tile size (mm?) 0.012 0.252 0.50% 0.752 1.00? 1,262 1.50?
Spearman’s rank correlation coefficient
Collagen fiber 0.79™* 0.94** 0.98™* 0.97** 0.98™ 0.95* 0.93**
Elastic fiber 0.59** 0.87* 0.93** 0.93** 0.95* 0.92* 0.88**
*P < 0.01.

the area ratios of collagen and elastic fibers were 15.0%
and 4.8%, respectively. After trimming, the area ratios of
collagen and elastic fibers were 8.9% and 2.9%, respec-
tively (Fig. 4b).

We then calculated the median area ratios of collagen and
elastic fibers from the image tiles of WSI (Fig. 4¢,d). The WSI
was divided into small tiles of 1 x 1 mm?. Then area ratios of
each fiber on any tile, where the tissue area occupied at least
20% of the tile area, was calculated. The median area ratios
of collagen and elastic fibers were determined as 8.0%
(Fig. 4c) and 2.4% (Fig. 4d), respectively.

In order to determine the appropriate tile size, correlation
between the median area ratios in other tile sizes and the
area ratio after trimming were evaluated for ali 38 liver biopsy
specimens (Table 1). When the tile size was 1 x 1 mm?, the

median area ratios of the fibers correlated with the area ratio
after trimming most strongly.

Relationship between the area ratio of fiber and
liver stiffness

Correlation between the median area ratio of each fiber and
liver stiffness measured by transient elastography was eva-
luated (Fig. 5a,b). Liver stiffness correlated well with the
median area ratios of both types of fibers using a tile size of
1x 1 mm? (collagen fiber: r=0.73 [P <0.01]; elastic fiber:
r=0.53 [P < 0.01]), as well as the area ratios after trimming
pre-existing fibrous tissue off from WSI (collagen fiber:
r=0.73 [P<0.01], elastic fiber: r=0.51 [P<0.01]). Liver

© 2013 The Authors
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stiffness showed better correlation with the median area
ratios of both fibers than with the area ratios including pre-
existing fibrous tissue (collagen fiber: r=0.62 [P<0.01],
elastic fiber: r=0.44 [P < 0.01)).

DISCUSSION

Our color classification technique successtully labeled the
WSI pixels of EVG-stained liver biopsy specimens in the
appropriate classes (collagen, elastic fibers, nucleus, cyto-
plasm, and glass slide). Even fine collagen and elastic fibers,
associated with chronic hepatitis, were accurately detected.
Our results suggest that the precise recognition of tissue
components in WSIs could identify not only portal fibrosis in
patients with chronic viral hepatitis, but also fine pericellular
fibrosis in those with alcoholic and non-alcoholic fatty liver
diseases.

Pre-existing fibrous tissue such as skin, muscle and large
blood vessel affects the accuracy of liver fibrosis measure-
ments.® Previous studies have reported that the area ratio of
collagen fiber was calculated after trimming pre-existing
fibrous tissue from WSI.8° Our study indicates that the trim-
ming step could be avoided by calculating the median area
ratios of collagen and elastic fibers from the image tiles of
WSI. This approach can minimize the human factor and
serve to establish an objective and automated quantification
method. This type of image processing is one of the advan-
tages of WSI analysis. We believe that more beneficial and
useful algorithms will be developed in the near future.

Liver stifiness measured by transient elastography has
been reported to correlate with the liver fibrosis stages.” Our
results show that liver stiffness had a better correlation with
the median area ratios of fibers than with the area ratios of
fibers, including pre-existing fibrous tissue. This result sug-
gests that the median area ratio of each fiber increases the
correlation with liver stiffness and reflects the progression of
liver fibrosis quantitatively. The liver stiffness, especially, cor-
related better with the median area ratio of collagen fiber than
with the median area ratio of elastic fiber, probably due to an

© 2013 The Authors

increase in elastic fiber in the late stages of the disease.®2
Itis also possible that liver stifiness may relate to the width or
density of fibrous septa.®® However, we need to integrate
other algorithms or densitometric method in order to measure
those parameters and illuminate their relationships. The
quantification of collagen and elastic fibers in a large number
of cases would contribute to the understanding of the
mechanism of fibrosis progression associated with chronic
liver disease with different etiology, and would help to evalu-
ate clinical usefulness.

In conclusion, a method for simultaneously quantifying
collagen and elastic fibers was developed using WSis of
EVG-stained liver biopsy specimens. Median area ratios of
collagen and elastic fibers obtained from the image tiles
of WSis were found to be correlated with liver stifiness mea-
sured by transient elastography. This enabled more accurate
quantification of liver fibrosis than the area ratio of each fiber,
including pre-existing fibrous tissue. Our approach of quan-
tifying liver fibrosis will serve as a useful tool to effectively
evaluate liver diseases in routine practice.
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Miriplatin is a novel lipophilic platinum complex that was
developed to treat hepatocellular carcinoma (HCC). Although
HCC patients frequently have coexisting chronic renal failure,
little prospective data are available regarding the clinical tox-
icity of chemotherapeutic agents used to treat HCC patients
with chronic renal failure. In a phase Il study, the plasma
concentration of total platinum in patients who received
miriplatin was very low, and no severe renal toxicity caused
by miriplatin injection was reported. Here, we present three
cases of HCC with stage 4 chronic renal failure who received
transcatheter arterial chemotherapy with miriplatin. All cases
were male, ages 72, 84, and 83 years, and had serum cre-
atinine levels of 2.3, 1.6, and 1.9 mg/dL, respectively. Their
estimated glomerular filtration rates were 21.9, 20.3, and
22.2 ml/min, respectively. All cases were treated for unre-
sectable HCC with transcatheter arterial chemotherapy with
miriplatin. No serious adverse events were observed, and se-
rum creatinine levels did not elevate, even in the patient who
experienced renal failure caused by cisplatin administration.
These results might suggest that transcatheter arterial che-
motherapy with miriplatin can be safely used in HCC patients
with chronic renal failure. (Gut Liver 201.3;7:246-251)

Key Words: Miriplatin; Chronic renal failure; Hepatocellular
carcinoma

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common
malignant diseases worldwide.’ Since curative therapies, includ-
ing resection, liver transplantation, and percutaneous ablation
(percutaneous ethanol injection and radiofrequency ablation
[RFA]) are applicable in only 30% to 40% of HCC patients,
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transcatheter arterial chemoembolization (TACE} has been rec-
ognized as an effective palliative treatment option for patients
with advanced HCC.>” HCC patients frequently have coexisting
cirrhosis, which is a predisposing factor for the development of
renal dysfunction due to intravascular volume depletion, inad-
equate renal vasoconstriction, and hyperaldosteronism.***

Little prospective data are available regarding the clinical
toxicity of chemotherapeutic agents used to treat HCC patients
with chronic renal failure. Although cisplatin is an effective
anticancer drug that is widely used for the treatment of many
malignancies, including HCC, it is associated with significant
nephrotoxicity, particularly in patients with chronic renal fail-
wre.”” Miriplatin is a novel cisplatin derivative containing plati-
num with a high affinity for the iodized ethyl ester of fatty ac-
ids of poppyseed oil (Lipiodol Ultra-fluide; Laboratoire Guerbet,
Aulnay-Sous-Bois, France) that is used in TACE. Clinical trials
have demonstrated that miriplatin is effective in the treatment
of HCC.M"

In a Phase I HCC study, the plasma concentration of total
platinum in patients receiving miriplatin was very low, and no
severe renal toXicity caused by miriplatin injection was report-
ed.” Here we present three cases of HCC with stage 4 chronic
renal failure who received transcatheter arterial chemotherapy
with miriplatin.®®

CASE REPORTS
i.Cased

A 72-year-old man with HCC, liver cirrhosis, and diabetic ne-
phropathy had undergone RFA four times and TACE three times
over 5 years. As shown in Fig. 1, a computed tomography (CT)
scan of the liver revealed multiple HCCs (tumor size, 15 to 34
mm; tumor number, three; stage, T2NOMO). The serum creati-
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Fig. 1. Case 1. A 72-year-old man with unresectable hepatocellular
carcinoma (HCC) who received transcatheter arterial chemoemboli-
zation (TACE) with miriplatin. (A} Abdominal angiography showed
multiple HCCs (arrow). (B) Computed tomography (CT) showed mul~
tiple HCCs (arrow). (C) CT performed 1 month after TACE. The lesions
revealed accumulations of lipiodo] (arrow). Treatment efficacy was
assessed as a partial response.

nine level was 2.3 mg/dL, and the estimated glomerular filtra-
tion rate {GFR) was 21.9 mL/min (Table 1).**

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-
plied the target tumor, for injection of the miriplatin/lipiodol
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suspension and 1 mm gelatin particles (1 mm-Gelpart; Nippon
Kayaku, Tokyo, Japan). Miriplatin/lipiodol suspension was
administrated slowly under careful fluoroscopic guidance. The
dose of miriplatin/lipiodol was determined according to tumor
size and the degree of liver dysfunction. The patient received
TACE with miriplatin (miriplatin 50 mg, lipiodol 2.5 mlL, and 1
mi-Gelpart were injected from both the right and left hepatic
arteries). Therapy was well tolerated, and the patient’s weight
and serum creatinine level remained stable after treatment {Fig.
2). Major side effects included grade 1 fever, elevated blood
ghicose, and grade 1 nausea, which all resolved within 1 week
(the National Cancer Institute’s Common Terminology Criteria
for Adverse Events [CTCAE] version 4.0). Treatment efficacy
was assessed 1 month after treatment. Partial response (modi-
fied response evaluation criteria in solid tumors, mRECIST) was
achieved in all target lesions.”

The patient was received two times TACE with miriplatin at
intervals of 4 months after the first administration (second and
third dosage of miriplatin were 120 mg and dosage of lipiodol
were 6 mL). The patient’s weight and serum creatinine level
still remained stable after repeat injection of miriplatin (serum
creatinine level was 2.2 mg/dL after third TACE with miriplatin).
Stable disease (mRECIST) was achieved in all target lesions after
third TACE with miriplatin.

2.Case 2

An 84-year-old man with HCC, liver cirthosis, and chronic re-
nal failure had undergone RFA three times and TACE six times
over 10 years. As shown in Fig. 3, a CT scan of the liver showed
multiple HCCs {tumor size, 12 to 55 mm; tumor nuwmber, six;
stage, T3ANOMO). The serum creatinine level was 1.6 mg/dL, and
the estimated GFR was 20.3 mL/nxin (Table 1).

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-
plied the target tumor, for injection of the miriplatin/lipiodol
suspension. Miriplatin/lipiodol suspension was administrated
slowly under careful fluoroscopic guidance. The dose of mirip-
latin/lipiodol was determined according to tumor size and the
degree of liver dysfunction.

The patient received transcatheter arterial chemotherapy with
miriplatin (miriplatin 50 mg and lipiodol 2.5 mL were injected
from both the right and left hepatic arteries). Therapy was well
tolerated, and the patient’s weight and serum creatinine level
remained stable after treatment (Fig. 2). The major side effect
of treatment was grade 1 fever, which resolved within 1 week
(CTCAE version 4.0). Treatment efficacy was assessed 2 months
after therapy. Stable disease (mRECIST) was achieved in all tar-
get lesions.

3.Case 3

An 83-year-old man with HCC, liver cirthosis, hypertension,
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Table 1. Patient Characteristics

Characteristic Case 1 Case 2 Case 3
Age 72 84 83
Gender Male Male Male
Height, cm 159 160 162
Weight, kg 58 47 57
Serum creatinine, mg/di* 2.3 1.6 1.9
Estimated GFR1, mL/min’ 219 203 22.2
Estimated GFR2, mLfmin* 22.8 325 27.0
Etiology HCV HCV HBV
Child-Pugh score A(8) A(5) A (5)
ICG-R15, % 16 13 4
Undetlying disease that caused renal failure Diabetic nephropathy Chronic glomerulonephritis Cisplatin induced renal failure
Tumor no. 3 6 40
Maximum tumor size, mni 34 55 39
Cancer stage (TNM) 11 (T2NOMO} 1T (T3NOMO) 11 (T2NOMO}
Dosage of miriplatin, mg 100 100 70
Dosage of lipiodol, mL 5 5 3.5
Use of gelatin sponge particles Yes No Yes
Contrast mediuni, mL fomeprol 60 fomeprol 50 lomeprol 190
Use of hydration therapy after miriplatin infusion Yes Yes Yes

GFR, glomerular filtration rate; HCV, hepatitis C virus; HBV, hepatitis B virus; ICG-R15, indocyanine green retention rate at 15 minutes.
*Enzymatic method; "Cockcroft and Gault formula; “Japanese equation for estimating GFR.

-4~ Case 1
—e— Case 2
—&- Case 3

0.5

Serum creatinine level (mg/dL)

0.0 T T T T T T T 1
0 10 20 30 40 50 60 70

Days after miriplatin administration

Fig. 2. Serum creatinine level after miriplatin administration in the
three cases.

and renal failure that had been caused by cisplatin administra-
tion had undergone TACE nine times over 4 years. As shown in
Fig. 4, a magnetic resonance imaging scan of the liver revealed
multiple HCCs (tumor size, 5 to 39 mni; tumor number, 40;
stage, T2ZNOMOJ. The patient’s serum creatinine level was 1.9
mg/fdL, and the estimated GFR was 22.2 mL/min (Table 1).

The patient was hydrated through a peripheral line. The fem-
oral artery was catheterized under local anesthesia, and catheter
was inserted superselectively into the hepatic artery that sup-

plied the target tumor, for injection of the miriplatin/lipiodol
suspension and 1 mm-Gelpart. Miriplatin/lipiodol suspension
was administrated slowly under careful fluoroscopic guidance.
The dose of miriplatin/lipiodol was determined according to tu-
mor size and the degree of liver dysfunction.

The patient received TACE with miriplatin (miriplatin 30 mg,
lipiodol 1.5 miL, and 1 mm-Gelpart were injected from the right
and left hepatic arteries, and miriplatin 10 mg and lipiodol 0.5
mL were injected from the right inferior phrenic artery). Therapy
was well tolerated, and the patient’s weight and serum creati-
nine level remained stable after treatment (Fig. 2. Major side ef-
fects included grade 1 fever and grade 1 nausea, both of which
resolved within 1 week (CTCAE version 4.0}. Treatment efficacy
was assessed 3 months after therapy. Stable disease (mRECIST)
was achieved in all target lesions.

DISCUSSION

Various anticancer drugs, such as doxorubicin hydrochloride,
epirubicin hydrochloride, mytomycin C, cisplatin, and neocar-
zinostatin, have been used at TACE agents for the treatment of
HCC. However, the most effective and least toxic TACE protocol
for HCC has yet to be identified.

Miriplatin is a novel lipophilic cisplatin derivative that can
be suspended in lipiodol and used for transcatheter arterial che-
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Fig. 3. Case 2. An 84-year-old man with unresectable hepatocellular
carcinoma (HCC) who received transcatheter arterial chemotheyapy
with miriplatin. {A} Abdominal angiography showed multiple HCCs
{arrows). (B) Magnetic resonance imaging (hepatobiliary phase)
showed multiple HCCs (arrows). {C) Computed tomography performed
2 months after transcatheter arterial chemotherapy with miriplatin.
The lesions showed accumulations of lipiodol (arrows). The treatment
efficacy was assessed as a stable disease.

motherapy of advanced HCC. It is one of the platinum agents,
although hydration after administration is not necessary of its
weak renal toxicity.

Various types of resistance to therapy can occur during repe-
tition of TACE. Platinum derivatives are frequently administered
to patients with advanced HCC that is unresponsive to anthra-
cycline and antibiotic drugs.”

Fig. 4. Case 3. An 83-year-old man with unresectable hepatocellular
carcinoma (HCC) who received transcatheter arterial chemoemboli-
zation (TACE) with miriplatin. {A) Abdominal angiography showed
multiple HCCs (arrow). {(B) Gadolinium ethoxybenzyl diethylenetri-
amine pentaacetic acid (Gd-EOB-DTPA) enhanced magnetic reso-
nance imaging (MRI; hepatobiliary phase) showed multiple HCCs
(arrow). (C) GA-EOB-DTPA enhanced MRI performed 3 months after
TACE. The lesions showed accumulations of lipiodol (arrow]. The
treatment efficacy was assessed as a stable disease.

Miriplatin was developed as a lipophilic platinum complex
in an effort to produce a superior antitumor effect in HCC with
lower toxicity compared to cisplatin. Miriplatin-lipiodol suspen-
sion is a stable colloidal emulsion that is deposited within HCC
tumors, where it gradually releases active derivatives of miripla-
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tin.

According to pharmacokinetic studies, the plasma concentra-
tion of total platinum in patients treated with miriplatin is much
lower than that after administration in patients administered in-
tra-arterial cisplatin: the Cmax is approximately 300-fold lower
and the Tmax roughly 500-fold longer than the corresponding
values for intra-arterial cisplatin.” Theoretically, therefore, it
can be administered even in patients of advanced HCC patients
with chronic renal failure if visceral angiography can be per-
formed.

Clinical frials have shown that miriplatin is effective for the
treatment of HCC, but the safety and efficacy of miriplatin has
not been evaluated in HCC patients with chronic renal fail-
ure.”"” Herein we presented three HCC cases with stage 4 chron-
ic renal failure who received transcatheter arterial chemotherapy
with miriplatin. In all three cases, no serious adverse events
were observed, and serum creatinine level did not increase, even
in the patient who had experienced renal failure due to cisplatin
administration (Fig. 2). Repeated injection of miriplatin appears
to be also safe in HCC patients with chronic renal failure.

The present results might suggest that transcatheter arterial
chemotherapy with miriplatin can be safely used in HCC pa-
tients with chronic renal failure. A prospective study is required
to assess the most effective, least nephrotoxic anticancer agent
among the various platinum derivatives. Miriplatin appears to
~ be a promising agent for HCC patients with chronic renal fail-
ure.
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Magnetic resonance laparoscopy: A new non-invasive
technique for the assessment of chronic viral liver disease
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Aim: Laparoscopy-guided liver biopsy is the most accurate
method for assessing liver fibrosis but have several limita-
tions. We designed a non-invasive method, called magnetic
resonance laparoscopy (MRL), based on gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid-enhanced
magnetic resonance imaging, to assess liver fibrosis in
patients with chronic hepatitis B and C virus.

Methods: We prospectively analyzed 49 patients with
normal liver and 353 patients with chronic viral hepatitis, lap-
aroscopic liver biopsy was performed on 109 patients and
244 patients were diagnosed as having liver cirrhosis clini-
cally. The MRL findings of the liver surface were classified into
three categories: (i) smooth {essentially smooth surface of the
entire liver or with limited areas of depression); (i) partially
irregular {several interconnected depressions on the surface
mainly in the teft lobe of the liver); and {ili} diffusely irregular
(nodules present on the liver surface). Patients with diffusely
irregular liver surface was diagnosed as liver cirrhosis.

Results: The liver surface changed with the progression of
liver fibrosis from smooth, partially irregular to diffusely
irregular, irrespective of viral type. The sensitivity, specificity,
positive and negative predictive values for the diagnosis of
cirrhosis according to the surface findings on MRL were 96%,
100%, 95% and 95%, respectively. The cirrhotic liver showed: (i)
disappearance of impression of the right ribs; (i) enlargement
of the lateral segment; and (i) atrophy of the right lobe
according to Child-Pugh classification.

Conclusion: Our data indicated that MRL is a potentially

useful non-invasive examination for evaluation of liver fibrosis
associated with viral hepatitis.

Key words: chronic hepatitis, gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid, laparoscopy, muitiple
resonance imaging, multiple resonance laparoscopy

INTRODUCTION

EPATITIS C VIRUS (HCV) and hepatitis B virus
{HBV) are common causes of chronic liver disease
worldwide and often lead to liver cirrhosis and hepato-
cellular carcinoma (HCC)."”? The prognosis and clinical
management of chronic liver diseases are highly depen-
dent on the extent of liver fibrosis, as complications
mainly occur in patients in the advanced stages. There-
fore, accurate diagnosis of the extent of fibrosis is
needed.
A definite diagnosis of chronic liver disease is estab-
lished by histological examination of a biopsy specimen
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and by visualization of the liver surface at
laparoscopy.®'® Laparoscopy-guided liver biopsy is con-
sidered the most accurate method for the diagnosis of
liver disease, especially liver cirthosis.'"'? However, the
use of laparoscopy as a diagnostic tool in liver has
diminished over the past decade,’*" probably due to
problems associated with safety and complexity com-
pared with ultrasound-guided biopsy. Thus, ultrasound-
guided liver biopsy is currently the gold standard in
assessing liver histology. However, liver biopsy is also
associated with at least a few problems even when per-
formed by experienced hepatologists. In fact, obtaining
a liver biopsy is an invasive procedure and associated
sometimes with life-threatening complications.*'¢ Fur-
thermore, sampling errors and intra- and interobserver
variability may lead to over- or underestimation of
fibrosis.'"*?

Owing to the invasiveness of the biopsy proce-
dure and its associated possible complications, the

® 2012 The Japan Society of Hepatology
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development of alternative non-invasive methods to
characterize the condition of the liver is highly desir-
able. Non-invasive approaches to assess histology in
patients with chronic liver disease include clinical symp-
toms and signs, routine laboratory tests, serum markers
of fibrosis and inflammation, quantitative assays of liver
function, and radiologic imaging studies.?™®' Although
laparoscopy is more invasive than percutaneous liver
biopsy, some studies reported that laparoscopy was
more accurate than liver biopsy in the diagnosis of cir-
thosis and prediction of HCC in patients with chronic
viral hepatitis.’**>* However, due to its invasive nature,
other non-invasive substitute techniques of laparoscopy
are required.

Gadolinium-ethoxybenzyl-diethylenetriamine  pen-
taacetic acid (Gd-EOB-DTPA) is a liver-specific contrast
medium used for multiple resonance imaging (MRI). A
bolus injection of GA-EOB-DTPA allows the evaluation
of tumor vascularity in a manner similar to evaluation
with Gd-DTPA. Furthermore, this contrast medium
accumulates in normally functioning hepatocytes in
the hepatobiliary phase, which begins 20 min after
injection, and enhances the liver parenchyma. While
normally functioning hepatocytes are enhanced in
hepatobiliary phase, tumors appear as hypointense
lesions because they lack normally functioning hepato-
cytes.**> Based on these features, we devised multiple
resonance laparoscopy (MRL), which includes recon-
structed 3-D images obtained from hepatobiliary phase
images of Gd-EOB-DTPA-enhanced MRI, to visualize
the liver surface. The aim of this study was to assess the
utility of this technique as a substitute for laparoscopy
and its usefulness for assessment of chronic liver
disease.

METHODS

Patients

HIS STUDY INCLUDED 49 patients who each had a

small solitary hemangioma with normal liver and
underwent Gd-EOB-DTPA-enhanced MRI. They con-
sisted of 29 women and 20 men with a median age of
55 years {range, 32-70). The inclusion criteria were: (i)
body mass index within the normal range {median, 21;
range, 17-24); (ii) aspartate aminotransferase (AST)
and alanine aminotransferase {ALT) within the normal
range {median, 15 IU/L; range, 8-24 IU/L); (iii) nega-
tive for HCV RNA and hepatitis B surface antigen
(HBsAg); (iv) maximum diameter of hemangioma less
than 15 mm; (v) daily alcohol intake less than 10 mg/
day; and (vi) absence of fatty liver as confirmed by
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ultrasonography. This study also included 101 hepatitis
B patients and 252 hepatitis C patients who underwent
Gd-EOB-DTPA-enhanced MRI between April 2008 and
February 201 1. These patients met the following criteria:
(i) positive for HCV RNA or HBsAg; (ii) negative for
antinuclear antibodies or antimitochondrial antibodies
in the serum, as determined by radioimmunoassay or
spot hybridization; and (iii} no history of treatment
with corticosteroids, immunosuppressants or antiviral
agents. Among these patients, laparoscopy-guided liver
biopsy was performed in 52 hepatitis B patients and 57
hepatitis C patients; the other 49 hepatitis B patients
and 195 hepatitis C patients were diagnosed with liver
cirthosis clinically. These 244 dinically diagnosed cir-
thotic patients were classified into Child-Pugh dass
A-C according to dinical data. Table 1 summarizes
the patients’ characteristics. All patients diagnosed with
stage F4 fibrosis by histology were classified as Child-
Pugh class A. This study was approved by the Institu-
tional Review Board of our hospital. Written informed
consent was obtained from all patients.

Laparoscopy

Laparoscopy-guided liver biopsy was performed in 52
hepatitis B patients and 57 hepatitis C patients between
April 2008 and February 2011. Details of the procedures
of laparoscopy and laparoscopic biopsy were described
previously.?? Based on the irregularities of the liver
surface, the laparoscopic findings were classified into
three groups: (i) smooth (smooth liver surface or with
limited areas of depression); (ii) irregular (the liver
surface showed increased numbers of interconnected
depressions, possibly resembling ripples or specks); and
(iii) nodular (liver surface with nodular formations)
as reported in our previous study.®® The physicians
in charge explained the purpose and method of the
laparoscopy-guided liver biopsy to each patient, who
gave their informed consent for participation. The crite-
rion of laparoscopic diagnosis of liver cirthosis was the
demonstration of multiple nodular irregularities on the
liver surface.

Histopathological evaluation

Liver biopsy specimens were obtained using a modified
Vim Silverman needle of 2 mm internal diameter
{Tohoku University style, Kakinuma Factory, Tokyo,
Japan), fixed in 10% formalin, and stained with
hematoxylin-eosin, Masson-trichrome, silver impregna-
tion, and periodic acid-Schiff after diastase digestion.
Each specimen used for examination contained more
than six portal areas. Histopathological interpretation of

© 2012 The Japan Society of Hepatology
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Table 1 Characteristics of included patients (n =353)
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Characteristic

Value
Hepatitis B virus Hepatitis C virus All (n=353)
(n=101) (n=252)
Median age (years) 52 (range 23-71) 62 (37-86) 58 (23-86)
Sex (male/female) 70/31 148/104 218/135
Histological diagnosis (METAVIR)
F1 13 5 18
F2 10 14 24
F3 13 12 25
F4 16 26 42
Clinical diagnosis
Child-Pugh A 42 101 143
Child-Pugh B 5 72 77
Child-Pugh C 2 22 24

the specimens was made by experienced liver patholo-
gists who were blinded to the clinical information. Liver
fibrosis was evaluated semiquantitatively according to
the METAVIR scoring system.'® Fibrosis was staged on
a 0~4 scale (FO, no fibrosis; F1, portal fibrosis without
septa; F2, portal fibrosis and few septa; F3, numerous
septa without cirrhosis; F4, cirrhosis).

Viral markers of HCV and HBV

The diagnosis of HCV infection was based on the
detection of serum anti-HCV antibodies and posi-
tive RNA. Anti-HCV antibodies were tested by the
second-generation  enzyme-linked immunosorbent
assay (Abbott Laboratories, North Chicago, IL). HCV
RNA was measured by the Amplicor method (Cobas
Amplicor HCV Monitor test ver. 2.0; Roche Diagnostic
Systems, Tokyo, Japan). HBsAg was tested by radioim-
munoassay (Abbott Laboratories).

MRL

Multiple resonance imaging was obtained from all
patients with a 1.5-T MRI system (Avanto, Siemens-
Asahi Meditec, Tokyo, Japan) using a phased-array coil
for signal detection. All patients underwent transverse
3-D of the liver with fat suppression (volumetric inter-
polated breath-hold examination [VIBE]) sequence in a
single breath hold (18-20 s) at hepatobiliary phase of
20 min after injection of the contrast medium. Breath-
ing was withheld at exhalation. The contrast medium
used was Gd-EOB-DTPA (Primovist; Bayer Schering
Pharma, Berlin, Germany) at a dose of 0.025 mmol/kg
bodyweight (0.1 mL/kg). The MRI parameters were: TR,
4.3 mseq TE, 2.1 msec; flip angle, 15°; parallel imaging
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factor 2 (GRAPPA); slice thickness, 1.5 mm; matrix,
192 % 320; and field of view, 360 mm. 3-D reconstruc-
tions of the liver were rendered with enhanced MRI data
using ZIOSTAION (Zio software, Tokyo, Japan). Various
structures around the liver on the 3-D image were
marked manually and then cut and removed digitally.
Finally, the liver was extracted on the workstation. The
following findings were noted on MRL: (i} irregular liver
surface; (ii) impression of the right ribs; (iii) enlarge-
ment of the lateral segment; and (iv} atrophy of the right
lobe. The MRL findings of the liver surface were classi-
fied into three categories: (i) smooth (essentially
smooth surface of the entire liver or with limited areas
of depression); (ii) partially irregular (several intercon-
nected depressions on the surface mainly in the left lobe
of the liver, with rippled or speckled appearance); and
(iii) diffusely irregular (nodules present on the liver
surface). The patient with diffusely irregular liver surface
was diagnosed as liver cirrhosis.

Statistical analysis

All statistical analyses were performed using the
Statistical Package for Social Sciences software (SPSS,
Chicago, IL, USA).

RESULTS

MRL of the normal liver
IGURE 1 SHOWS the MRL images of the normal
liver. The liver surface irregularities in patients with
normal liver were classified as smooth (n=48) and
partially irregular (n=1), and none showed diffuse
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Figure 1 The image of normal liver by magnetic resonance
laparoscopy: (i) irregularity of liver surface, smooth; (ii)
impression of the right ribs, positive; (iii) enlargement of the

Magnetic resonance laparoscopy 839

irregular pattern. Impression of the right ribs on the liver
was observed in all patients. None of the patients
showed enlargement of the lateral segment or atrophy
of the right lobe.

Comparison of biopsy, laparoscopy and MRL

Figure 2(a-c) shows laparoscopic images and MRL
image of a representative patient with chronic hepatitis
C and fibrosis of F1 stage. The surface findings were
well reproduced on the MRL images compared with
laparoscopy. Although observation of the liver surface
was restricted on laparoscopy, the entire liver surface
was visualized on MRL. The correlation between lap-
aroscopic, MRL and histological findings are shown
in Table 2. The liver surface patterns on laparoscopy
were distributed as follows: smooth, n=13; irregular,
n=20; and nodular, n=19. The liver surface patterns
on MRL were distributed as follows in patients with

lateral segment, negative; and (iv) atrophy of the right lobe,
negative.

HBV: smooth, n=14; partially irregular, n=18; and
nodular, n=20. The liver surface patterns on laparos-
copy were distributed as follows: smooth, n = 5; irregu-
lar, n=25; and nodular, n=27. The liver surface
patterns on MRL were distributed as follows in patients

Figure 2 Comparison of laparoscopy, magnetic resonance laparoscopy (MRL) and biopsy. (a-c) Chronic hepatitis C with
METAVIR score of F1 examined by laparoscopy and MRL. (a,b) The liver surface was smooth on laparoscopy. (¢} On MRL: (i)
irregularity of the liver surface, smooth; (ii) impression of the right ribs, positive; (iii) enlargement of the lateral segment, positive;
and (iv) atrophy of the right lobe, negative. (d-f) Liver cirthosis with hepatitis B virus infection. {d) Needle biopsy findings
incdluded numerous septa without cirrhosis, indicative of score F3 (hematoxylin-eosin staining, original magnification x100). (e}
Examination by laparoscopy showed nodular liver surface, confirming the diagnosis of cirrhosis. (f) Examination by MRL showed
the following features: (i) irregularity of the liver, diffuse irregular; (ii) impression of the right ribs, negative; (iii) enlargement of
the lateral segment, positive; and (iv) atrophy of the right lobe, negative.
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Table 2 Comparison of laparoscopic, multiple resonance laparoscopic and histological findings

Hepatitis B virus patients (n =52}

Surface findings of multiple
resonance laparoscopy

Surface findings of laparoscopy

n Smooth (n = 13) Irregular (n = 20) Nodular (n =19)
Smooth 14 12 2 0
Partial irregular 18 1 17 0
Diffuse irregular (nodular) 20 1 19
Histological findings Surface findings of laparoscopy
(METAVIR)

n Smooth (n=13) Irregular (n = 20) Nodular (n=19)
F1 13 11 2 0
F2 10 2 8 0
F3 13 0 10 3
F4 16 a 0 16

Hepatitis C virus patients {n=57)
Surface findings of multiple Surface findings of laparoscopy
resonance laparosco:
P Py n Smooth (n=5) Irregular (n =25) Nodular (1 =27)
Smooth 8 5 3 0
Partial irregular 23 0 22 1
Diffuse irregular (Nodular) 26 0 0 26
Histological findings Surface findings of laparoscopy
METAVIR

( ) n Smooth (n=5) Irregular (n = 25) Nodular (n =27)
F1 5 4 1 0
F2 14 1 13 0
F3 12 0 11 1
F4 26 ¢ 26

with HCV: smooth, n=_8; partially irregular, n=23;
and nodular, n=26. There were close similarities in
liver surface findings between laparoscopic and MRIL.
Based on the surface findings on laparoscopy, the sen-
sitivity, specificity, positive predictive value and nega-
tive predictive value for the diagnosis of cirrhosis by
MRL were 96%, 100%, 95% and 95%, respectively.
In comparison, the respective values were 86%, 98%,
97% and 91%, respectively, for the diagnosis by histo-
logical examination. These results indicate that MRL is
more accurate than needle biopsy in the diagnosis of
cirthosis.

Changes in MRL findings with progression
of liver fibrosis

Table 3 lists changes in MRL findings with disease pro-
gression. Liver surface irregularities increased with the
progression of liver damage. The impression of the right
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ribs was observed in all livers including normal livers
and those with chronic hepatitis. The incidence of
impression of the right ribs decreased in patients with
cirthosis classified as Child-Pugh A. Furthermore, the
impression of the right ribs disappeared in cases with
advanced drrhosis, namely, patients classified clinically
as Child~Pugh B and C. The enlargement of the lateral
segment was observed in chronic hepatitis with F2 grade
fibrosis and more severe fibrosis. Atrophy of the right
lobe was observed in patients with cirrhosis. The inci-
dence of atrophy of the right lobe increased with the
progression of Child-Pugh classification. All patients
with F4 grade fibrosis were classified as Child-Pugh A,
and the proportion of MRL findings was similar in the
F4 group and clinically diagnosed group of Child-Pugh
A. Figure 3 shows the MRL images for each histopatho-
logical and clinical stage, including changes in the liver
surface.
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Table 3 Proportion of liver surface findings of multiple resonance laparoscopy according to histological and clinical stage

Irregularities of liver surface lmpression of Enlargement of the Atrophy of
the right ribs lateral ent the right lob
Smooth Partial Diffuse irregular . ateral segent @ right fobe
irregular (Nodular)

Hepatitis B virus patients (n = 101)
Histological diagnosis (METAVIR)

F1 (n=13) 92% (12/13) 8% (1/13) 0% (0/13) 100% (13/13) 46% (6/13) 0% (0/13)
F2 (n=10) 20% (2/10) 80% (8/10) 0% (0/10) 100% (10/10) 90% (9/10) 0% (0/10)
F3 (n=13) 0% (0/13) 69% (9/13) 31% (4/13) 100% (13/13) 100% (13/13) 0% (0/13)
F4 (n=16) 0% (0/16) 0% (0/16) 100% (16/16) 88% (14/16) 100% (16/16) 19% (3/16)

Clinical diagnosis .

Child-Pugh A (n = 42) 0% (0/42) 0% (0/42) 100% (42/42) 74% (31/42) 100% (42/42) 19% (8/42)
Child-Pugh B (n = 5) 0% (0/5) 0% (0/5) 100% (5/5) 20% (1/5) 40% (2/5) 80% (4/5)
Child-Pugh C (n=2) 0% (0/2) 0% (0/2) 100% (2/2) 0% (0/2) 0% (0/2) 100% (2/2)

HCV patients (n = 252)

Histological diagnosis (METAVIR)

. F1(n=5) 100% (5/5) 0% (0/5) 0% (0/5) 100% (5/5) 0% (0/5) 0% (0/5)
F2 (n=14) 219% (3/14) 79% (11/14) 0% (0/14) 100% (14/14) 86% (12/14) 0% (0/14)
F3 (n=12) 0% (0/12) 92% (11/12) 8% (1/12) 100% (12/12) 100% (0/12) 0% (0/12)
F4 (n=26) 0% (0/26) 4% (1/26) 96% (25/26) 85% (22/26) 100% (0/26) 12% (3/26)

Clinical diagnosis
Child-Pugh A (n=101)
Child-Pugh B (n=72)
Child-Pugh C (n=22)

0% (0/101)
0% (0/72)
0% (0/22)

9% (9/101)
0% (0/72)
0% (0/22)

919% (92/101)
100% (72/72)
100% (22/22)

83% (84/101)
7% (5/72)
0% (0/22)

100% (101/101)

97% (70/72)
45% (10/22)

13% (13/101)
96% (69/72)
100% (22/22)
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Figure 3 Magnetic resonance laparoscopy images of different stages of liver fibrosis. (a} METAVIR score F1, (b} METAVIR score F2,
{c) METAVIR score F3, (d) cirthosis, Child-Pugh A, (e} cirrhosis, Child-Pugh B, (f) cirrhosis, Child-Pugh C.

Comparison of MRL findings in patients with
HBV and HCV

Table 3 shows proportion of liver surface findings of
MRL in each stage of fibrosis which was diagnosed by
histological examination. Diffuse irregular pattern was
not observed in both HCV and HBV patients with F1
and F2 stage fibrosis. But in HBV patients with F3 stage
fibrosis, higher proportion of diffuse irregular pattern
was observed compare to HCV patients with F3 stage
fibrosis. Almost all liver cirthosis patients showed
diffuse irregular pattern in MRL. In general, the MRL
findings were almost similar in HBV- and HCV-related
chronic liver disease.

DISCUSSION

RLANDO ET AL. reported that evaluation of both

laparoscopy and liver biopsy was useful. In his
study, when the two techniques were considered sepa-
rately, a final diagnosis of cirrthosis was possible in
78.4% by laparoscopy and in 78.8% by biopsy, whereas,
doing both procedures improved the diagnostic yield to
97.7% by decreasing the percentage of false negatives for
each technique,*® Wetzke-Braun e al. also reported that
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diagnostic laparoscopy was more accurate than liver
biopsy in recognizing cirrhosis in patients with chronic
hepatitis C."* These results suggest that laparoscopic
examination of the liver is superior for the diagnosis of
liver cirrhosis compared with liver biopsy. In this study,
comparison of MRL and liver biopsy in the diagnosis of
liver cirthosis showed sensitivity, specificity, positive
predictive value and negative predictive value of 96%
versus 86%, 100% versus 98%, 95% versus 97% and
95% versus 91%, respectively. Furthermore, the surface
findings on MRL could be stratified according to the
laparoscopic findings (Table 2). These results suggested
MRL could evaluate the surface findings of liver in the
same way as laparoscopy.

However, liver biopsy is currently considered as the
gold standard for assessing liver fibrosis, this procedure
has certain problems, though it is in general a safe pro-
cedure. It is an invasive technique with a morbidity rate
of 3% and mortality rate of 0.003%.>'° In addition,
liver biopsy examination carries intra- and interobserver
variability in the staging of liver fibrosis, with sampling
error mainly due to the small size of the harvested speci-
men, which represents at most 1/50 000 of the entire
liver mass.'”””’® In this study, 19 HBV patients and 27



