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Abstract

Intrahepatic cholangiocarcinoma (ICC) arises from the
lining epithelium and peribiliary glands of the intrahe-
patic biliary tree and shows variable cholangiocytic
differentiation. To date, ICC was largely classified into
adenocarcinoma and rare variants. Herein, we propose
to subclassify the former, based on recent progress in
the study of ICC including the gross classification and
hepatic progenitor/stem cells and on the pathological
similarities between biliary and pancreatic neoplasms.
That is, ICC is classifiable into the conventional (bile
duct) type, the bile ductular type, the intraductal neo-
plasm type and rare variants. The conventional type is
further divided into the small duct type (peripheral type)
and large bile duct type (perihilar type). The former
is a tubular or micropapillary adenocarcinoma while
the latter involves the intrahepatic large bile duct. Bile
ductular type resembles proliferated bile ductules and
shows a replacing growth of the hepatic parenchyma.

(4 9
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Hepatic progenitor cell or stem cell phenotypes such as
neural cell adhesion molecule expression are frequently
expressed in the bile ductular type. Intraductal type
includes papillary and tubular neoplasms of the bile duct
(IPNBs and ITNBs) and a superficial spreading type.
IPNB and ITNB show a spectrum from a preneoplastic
borderline lesion to carcinoma and may have pancreatic
counterparts. At invasive sites, IPNB is associated with
the conventional bile duct ICC and mucinous carcinoma.
Biliary mucinous cystic neoplasm with ovarian-like
stroma in its wall is different from IPNB, particularly
IPNB showing cystic dilatation of the affected ducts.
Rare variants of ICC include squamous/adenosquamous
cell carcinoma, mucinous/signet ring cell carcinoma, cl-
ear cell type, undifferentiated type, neuroendocrine car-
cinoma and so on. This classification of ICC may open up
a new field of research of ICC and contribute to the clini
cal approach to ICC.

© 2010 Baishideng. All rights reserved.

Key words: Intrahepatic cholangiocarcinoma; Adeno-
carcinoma; Bile duct; Bile ductule; Intraductal neoplasm

Peer reviewers: Pietro Invernizzi, MD, PhD, Division of In-
ternal Medicine and Hepatobiliary Immunopathology Unit, IR-
CCS Istituto Clinico Humanitas, Rozzano 20089, Milan, Italy;
Ruben Ciria, PhD, Uniersity Hospital Reina Sofia, Department
of Hepatobiliary Surgery and Liver Transplantation, Avennida
Menendez Pidall s/n, Cordoba 14004, Spain

Nakanuma Y, Sato Y, Harada K, Sasaki M, Xu J, Ikeda H.
Pathological classification of intrahepatic cholangiocarcinoma
based on a new concept. World J Hepatol 2010; 2(12): 419-427
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v2/i12/419.htm DOI: http://dx.doi.org/10.4254/wjh.v2.112.419

INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC), a primary malig-
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nant neoplasm of the liver secondary to hepatocellular
carcinoma, arises from intrahepatic biliary epithelia (lin-
ing epithelia and peribiliary glands) and shows a variable
cholangiocytic differentiation'”. Recently, the incidence
of ICC has been increasing worldwide®. ICC is hete-
rogenous in clinical features, genotypes and biological
behaviors depending on anatomical location and his-
tological differentiation. Generally, ICCs are detected and
diagnosed clinically at an inoperative stage and a majority
of them show a poor prognosis, even after surgical resec-
P4 However, some patients show a rather favorable
post-operative course™,

ICC is usually classified into peripheral and hilar types
grossly and histologically into adenocarcinoma and rare
variants' . The former was simply graded into well,
moderately and poorly differentiated adenocarcinomas.
Recently, a new gross classification of ICC has been pro-
posed by the Japanese Study Group of Liver Cancer"".
While ICCs are usually adenocarcinomas, they are he-
terogeneous in their gross and histological features. Re-
cently, much progress has been made in the study of pre-
cancerous and eatly malignant lesions of 1CC in addition
to molecular and genetic characteristics" ", Furthermore,
ICC with hepatic progenitor cell phenotypes has been
proposedm. Interestingly, pathological similarities of ICC
to pancreatic carcinoma have been proposed and biliary
and pancreatic neoplasms are now being studied under
the same concept and terminologym’lsl.

In this review, we propose a new pathological classi-
fication of ICC based on recent progress in the study of
ICC and on the pathological similarities between biliary
and pancreatic neoplasms. First, the anatomy of the in-
trahepatic biliary tree will be briefly described.

tion

ANATOMY OF THE BILIARY TRACT

The biliary tree is dividable into extrahepatic and in-
trahepatic bile ducts. The gallbladder drains into the
extrahepatic bile duct za the cystic duct. The right and
left hepatic ducts and their first to third branches are
collectively called “hilar and perihilar bile ducts”. The
intrahepatic bile ducts, proximal to the right or left hepatic
duct, are classified as intrahepatic large and small bile
ducts". The former are visible grossly and consist of the
first to third branches of right or left hepatic bile ducts.
Peribiliary glands are physiologically distributed around
the large bile ducts and drain into the duct lumen iz their
own conduits. The latter are recognizable microscopically
and consist of septal and interlobular bile ducts. The
interlobular bile ducts are connected to bile ductules.
The septal bile duct is surrounded by a fibrous wall and
is over 100 um in size while the external diameter of
the interlobular bile duct is less than 100 um. These two
bile ducts are accompanied by hepatic arterial branches
of similar size while bile ductules or canals of Hering
are located at the periphery of portal tracts and facing

hepatocytes[1 7
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Chronic inflammatory biliary diseases
Primary sclerosing cholangitis/ Ulcerative colitis
Hepatolithiasis
Liver flukes and other biliary parasite infections
Others

Biliary malformation and developmental disorders
Caroli’s disease
Congenital hepatic fibrosis
Biliary-pancreatic maljunction
Simple, solitary or multiple, hepatic cyst
Polycystic liver
Others

Chronic advanced, non-biliary, liver diseases
Chronic hepatitis/cirrhosis related to HCV and HBV infection
Non-alcoholic fatty liver disease
Others

Thorotrast deposition

EB virus infection

Others

HCV: hepatitis C virus; HBV: hepatitis B virus; EB: Epstein-Barr.

BACKGROUND HEPATOBILIARY LESIONS

OF ICC

While ICCs usually develop in an apparently normal liver,
some are associated with preceding biliary or hepatic di-
seases and various ctiologies (Table 1). ICC may show
characteristic features according to the background biliary
or hepatic lesions™*'**". Chronic inflammation of the
bile ducts with sustained stress on biliary epithelial cells
is reportedly at least partly responsible for the cholan-
glocarcinogenesis in which ICC tends to proliferate and
spread along the affected intrahepatic bile ducts™"?!,
Primary sclerosing cholangitis (PSC) with or without
inflammatory bowel disease, usually ulcerative colitis, is a
common risk factor for ICC in Western countries. Clini-
cally undetected ICCs or precursor lesions are occasionally
encountered in explant livers of these biliary diseases
at liver transplantation. Hepatolithiasis, not rare in the
Far East, is the primary independent risk factor for ICC
and about 7% of patients with hepatolithiasis eventually
develop ICC". Stones of most of these cases belong to
calcium bilirubinate stones although cholesterol stones
also occur. The hepatic lobe or segments containing
stones affected by ICC are atrophic in some cases. The
stone-containing bile ducts show hyperplasia of the lining
epithelium and, not infrequently, premalignant lesions.
Liver flukes, especially O. viverrini and C. sinensis, are risk
factors for ICC"*. The presence of parasites in the bi-
liary tree leads to a chronic inflammatory response and
cellular proliferation of the bile duct epithelium (adeno-
matous hyperplasia) with an increased risk of 1CCP*, As
for biliary malformations and other lesions, ICC may arise
with congenital segmental or multiple dilatation of the
intrahepatic bile ducts (Caroli’s disease) and other biliary
malformations such as choledochal cyst, solitary unilocular

December 27,2010 | Volume 2 | Issue 12 |



Figure 1 Gross features of intrahepatic cholangiocarcinomas. A: Mass
forming type. The carcinoma forms a mass showing compressive growth; B:
Periductal infiltrating type. The carcinoma spreads along the biliary tree (arrow);
C: Intraductal growth type. The carcinoma shows papillary growth in the dilated
intrahepatic bile duct lumen (arrow).

or multiple liver cysts and congenital hepatic fibrosis'***".,

Non-biliary cirrhosis, particularly hepatitis virus-related
cirrhosis, is recognized as part of the background of
ICC. Hepatitis C virus (HCV) infections may also play a
role in the development of ICC. In Japan, patients with
cirrhosis due to HCV have about a 1000-fold higher risk
of developing ICC than the general population'”, The
development of ICC seems also to be related to hepatitis
B virus (HBV) infections in areas where both HBV and
ICC are endemic. Such ICCs are usually of a smaller,
mass-forming type when clinically detectable. Hepatic
progenitor cells (HPCs) or stem cells may be involved in
cholangicarcinogenesis in liver cirrhosis.

GROSS FEATURES OF ICC
ICC is grossly classifiable into mass-forming (MF), pe-
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Table 2 Classification of intrahepatic cholangiocarcinoma

Traditional classification of
ICC
Conventional type (bile duct type type) Adenocarcinoma
Small bile duct type (peripheral type) Well differentiated
Well differentiated Moderately differentiated
Moderately differentiated Poorly differentiated
Poorly differentiated
Large bile duct type (perihilar type)
Well differentiated
Moderately differentiated
Poorly differentiated
Bile ductular type
Intraductal type
Papillary type
Tubular type
Superficial spreading type
Rare variants

New classification of ICC

Rare variants

Squamous/adenosquamous cell type Squamous/adenosquamous

cell type
Mucinous/signet ring cell Mucinous/signet ring cell
Clear cell type Clear cell type
Undifferentiated type Undifferentiated type
Lymphoepithelial type Lymphoepithelial type
Others Others

ICC: intrahepatic cholangiocarcinoma.

riductal infiltrating (PI) and intraductal growth (IG) ty-
pes“’M]. The MF type presents as a nodular lesion or mass
in the hepatic parenchyma and the carcinoma is gray to
gray-white, firm and solid (Figure 1A). The PI type shows
spreading of the carcinoma along the portal tracts with
stricture of the affected bile ducts and dilatation of the
peripheral bile ducts (Figure 1B). The IG type presents as
a polypoid or papillary tumor within the variably dilated
bile duct lumen (Figure 1C) and represents the malignant
progression of an intraductal papillary neoplasm of the
bile duct (IPNB) (see below). ICC arising in the intrahe-
patic small bile ducts or bile ductules is usually of the MF
type while ICC arising in the intrahepatic large bile ducts
(perihilar ICC) can be of the PI, MF or IG type. ICC
cases involving the hepatic hilum show cholestasis, biliary
fibrosis and cholangitis of the intrahepatic bile ducts. MF
type ICCs can be quite large. Central necrosis or scarring
is common and mucin may be visible on cut surfaces. The-
se three gross types can ovetlap in a variable combination.
At more advanced stages, ICCs consist of variably sized
nodules, usually coalescent.

CLASSIFICATION OF ICCs BASED ON
GROSS AND HISTOLOGICAL FEATURES

ICCs are pathologically classifiable into conventional
ICCs (bile duct ICCs), bile ductular ICCs, intraductal

neoplasms and rare variants (Table 2).

Conventional ICCs (bile duct ICCs)

This type is an invasive adenocarcinoma with features of
variable sized tubular structures, acini formation and pap-
illary configurations (Figure 2A, B). It is generally a well to
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Figure 2 Conventional type (bile duct type) of intrahepatic cholangiocarcinoma. A: Small bile duct type. A well-differentiated tubular adenocarcinoma with a
desmoplastic reaction is found; B: Large bile duct type. The carcinoma spreads along the bile duct lumen and infiltrates the bile duct wall. L: bile duct lumen.

moderately differentiated adenocarcinoma composed of
columnar to cuboidal epithelial cells with clear or slightly
granulat, cosinophilic cytoplasm, resembling cholangio-
cytes (biliary epithelial cells). In addition, poorly differenti-
ated adenocarcinoma is admixed, infrequently and shows
solid, cord-like or cribriform growth with variable cellular
and nuclear pleomorphism. Coagulative necrosis is not in-
frequent in the central parts. Mucin production is found in
secretions of the lumen, along the luminal sides and in the
cytoplasm of carcinoma cells. A prominent desmoplastic
reaction is usually found and inflammatory reactions are
variable. The adenocarcinoma frequently shows portal
venous and lymphatic infiltration. Against the hepatic
parenchyma, carcinoma may show a compressive growth
although no evident fibrous capsule is formed. There are
also frequent bud-like growths of the carcinoma into the
surrounding liver and there is direct contact or very local
admixture between hepatocytes and carcinoma cells at the
interfaces. The intervening hepatic parenchyma contain-
ing the portal tracts is forcibly incorporated secondarily
between or into the carcinoma tissues. The carcinoma
also shows invasion between hepatocytes, appearing to
infiltrate the sinusoid. Replacing infiltration of carcinoma
is also found variably (see below). Grossly, this ICC is of
a MF or MF + PI type or shows multinodular growth in
advanced cases.

This ICC is largely dividable into two types according
to the level or size of the affected bile ducts: small bile
duct and large bile duct types.

Small bile duct type (peripheral type): Grossly, this
ICC s of the MF type. Histologically, a variable sized tubu-
lar or acinar adenocarcinoma with variable desmoplastic
and inflammatory reactions shows a nodular growth and
invades the parenchyma with a replacing or compressive
pattern (Figure 2A). A small solid cord-like or cribriform
pattern is also found in variable combinations. The carci-
nomatous acini or tubules are usually larger than those of
non-neoplastic small bile ducts such as intetlobular bile
ducts and septal bile ducts.

Large bile duct (perihilar type): Grossly, this ICC be-
longs to the PI type and PI with MF type. Histologically,
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the cancerous large bile duct shows luminal spread of
carcinoma with papillary, micropapillary and flat configu-
rations along the affected lumen and also variable invasion
of carcinoma cells with a tubular, acinar or micropapillary
configuration into the duct wall and surrounding patren-
chyma (Figure 2B). Peribiliary glands and their conduits
are also frequently involved. The luminal surface of the
cancerous bile duct is not infrequently ulcerated. In the
invasive area, particularly in the parenchyma, their histolo-
gies are variable and some resemble small bile duct ICCs.
This type of ICC might have arisen from the intrahepatic
large bile duct (perihilar intrahepatic bile ducts) includ-
ing the peribiliary glands although some cases might have
arisen from the small bile duct ICC with the secondary in-
volvement of intrahepatic large bile ducts (cancerization).

Bile ductular type

Grossly, this carcinoma belongs to the MF type. The ad-
enocarcinoma cells show well-differentiated, small tubular
or acinar patterns or cord-like structures with a slit-like lu-
men and arborization™. They resemble bile ductules or
proliferating reactive bile ductules (Figure 3A, B). A small-
cord like pattern with spindle cell features is occasionally
predominant. The size of carcinoma cells is usually small
in comparison to conventional ICC. Deposition of colla-
gen fiber around or along the carcinoma cells is significant
and carcinoma cells are squeezed here and there. Ghost-
like features are found, a fibrous or hyalinous configura-
tion reflecting pre-existing hepatic lobules or regenera-
tive nodules is recognizable and fibrotic portal tracts are
distributed regularly within the tumor. Portal vein tumor
emboli are absent or else rather focal. This type is chat-
actetized by widespread replacing growth which is chat-
acterized by (1) direct contact between hepatocytes and
carcinoma cells; (2) no or minimal compression of the sur-
rounding hepatic parenchyma by the carcinoma cells; and
(3) the apparent replacement of hepatocytes by carcinoma
cells®,

Neural cell adhesion molecule (NCAM), a marker of
HPCs?, is characteristically detected mainly on the cell
membranes and to a lesser degree in the cytoplasm®,
Normal and mature bile ducts of various sizes in non-
tumorous liver are negative for NCAM while reactive
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Figure 3 Bile ductular type of intrahepatic cholangiocarcinoma. A: A small
ductular carcinoma grows in fibrous stroma; B: The central part of the tumor
shows a dropping-out of carcinoma cells with empty spaces; C: Ductal plate
malformation type.

proliferated bile ductules in diseased livers are positive for
NCAM.

Ductal plate malformation variant: This type mimics
ductal plate malformation (DPM) which is found in Caroli’
s disease or congenital hepatic fibrosis. That is, the carci-
noma shows an irregular configuration and lumen lined by
one columnar or cuboidal layer of carcinoma cells (Figure
3C). A central dot or bridge is found microscopically. A
fibrous stroma is sometimes found. They look benign
although they show infiltrative growth and occasionally
venous invasion. These features are not infrequently ad-
mixed with the bile ductular type while some cases are
exclusively composed of such DPM features.

Intraductal neoplasm of the intrahepatic bile duct
This type is usually seen in the intrahepatic large bile ducts
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and similar lesions are seen in the hilar and extrahepatic
bile ducts.

Intraductal papillary neoplasm of bile duct: This tu-
mor shows a spectrum from preneoplastic lesion to non-
invasive and invasive carcinoma, and intraductal papill-
ary neoplasm of bile duct (IPNB) of carcinoma corres-
ponds to the IG type of ICC grossly. In the dilated bile
duct it shows papillary growth which is grossly visible®.
Histologically, it is a well-differentiated papillary adeno-
carcinoma which is invasive or non-invasive while some
IPNB can be recognized as a preneoplastic borderline
lesion (Figure 4A). Intraductal, intraepithelial spread in-
volving the large bile ducts and even small bile ducts is
found variably and constantly. IPNB shows four pheno-
types: pancreatobiliary type, oncocytic type, gastric type
and intestinal type!"**. Clinicopathologically, IPNB is
classified into a papillomatosis or papilloma type, intra
ductal growing type, mucin-producing type and cystic
typel"**1. The bile duct affected by IPNB shows variable
dilatation, not infrequently cystic dilatation. Such cystic
type should be differentiated from a hepatobiliary muci-
nous cystic neoplasm (MCN) in which an ovarian-like
stroma is detectable in the wall of the cystic tumot!"**?
and the mucin-producing type shows massive mucin secre-
tion. At the invasion site of IPNB, mucinous carcinoma
and more frequently conventional tubular adenocarcino-
ma are found™.

Intraductal tubular neoplasm of bile duct: This type
is occasionally encountered in the intrahepatic large bile
duct™. The neoplasm is mainly composed of a tubular
component and focally papillary. Mucin secretion is us-
ually absent and appears as a cast in the slightly dilated bile
duct (Figure 4B, C). Intraductal tubular neoplasm of bile
duct ITNB) also shows a spectrum from preneoplastic
lesion to carcinoma, even within the same tumor.

Supetficial spreading type: This is a rare type of 1CC
showing extensive spread along the luminal surface of the
intrahepatic bile duct. While the affected bile ducts show
a variable luminal dilatation, the grossly visible nodular or
tumor lesions are usually not identifiable or conspicuous
in the lumen of the affected biliary tree (Figure 4D). Rare-
ly, they show invasion into the surrounding tissue.

Variants
The following variants are only occasionally encountered.

Squamous and adenosquamous cell carcinoma: Both
squamous and adenocarcinoma components are mixed,
isolated or adjoining in adenosquamous cell carcinoma.
Squamous carcinoma is usually well-differentiated and
keratinizing, Chronic cholangitis such as hepatolithiasis
or liver fluke infection is a common background to these
variants and this variant is also reported to occur in poly-
cystic liver.

Mucinous catcinoma/signet ring cell catcinoma: In
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mucinous carcinoma, carcinoma cells are floating within
a mucinous lake. This type is usually found at the invasive
parts of IPNB (Figure 5A, B). Signet ring cell carcinoma
is occasionally encountered in mucinous catcinoma ot con-
ventional ICC but pure signet ring cell carcinoma is extre-
mely rare.

Clear cell carcinoma: This type is occasionally expe-
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Figure 4 Intraductal type of in-
trahepatic cholangiocarcinoma.
A: Intraductal papillary neoplasm
of bile duct. Neoplastic biliary epi-
thelia show papillary growth in the
dilated lumen. There is no invasion
into the duct wall; B: Intraductal tu-
bular neoplasm of bile duct. The neo-
plasm (a) appears as a cast in the
dilated lumen; C: Intraductal tubu-
lar neoplasm of bile duct. The tubu-
lar pattern is predominant. Higher
magnification of Figure 4B; D: Su-
perficial spreading type. Carcinoma
cells show intraductal, intraepithelial
growth with a micropapillary con-
figuration and intraglandular invo-
Ivement. There is no evident invasion
into the duct wall.

Figure 5 Variants of intra-
hepatic cholangiocarcino-
ma. A: Mucinous type and
carcinoma cells are floating in
a mucinous lake; B: Mucinous
type and in the invasive part
of the intraductal papillary
neoplasm of bile duct, muci-
nous changes are found; C:
Clear cell type and clear cell
carcinoma shows a tubular
pattern with a desmoplastic
reaction; D: Sarcomatous type
and spindle cell sarcoma gro-
ws medullary.

rienced. Tubules or acini composed of columnar epithelial
cells with abundant clear cytoplasm and eccentric small
nuclei are predominant (Figure 5C). Other histologies of
adenocarcinoma such as micropapillary or tubular con-
figuration are focally encountered in this type.

Undifferentiated carcinoma: This carcinoma is he-
terogeneous in its histology and has several subcategories.
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Coagulative necrosis is frequently seen. Lymphatic or
portal venous emboli are frequent. (1) Sarcomatous ty-
pe: Spindle cell sarcoma type is common and spindle
shaped sarcomatous cells grows medullary (Figure 5D)
and these cells express epithelial phenotypes variably.
Adenocarcinoma or cord-like growth is usually admixed
focally. When a more mature sarcomatous component
such as osteosarcoma or angiosarcoma is found in addi-
tion to the adenocarcinoma, carcinosarcoma of the liver
or biliary tract is the preferred term; (2) Anaplastic type:
Pleomorphic carcinomas with loose cell adhesion are one
example and anisocytotic carcinoma cells grow with cord
or nest-like patterns. Cohesive carcinoma cell nests with-
out glandular differentiation occur here and there. Giant
cells are mingled with the carcinoma. Growth may be
medullary and no fibrous stroma is found.

Lymphoepithelioma-like carcinoma: Carcinomas with
features of undifferentiated tumors and intense lymphoid
stroma are classified as lymphoepithelioma-like carcino-
mas (LELCs). This type is reported in the liver. Like naso-
pharyngeal carcinoma, most LELC are strongly linked to
Epstein-Barr virus (EBV)P. The role of EBV implicated
in the cholangiocarcinogenesis is not fully delineated but
a strong lymphoplasmacytic response to these neoplasms
characterizes most of these lesions. The prognosis of
LELC-type ICC seems to be better than that for conven-
tional ICC.

Neuroendocrine type: Most cases reported so far are
adenocarcinomas accompanying a neuroendocrine compo-
nent positive for chromogranin A and/or synaptophysin.
The neuroendocrine component is usually a well-differen-
tiated neuroendocrine carcinoma (low grade malignancy)
or poorly differentiated neuroendocrine carcinoma (high
grade malignancy). Histologically, the adenocarcinoma
is usually located at the surface of the tumor and the ma-
jority of the stromal invasion involves the neuroendocrine
component.

DISCUSSION

ICC has been usually classified grossly into peripheral
and hilar types and histologically into well, moderately
and poorly differentiated adenocarcinomas and rare vari-
ants' . Herein, we propose a new histopathological cla-
ssification of ICC based on the recent studies of ICC in-
cluding the gross classification of ICC and on the patho-
logical similarities between pancreatic and biliary neo-
plasms“’s’M]. That is, ICC is largely classified histologically
into four categories: a conventional (bile duct) type, a
bile ductular type, an intraductal neoplasm type and rare
variants.

Conventional ICC is further classified into small and
large bile duct types. The former is characterized by a
mass forming tumor grossly with or without involvement
of the small bile ducts and the latter by evident cancerous
large bile duct(s) showing periductal infiltration grossly.
However, the differentiation of these two types is occa-
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sionally arbitrary, particularly in advanced cases, because
the small bile duct type may secondarily involve the large
bile duct type (cancerization) appearing as the large bile
duct type of ICC and the large bile duct often shows a
mass around the cancerous large bile duct at progressive
stages.

Bile ductular ICC is proposed based on morphological
similarities to proliferating and reactive bile ductules whi-
ch frequently present with features of HPCs™. There is
extensive replacement of hepatocytes of hepatic lobules
or regenerative nodules by infiltrating carcinoma cells.
Recent studies of biliary pathology show that HPCs,
which exist in bile ductules and/or canals of Hering, can
differentiate into hepatocytes and cholangiocytes and
are activated in most chronic liver diseases. Interestingly,
HPCs are potential targets for carcinogenesis and, even-
tually, primary liver tumors with HPC features may deve-
lop and such neoplasms may correspond to this type of
I1CC.

Intraductal neoplasm of the bile duct is a new category
of intrahepatic biliary neoplasm and is classified into three
types: IPNB, ITNB and intraductal superficial spreading
type. IPNB is now being accepted as a counterpart of
intraductal papillary mucinous neoplasm (IPMN) of the
pancreasm and IPNB and IPMN share many features such
as four types of phenotypes. At present, a majority of
IPNB is regarded as the IPMN of main pancreatic duct
type. Biliary mucinous cystic neoplasm (biliary MCN)
is characterized by an ovarian-like stroma in the wall of
the cystic neoplasm[l4’26]. This type of neoplasm usually
lacks luminal communication with the bile duct lumen.
These points are used for the differentiation of this tu-
mor from cystic IPNB. ITNB is only rarely reported and
is characterized by a cast-like growth in the dilated duct
lumen. ITNB may also correspond to the pancreatic co-
unterpart, intraductal tubular neoplasm of the pancreas
(adenoma or carcinoma). Several cases of intraductal, su-
perfical spreading ICC are being reported and a detailed
analysis of this type is mandatory.

The biliary tree and pancreas are closely located anato-
mically and share several physiological functions. Both
derive from the foregut at almost the same time and re-
cent studies using animals revealed that they show plasti-
city to each other during development!!. Experimental
studies using animals suggest that the biliary tract shows
some potential for pancreatic differentiation. There are
peribiliary glands around the biliary tract in humans and
these glands drain into the bile duct lumen. Interestingly,
small amounts of pancreatic exocrine acini are intermin-
gled with these glands, raising the possibility that these
glands may be abortive pancreatic exocrine acini which
are prevented from differentiation into fully exocrine pan-
creatic acini in humans.

In this context, the biliary pathology is being consi-
dered given the similarities between the biliary tract and
pancreasm. IgG4-related sclerosing cholangitis and auto-
Immune pancreatitis is one examplep()"m. Mucinous cystic
neoplasm is also reported to develop in the pancreas and
along the hepatobiliary system. In addition, advanced cho-
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langiocarcinoma and preneoplastic or early intraepithelial
neoplasms of the biliary tract show similar morphological
or genetical changes to their pancreatic counterparts®,
That is, invasive duct carcinoma of the pancreas and con-
ventional ICC of large bile duct type share many bio-
logical and clinical features. In addition, similar intrae-
pithelial neoplasms are also reported in the biliary tract
and pancreas: biliary intraepithelial neoplasm (BilIN) and
pancreatic intraepithelial neoplasm (PanIN)">*", BilIN
and PanIN are followed by conventional invasive duct
adenocarcinoma. In this context, conventional ICC of
large bile duct type can be regarded as a “bilio-pancreatic
duct adenocarcinoma” along with extrahepatic and hilar
cholangiocarcinomas as well as invasive ductal adenocar-
cinomas of the pancreas.

CONCLUSION

Based on recent progress in ICC pathology, including the
gross classification of ICC and the similarities between
biliary and pancreatic neoplasms, ICC was pathologically
classified into a conventional (bile duct) type, a bile duc-
tular type, an intraductal type and rare variants. The con-
ventional type was further divided into small bile duct
type (peripheral type) and large bile duct type (perihilar
type). This new classification of ICC proposed here needs
extensive discussions at an international consensus meet-
ing and clinical and practical applications, especially a cot-
relational study with TNM staging and prognostic study.
This classification may also lead to a novel approach for
research of ICC.
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Abstract

Hepatic hemangiomas are congenital vascular malfor-
mations, considered the most common benign me-
senchymal hepatic tumors, composed of masses of
blood vessels that are atypical or irregular in arran-
gement and size. Hepatic hemangiomas can be divided
into two major groups: capillary hemangiomas and
cavernous hemangiomas These tumors most frequently
affect females (80%) and adults in their fourth and fifth
decades of life. Most cases are asymptomatic although
a few patients may present with a wide variety of cli-
nical symptoms, with spontaneous or traumatic rup-
ture being the most severe complication. In cases of
spontaneous rupture, clinical manifestations consist of
sudden abdominal pain, and anemia secondary to a
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haemoperitoneum. Disseminated intravascular coagulo-
pathy can also occur. Haemodynamic instability and
signs of hypovolemic shock appear in about one third
of cases. As the size of the hemangioma increases, so
does the chance of rupture. Imaging studies used in
the diagnosis of hepatic hemangiomas include ultra-
sonography, dynamic contrast-enchanced computed
tomography scanning, magnetic resonance imaging,
hepatic arteriography, digital subtraction angiography,
and nuclear medicine studies. In most cases hepatic
hemangiomas are asymptomatic and should be followed
up by means of periodic radiological examination. Sur
gery should be restricted to specific situations. Ab-
solute indications for surgery are spontaneous or trau
matic rupture with hemoperitoneum, intratumoral blee
ding and consumptive coagulopathy (Kassabach-Merrit
syndrome). In a patient presenting with acute abdo
minal pain due to unknown abdominal disease, sponta
neous rupture of a hepatic tumor such as a hemangio
ma should be considered as a rare differential diagno-
sis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatic hemangiomas are congenital vascular malforma-
tions, considered the most common benign mesenchymal
hepatic tumors, composed of masses of blood vessels
that are atypical or irregular in arrangement and size'’.
Malignant transformation is extremely rare. They are of-
ten diagnosed as incidental findings on imaging studies of
the abdomen during exploratory surgeriesm. It is estimated
that about 20% of the general population present hepatic
hemangiomas, and the prevalence in autopsy studies rang-
es between 0.4%-7.4%" 7. These tumors most frequently
affect females (80%) and adults in their fourth and fifth
decades of life™*".

The hepatic hemangiomas are often solitary although
multiple lesions may be present in both hepatic lobes in
up to 40% of the patients. Their size varies from a few
millimeters to over 20 cm. Those lesions larger than 5 cm
are reported as giant hemangiomas. Most cases are asymp-
tomatic (especially when smaller than 4 cm), but a few
patients may present a wide variety of clinical symptoms
with spontaneous or traumatic rupture being the most se-
vere complication. This has a catastrophic outcome if not
promptly managed”, and is the reason why correct diag-
nosis and management are extremely important[S]. A study
by Jain ¢f a/ indicated that the operative mortality rate of
ruptured lesions is around 36.5%'".

The first case of spontaneous rupture of a hepatic
hemangioma was described by Van Haefen in an autopsy
in 1898"™. In 1961, Swell and Weiss reviewed 12 cases of
spontaneous rupture of hemangiomas from literature and
reported the mortality rate to be as high as 75%".

Bleeding of spontaneous rupture is a severe compli-
cation in liver diseases, as its clinical signs are not usually
specific. The risk of rupture is generally considered to be
one reason for performing surgical resection of the hem-

anoi 191
gloma’ .

CLASSIFICATION

Hepatic hemangiomas are classified as primary benign
vascular tumots of the liver, and can be divided into two
major groups: (1) capillary hemangiomas, generally pe-
ripheral, small, and sometimes multiple; and (2) cavernous
hemangiomas, which are rarer and larger, also known as
glant hemangiomas when larger than 4-5 cm. Occasionally
these can reach up to 20-30 cm'”, as seen in Figures 1 and 2.

EPIDEMIOLOGY

According to the case report and literature review by
Vokaer ef al”, since 1898 when Van Haefen desctibed the
first case of spontaneous rupture of a liver hemangioma,
only 33 cases of ruptured hemangioma in adults have
been reported in the literature. Spontaneous rupture of
this tumor is an uncommon complication, representing
1%-4% in Jain’s case series (spontaneous rupture with
hemoperitoneurn)m and 2.9% in the study of Chen ez al’
(a study of 70 cases admitted from 1992-2001 with spon
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Figure 1 Computed tomography scan of a huge liver cavernous heman-
gioma compromising the right liver lobe.

Figure 2 Intraoperative finding of a huge liver cavernous hemangioma com-
promising the right liver lobe.

taneous liver rupture including primary liver cancer, cirr-
hosis, liver adenoma, secondary liver cancer and liver he-
mangioma as causes of rupture). Treatment methods for
spontaneous liver rupture in these 70 patients were suture
in 17 (24.3%), packing in 7 (10%), ligation of hepatic
artery in 23 (32.9%), hepatic artery chemoembolization in
2 (2.9%) and hepatic partial resection in 40 (57.1%)". Jain
¢t al described a mortality rate ranging from 60% to 75%
for spontaneous rupture with an operative mortality rate
from this complication of 36.4%!".

Yamamoto ¢/ al researched 28 cases of spontancous
rupture of hepatic hemangiomas (19 adults and 9 chil-
dren), and reported that surgical treatment was carried out
on 20 patients, of whom only 5 survived. The ruptured
tumors ranged in size from 3 to 25 cm, many of them lo-
cated on the surface of the liver"”.

Corigliano ef a/ reviewed 27 of 32 cases reported in
the literature up to 2003, and indicated that 16 (84.2%) of
19 tumors were giant hemangiomas (range 6-25). Twenty-
two (95.7%) underwent surgery (13 resections, 5 sutures,
4 tamponade). Three (23%) of 13 resected patients had
died. Among the sutured patients, 2 died (40%) as well
as 3 (75%) of the 4 patients who underwent tamponade.
The mortality rate of all surgery patients researched by
Corigliano ez al™ was 36.4% (8/22), as noted by Jain ez
alin their literature review.
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ETIOLOGY

Some authors believe that hepatic hemangiomas are
congenital hamartomatous lesions of the liver that grow
silently over the years'”, No genetic or familial mode of
inheritance has been cleatly described, although Moser ¢# a/
reported on a large family of Italian origin in which 3
female patients in 3 successive generations had large sym-
ptomatic hepatic hemangiomas'

Several pharmacologic agents have been postulated
to cause tumor growth. Steroid therapy, estrogen therapy
and pregnancy can increase the size of an already existing
hemangioma. Experimental studies have revealed that
estrogens augment endothelial cell proliferation, migration
and organization into capillary-like structures. I vitro, they
promote the proliferation of the endothelial cells of the
hemangioma and also work synergistically with vascular
endothelial growth factor!". In another study, Xiao des-
cribed that hemangiomas have estrogen receptors, an indi-
cation that these tumors may be a target tissue for estro-

Spitzer et al studied prospectively 94 women with
hepatic hemangiomas over a petiod of 7.3 years and no-
ticed an increase in the size of the lesions in women who
received hormonal therapy -23% »s 10% in control sub-
jects'”. Although several possibilities have been described,
the exact etiology still remains unknown.

CLINICAL MANIFESTATIONS

Hepatic hemangiomas are mainly asymptomatic, although
they can induce intermittent right upper quadrant pain
related to focal necrosis or pain from capsular distension
as the tumor grows. Thrombosis, infarction, hemortrhage
into the lesion and compression of adjacent structures are
other possible causes of pain. Giant hemangiomas can
also cause biliary colic, obstructive jaundice, and gasttic
outlet obstruction'’.

Spontaneous hepatic hemorrhage is an uncommon
condition, and in the absence of anticoagulant therapy or
trauma, it frequently occurs as a consequence of hepato-
cellular carcinoma, hepatic adenoma ot in a few cases, of
spontaneous rupture of a cavernous hemangioma'”

In cases where spontaneous rupture occurs, clinical
manifestations consist of sudden abdominal pain, and ane-
mia secondary to a hemoperitoneum. Disseminated intra-
vascular coagulopathy can also occur®”, Hemodynamic
instability and signs of hypovolemic shock appear in
about one third of cases"”. The global mortality of rup-
ture is approximately 35%, and it seems to be related to
the size of the lesions. As the size of the hemangioma
increases, so does the chance of rupture®™, especially if
the tumor is located on the surface of the liver and shows
extrahepatic growth. If the patient receives steroid therapy
for a coexisting disorder, the chance of rupture is even
higher[ﬂ.

The clinical presentation of liver hemangioma in pre
gnancy does not differ from the same mass in a non-pre
gnant woman. Laboratory studies usually show some an
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clevation of transaminases, bilirubin and alkaline phos-
phatase even in asymptomatic cases. The rupture of a small
hemangioma may lead to serious intra-abdominal hemo
rrhage. In fact, liver hemangiomas during pregnancy are
potentially serious lesions, especially as their rupture dur
ing labor can precipitate an hemorrhagic shock!” .

DIAGNOSTIC TOOLS

Imaging studies used in the diagnosis of hepatic heman-
giomas include ultrasonography, dynamic contrast-enhan-
ced computed tomography (CT) scanning, magnetic
resonance imaging (MRI), hepatic arteriography, digital
subtraction angiography, and nuclear medicine studies'".

Ultrasonography is commonly used as an initial diag-
nostic tool as it is widely available and inexpensive. He-
mangiomas are seen as sharp edged hyperechoic lesions
with clear borders (when small, they are strongly hypere-
choic) although in cases with hemorrhage, fibrosis and
necrosis, their appearance may be different!™'*". The
addition of color Doppler provides qualitative and quan-
titative data and increases the sensitivity and specificity of
the test. In general, the finding on ultrasonography of a
suspected hemangioma should be diagnostically integrated
with CT scan or MRI to ensure a correct diagnosis.

Dynamic contrast-enhanced CT scanning, especially
triple phase CT with delayed imaging, is preferred (Figure
1). In this exam, hemangiomas are typically hypodense
on precontrast imaging; in the arterial phase there may
be enhancement of the peripheral portions of the lesion
while the center of the lesion remains hypodense™'”. In
cases which may can be diagnosed conclusively by US
and CT, MRI may provide more specific diagnostic fea-
tures (Figures 3A and B), with a sensitivity upwards of
90%""!. The lesions have markedly high signal intensity
on T2 weighted images and a specific dynamic contrast
enhancement pattern (in a fashion similar to that seen on
cn!', T1-weighted images have low signal density"?",

Giant cavernous hemangiomas may exhibit internal
fluid levels on MRI and CT scan, because of the slow
blood flow through the tumor that allows separation of
the blood cells.

When hemangiomas are ruptured, radiological findings
reveal hemoperitoneum and heterogeneous hepatic mass.
Intraperitoneal clots may also be identified near to the site
of the bleeding'"”.

Nuclear medicine studies include single-photon emi-
ssion computerized tomography (SPECT) using Tc-99m
pertechnetate-labeled RBCs. SPECT is more specific than
MRI, but less sensitive. Some authors consider SPECT to
be the standard diagnostic tool. However, the test may
miss some lesions and it is unfortunately not available at
all medical centers”*?.

Arteriography is an invasive modality that can be use-
ful to diagnose some hepatic hemangiomas that are cha-
racterized by early opacification or irregular areas or lakes
with persistence of contrast long after arterial emptying.
The hemangioma may appear as a C-shaped lesion with
an avascular center’ .
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In a retrospective study of 27 patients with 35 heman-
giomas De Franco et a/ compared the diagnostic capabi-
lities of ultrasonography, Doppler color ultrasonography,
dynamic CT scanning and MRI. The results were as
follows: ultrasonography -46% sensitivity; combined color
Doppler ultrasonography and B-mode -60% sensitivity;
T2-weighted MRI -96% sensitivity; gadolinium enchanced
MRI with dynamic CT scanning -100% sensitivitymj.

Diagnostic accuracy diminishes in all imaging moda-
lities when lesions are smaller than 2 cm in diameter. In
these cases, MRI and 99mTc-RBC SPECT are the most
accurate radiological methods for establishing a diagnosis.

In some cases the hemangioma may be a differential
diagnosis of a hepatic mass. Liver biopsy is contrain-
dicated in most cases because of an increased risk of hem
orrhage. In cases where a small liver lesion must be dif-
ferentiated from hepatocellular carcinoma, either percu-
taneous or laparoscopic liver biopsy may be reasonable.
However, over the years, hepatologists and surgeons have
been increasingly resistant to biopsy in the vast majority
of cases. Biopsy should be used only when radiologic
studies and alpha fetoprotein testing are inconclusive.

TREATMENT

The treatment of hepatic hemangioma should be decided
based on the size and location of the tumor”. Small he-
mangiomas (< 4 cm) can be managed by observation and
as, in most cases, hepatic hemangiomas are asymptomatic
they should be followed up by means of periodic radio-
logical examination. Surgery should be restricted to speci-
fic situations.

Absolute indications for surgery are spontaneous or
traumatic rupture with hemoperitoneum, intratumoral
bleeding and consumptive coagulopathy (Kassabach-Me-
rrit syndrome). Rupture of a hemangioma with hemo-
peritoneum is a dreadful situation and often fatal if not
promptly managed. Persistent abdominal pain, obstructive
jaundice, portal hypertension, superficial location of tu-
mors larger than five cm with a risk of trauma, pain and
uncertain diagnosis are all relative surgical indications™*".
The proposed surgical procedures for the treatment of
liver hemangioma are as follows: (1) anatomic, nonana-
tomic resection, enucleation (the procedure of choice to
treat giant hemangiomas, especially in superficial lesions
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Figure 3 Magnetic resona-
nce imaging of hemangio-
ma. A: Right lobe; B: Left lobe.

but should be discouraged for intrahepatic lesions because
of large scale bleeding. This procedure has a major advan-
tage when compared to hepatectomy, the greater preser-
vation of the parenchyma), ligation of the hepatic artery
(in cases where it is not possible to remove the tumor, but
its benefit is suspicious); (2) selective portal vein emboliza-
tion (reduces the size of the lesion when the tumor is too
big to be removed,); and (3) liver transplantation.

Spontaneous rupture of a liver hemangioma is chal-
lenging because it is considered a life threatening situation.
Conservative treatment runs the risk of hypovolemic sh-
ock, and aggressive surgical treatment is associated with
a high mortality risk. Surgical haemostatic methods such
as packing, hepatic artery ligation and hepatic suture may
be helpful to contain the bleeding in cases of ruptured he-
mangiomalsj.

Surgical resection and enucleation are considered the
treatments of choice. The size and location of a lesion are
decisive when the surgeon has to determine whether to
perform either a formal segmental resection or an enucle-
ation. Both procedures are typically performed by an
open approach although laparoscopy can be both safe and
well tolerated in some cases. Lesions of massive or diffuse
nature, proximity to vascular structures and pre-existing
comorbidities are limiting factors to surgical resection. In
the absence of tumor promoting factors such as estrogen
therapy, hemangiomas rarely recur after resection'".

Recent studies have emphasized the use of transcath-
eter hepatic arterial embolization (TAE) in the effective
treatment of larger symptomatic hemangiomas, for those
at risk of bleeding and before exploratory laparotomy
to treat patients with a hemorrhagic hemangioma. It can
significantly improve outcome in such patients“bj. TAE as
an alternative to surgery is still controversial because of
the risk of ischemia, infection, abscess ot intra abdominal
bleedinglsj.

The successful use of TAE before surgery of a rup-
tured hemangioma was first reported by Yamamoto ez a/
in 1991°. A significant improvement in coagulative factors
and a decrease in intraoperative blood loss was observed
by Suzuki ¢t a/ in patients with consumptive coagulopathy
related to intravascular coagulation who were treated with
preoperative TAE",

Radiofrequency ablation (open or laparoscopic) has
been successfully used to improve abdominal pain in sym-
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ptomatic hemangiomas. Other procedures such as radio-
therapy should be reserved for poor candidates for sur-
gery. It can produce regression of the hemangioma with
minimal morbidity.

Orthotopic liver transplantation is occasionally offered
to specific patients, including those with symptomatic and
large or diffuse lesions.

CONCLUSION

Hemangiomas are common benign tumors of the liver,
generally detected accidentally during a radiological sc-
reening performed for other reasons. In symptomatic ca-
ses, surgical treatment should be preferred®. Emergent
hepatic resection has been the treatment of choice, but
has high operative mortality. Preoperative transcatheter
arterial embolization (TAE) can significantly improve out-
comes in such cases'”.

Spontaneous rupture in hemangiomas is not usual,
but can be dramatic and very dangerous. Patients can die
of massive hemorrhage in a short space of time and, in
this situation, the patient is usually too weak to endure an
operation[5J Ligation of hepatic artery or packing should
be performed to control bleeding as soon as possible whi-
le hemodynamic stabilization is accomplished. If the he-
morrhage is stopped and the patient’s condition is stable,
a secondary operation to cure the hemangioma should be
performed™. In a patient presenting with acute abdominal
pain due to unknown abdominal disease, spontaneous rup-
ture of a hepatic tumor such as hemangioma should be
considered as a rare differential diagnosism.

According to the current literature, we conclude that
the rate of spontaneous rupture of hepatic hemangiomas
ranges from 1% to 4%, occurring mostly in giant heman-
glomas (6-25 cm), with a mortality rate that can reach up
to 75%. The operative mortality rate of this complication
is around 36.4%>>**%. So far, only 33 cases of spon-
taneous rupture of hepatic hemangiomas have been re-
ported and published.

The right hepatic lobe, especially its postetior segment,
is the most common site of appearance of these lesions.
They are often subcapsular, well circumscribed and unen-
capsulated. Structurally, hemangiomas are composed of
venous lakes, coated with endothelial tissue plus clots and
calcification, separated by a connective tissue septa, where
the blood circulates slowly. The growth of these tumors
occurs by vascular ectasia, and never by hyperplasia or hy-
pertrophy.
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Abstract

AIM: To introduce Granulocyte-colony stimulating factor
(G-CSF) as a new therapeutic modality for schistosomia-
sis through stem cell mobilization, immunomodulation
or fibrosis remodeling.

METHODS: In this study, a 5 d course of human re-
combinant G-CSF (100 ug/kg sc) was applied to Schis-
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tosoma mansoni-infected mice at different stages of
disease (5 d before infection as well as 3, 5 and 7 wk
post-infection). The animals were sacrificed at 10 d as
well as 4, 6 and 8 wk post infection. Mice were exa-
mined for: (1) Total leukocyte count which is an accep-
ted surrogate marker for the stem cell mobilization
into the circulation; (2) Egg count in intestine and liver
tissue to assess the parasitic load; and (3) Histopa-
thological changes in Hx/E and Masson trichrome sta-
ined sections as well as collagen content in Sirius red-
stained liver sections to determine the severity of liver
fibrosis.

RESULTS: Mice developed leukocytosis. The egg load
and the number of granulomas were not affected by
the G-CSF treatment but there was an obvious change
in the composition of granulomas towards an increased
cellularity. Moreover, fibrosis was significantly decreased
in treated groups compared to untreated animals
(collagen content either preinfection or at 3 and 5 wk
post infection: 5.8 + 0.5,4.7 £ 0.5, 40+ 0.7 vs 8.2 £
0.9; P < 0.01).

CONCLUSION: Although G-CSF did not cause direct
elimination of the parasite, it enhanced granulomatous
reaction and reduced the fibrosis. Further investigation
of the underlying mechanisms of these two actions is
warranted.

© 2010 Baishideng. All rights reserved.

Key words: Schistosomiasis; Granulocyte-colony stimu-
lating factor; Periovular granuloma; Fibrosis; Immuno-
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INTRODUCTION

Schistosomiasis is a parasitic disease that mainly affects
the rural population in developing countries. An estimated
200 million people suffer from this disease, 85% of whom
live in sub-Saharan Africa, and 650 million people are at
risk of infection'".

Schistosoma mansoni (S. mansoni) is a leading cause of
chronic liver disease. Morbidity from this infection is pri-
marily the result of a granulomatous reaction to eggs depo-
sited in the liver leading to the induction of fibrosis and
portal hypertensionlz]. The immuno-pathology of the gra-
nulomatous response has been studied extensively in mu-
rine models as there is a close similarity to that in human
schistosomiasis”. Granulocyte-colony stimulating factor
(G-CSF) is a cytokine that shows a variety of biological
functions. Its action ranges from mobilization of bone
marrow-derived stem cells to immuno-modulation of a
variety of host responses and even anti-infectious prop-
erties. It is in clinical use for the mobilization of bone
marrow-derived stem cells before peripheral stem cells are
harvested and stem cell transplantation is performedw. A
new strategy employing bone marrow-derived stem cells
has recently been attempted for organ repair. Stem cell
mobilization with G-CSF had a dramatic effect on the
enhancement of stem cell "transdifferentiation” into cat-
diomyocytes in a rat model of myocardial infarction®. Pe-
tersen ¢z al” first reported "transdifferentiation" of hemato
poietic stem cells into liver cells. The frequency of trans-
differentiation and thereby its biological relevance has been
a controversial discussion!”. Granulocyte-colony stimula-
ting factor can also modulate the immune response by
affecting T cells and their cytokine secretion. Some au-
thors™ " have described polarization of T cell response
towards T helper 2 cell type by G-CSE Another study""
documented inhibition of both Thl and Th2 with redu-
ced INF-y and IL-4 production by G-CSF. Moreover,
it was found that G-CSF is in clinical use to battle cyto-
megalovirus (CMV) infection in immuno-suppressed pa-
tients. Noursadeghi ez al™ reported the effect of G-CSF
on the non-specific acute phase response associated with
increased resistance to bacterial infection. Schneider ez a/"”
evaluated the effect of G-CSF in 60 patients undergoing
major surgery and observed an increase in anti-infectious
mediators, reduction in the incidence and severity of post-
operative infections plus attenuation of the postoperative
acute phase response. It was demonstrated that G-CSF up-
regulates lipopolysaccharide binding protein (LBP) in the
liver, thus potentially contributing to increased resistance

against lipopolysaccharide (LPS) " "This result hints at the

(49

Gz
Raishideng®

WJH | www.wjgnet.com

435

Ghanem Y et a/. GCSF administration in schistosomiasis

potential influence of G-CSF on the innate immune sys-
tem.

The aim of this study is to employ an interesting drug
candidate, G-CSE, as a new therapeutic approach that
may potentially influence the damage response and con-
sequently the course of liver disease caused by S. mansoni
infestation.

MATERIALS AND METHODS

Materials

Experimental animals and experimental design: CD1
mice, aged 6-7 wk and weighing 15-18 ¢, were used in this
study. Mice were bred at the Schistosome Biological Sup-
ply Program (SBSP) (Theodor Bilharz Research Institute,
Giza, Egypt). They were fed on a standard pelleted diet
(containing 24% protein, 4% fat and about 4%-5% fiber
and water ad libitum) according to a recipe prepared by
Lowell University, USA. The study met the national guide-
lines of experimental animal research.

CD1 mice (6-8/subgroup) were infected with cet-
cariae of S. mansoni and treated with G-CSE. In the first
group, G-CSF treatment (100 pg/kg) started 5 d prior to
infection and continued every other day for 10 d post in-
fection (PI). In other groups, G-CSF treatment started 3,
5, and 7 wk post infection (wpi). Animals were sacrificed
on day 10 and week 4, 6 and 8 post infections (Figure 1).

Parasites: S. mansoni cercariae were obtained from infect-
ed Biomphalaria alexandrina snails which were reared and
maintained at the SBSP. The original strain of S. wansoni
was obtained from Lowell University, Lowell, Massachu-
setts, USA. by passage throughout bred mice and B. alex-
andrina snails.

Estimating cercarial densities: The cercarial suspension
was mixed with a magnetic stirring bar and ten times of
0.1 mL aliquots were removed from the center of the sus-
pension by a syringe and placed into a petri dish. Before
counting under a dissecting microscope, one drop of Lu-
gol’s iodine solution was added. The counts were averaged
and the cercarial density was determined!"”,

Infection: About 70-80 S. mansoni cercatiae suspended
in 0.2 mL solution was injected subcutaneously into the
back of each mouse using a 22 gauge needle syringe''.

Methods

Mice were examined for general condition, body weight,
liver weight at time of sacrifice and liver/body weight
ratio.

Confirmation of G-CSF effect was based on: (1) Rela-
tive amount of mobilized leukocytes. Total leukocytic
count was performed using an automated cell analyzer
(Sysmex Corporation, KX_21, Japan) and differential
counts were made from the slide-mounted blood films
stained with Leishman stain; (2) Egg count in intestine
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Figure 1 Experimental design. w: week; p.i.: post infection.

and liver!'”, The number of ova/ gm intestinal or hepatic
tissue was counted after digestion overnight in 5% KOH;
and (3) Assessment of disease severity by detailed liver his-
tology including assessment of liver fibrosis.

Histopathology: Following sacrifice of animals by cervi-
cal dislocation, the liver was removed, rinsed with phos-
phate buffered saline and weighed. Liver specimens from
the right lobe were processed and stained with hematoxy-
lin and eosin and Masson trichrome stains. Sections wete
examined for hepatic parenchyma, periovular granulomas
as well as inflammatory cell exudation and fibrous tissue
deposition in portal tracts together with bile ductular and
blood vascular changes. The diameter of granulomas was
measured (5 granulomas/section) using the ocular mi-
crometer. This was done only for granulomas containing
ova in their centers and not confluent ones. The mean di-
ameter for each group was calculated. Evaluation of liver
fibrosis was done by morphometry using 10 pum thick, Sit-
ius Red-stained sections. This is a strong anionic dye that
stains collagen by reacting, #a its sulphonic acid groups,
with basic groups present in the collagen molecule. The
elongated dye molecules are attached to the collagen fiber
in such a way that their long axes are parallel“ i Morpho-
metric assessment of the collagen content in portal tracts
and around granulomas was performed using a Zeiss mi-
croscope connected to a Kontron Image Analysis System.
Quantification of hepatic collagen deposition was done
under x50 magnification employing the CIRES software
program and represented as mean percentage of fibrotic
area = SD in 3 sections/animal.
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Figure 2 Effect of treatment on. A: body weight; B: liver weight; C: egg load in
intestine; and D: egg load in liver.

Statistical analysis

Statistical analysis was performed using the analysis of
variance method (ANOVA)™, Significant level was rea-
ched at P < 0.05.

RESULTS

All groups (treated and untreated) had a good health
status throughout the experimental period and apparent
manifestations of schistosomiasis did not develop.

Body weight (Figure 2A) was not affected significantly
by G-CSF treatment before infection and 3 wpi in animals
sacrificed 4 wpi with an average body weight of 20.95
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g, 21.10 g and 19.89 g in untreated, preinfection treated
and 3 wpi treated animals respectively. Body weight in
mice sacrificed 6 wpi was not affected significantly by
treatment, being 24.2 »s 22.75, 21.2, 21.75 g in controls
untreated, preinfection treated and treated 3 and 5 wpi re-
spectively. Also, at 8 wpi, the body weight of controls and
those receiving treatments did not differ significantly (22.9,
20.9, 21.4 and 21.08 g in controls, treated 3, 5 and 7 wpi
respectively).

The effect of treatment on liver weight by treatment
was dependent on the stage of infection (Figure 2B). Li-
ver weight was not significantly affected in mice sacrificed
10 d PI to be 1.06 g in the group treated preinfection
compared to 1.17 g in untreated controls. A highly signifi
cant increase occurred at 4 wpi in groups treated before
infection and 3 wpi relative to controls (1.44 and 1.1 g
s 1.01 respectively) (P << 0.01). Liver weight was signifi-
cantly affected at 6 wpi by G-CSF treatment 5 wpi (2.32 g
»5 1.97 g of controls) (P < 0.01). However, it was not sig
nificantly affected 8 wpi to be 2.23, 2.23, 2.37 g in those
treated 3, 5 and 7 wpi respectively compared to 2.17 g in
control.

Liver/body weight ratio

All treated groups had significantly higher liver/body
weight ratio at 4 wpi (4.85% in untreated controls vs
6.98% in preinfection and 5.47% in 3 wpi treated groups).
However, treatment did not affect this parameter in any
of the groups sacrificed at either 6 or 8 wpi.

Stem cell mobilizing effect of G-CSF
The average total leukocytic count (TLC) in animals
receiving G-CSF treatment was significantly higher com-
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Figure 3 Preinfection treated ani-
mals sacrificed. A: 10 d post in-
fection (H&E x 200); B: 4 wk post
infection (wpi) (Masson trichrome x
200); C,D: 6 wpi (Masson trichrome
and H&E x 200). PMN: polymor-
phonuclear.

pared to the untreated group. In mice sacrificed at 6
wpi, the TLC in the untreated group was 9.04 X 103/ pL.
However, it was 8.4, 14.87 and 10 x 10°/ uL in animals
receiving treatment before infection or treated 3 and 5
wpi respectively. Also, animals sacrificed at 8 wpi showed
significantly higher levels (P << 0.01) in mice treated 3, 5
and 7 wpi (13.3, 12.06 and 18.36 X 10°/pL respectively)
compared to the untreated group (9.07 X 10°/uL).

Effect of G-CSF treatment on egg loads in intestine and
liver

The number of eggs retained in the small bowel and the
liver of treated and untreated animals (Figure 2C, D) were
not affected significantly in mice sacrificed at 6 and 8 wpi.
A gradual non significant reduction of liver egg burden
was observed at 8 wpi when comparing the untreated and
treated groups 3, 5 and 7 wpi (13.2 X 10° eggs/g liver us
13.0, 8.1 and 9.7 X 10 eggs/g liver weights respectively).

Histopathological results

At the acute stage of infection (10 d PI), animals treated
before and for a few days after infection showed an in-
crease of infiltrating polymorphonuclear cells (PMNCs)
in the portal tract (Figure 3A) in compatison to the un-
treated group (Figure 4A). Both groups showed dilated
portal blood vessels.

At 4 wpi, animals treated preinfection showed milder
inflammation in their portal tracts compared to untreated
mice (Figure 4B). A comparable degree of inflammation
was presented in animals treated at 3 wpi (Figures 3B and
5A). Kupffer cell hyperplasia and intralobular inflamma-
tory cell infiltration seen in the untreated group (Figure
4C) were not found in treated animals at 3 wpi.
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Figure 4 Liver sections in Schistosoma mansoni-infected untreated mice. A,B: 10 d post infection (H&E x 200); C: 4 wk post infection (wpi) (H&E x 200); D: 6 wpi
(Masson trichrome x 100); E: 8 wpi (Masson trichrome x 100).

At 6 wpi, a considerable decrease in portal tract in-
flammatory infiltrate was seen in G-CSF-treated animals
compared to untreated ones regardless of the time of
treatment. Although the effect of treatment on granuloma
diameter was not significant at this stage compared to un-
treated animals (Figure 4D), cellular granulomas became
more predominant (Figures 3C, 5B, 6A) but their number
did not change. Hyperplastic Kupffer cells and lobular in-
flammatory infiltrates continued to be present in animals
treated with G-CSF before the infection (Figure 3D) but
were absent in those treated at 3 and 5 wpi. Fibrous gran-
ulomas were encountered in animals treated at 3, 5 and 7
wpi (Figures 5C, 6B, 7) compared to the untreated group.

At 8 wpi, an intense portal tract inflammation was
observed in G-CSF treated groups similar to untreated
animals (Figures 6B, 4E respectively). However, animals
treated at 3 wpi showed a decreased inflammatory reac-
tion with a significant increase in granuloma diameter
(Figure 5C). It was 275.8 um in untreated animals versus
336.12, 308.3 and 325 um in 3, 5 and 7 wpi treated mice
respectively (Figure 8). Granulomas showed lobular and
portal distribution.

Collagen content as determined by morphometric image
analysis

Treatment did not affect collagen deposition in untreated
animals at 4 wpi (2.1 £ 0) compared to animals treated
preinfection 2.6 * 0.5 and animals treated at 3 wpi 2.6
0.47. On the other hand, a highly significant decrease in
collagen content (P << 0.01) was found at 6 wpi in treated
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animals either preinfection or at 3 and 5 wpi (5.8 £ 0.5, 4.7
+ 0.5, 4.0 + 0.7 o5 untreated group 8.2 £ 0.9). Although
treatment did not fully inhibit the progressing collagen
deposition, the effect of treatment was also visible in ani-
mals at 8 wpi in animals treated at 3, 5 and 7 wpi respec-
tively (8.9 = 0.4, 10.0 = 0.8 and 11.6 = 0.9) compared to
untreated ones (12.0 £ 1.0) (Figure 9).

DISCUSSION

S. mansoni infection is detected by the first line of defense
- the innate immune system which does not detect the
whole parasite but reacts to molecules released by S.
mansoni or molecular changes induced by the parasite.
Accordingly, the innate immunity is able to detect the
pathogen associated molecular pattern (PAMP) and a
primary inflaimmatory response is induced, eventually
resulting in an immune response.

Administration of G-CSF has been shown to protect
rodents against LPS toxicity[zo] and to induce an upregula-
tion of LBP synthesis in the liver"" that decrease LPS tox-
icity through TLR4™. Since G-CSF treatment influences
the “damage detection” in this model, we evaluated its ef-
fect on S. mansoni infection especially since it was reported
that parasites directly affect TLR3 and TLR4"?. In the
course of disease, periovular granuloma and the induc-
tion of fibrosis cause most of the clinical symptoms. The
number of granulomas correlates with the severity of dis-
ease but is not affected by G-CSE. As granulomas develop
in response to egg deposition in the tissue, we assessed
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Figure 5 Animals treated 3 wk post infection and sacrificed. A: 4 wk post
infection (wpi) (H&E x 100); B: 6 wpi (Masson trichrome x 100); C: 8 wpi (Masson
trichrome x 100).

the amounts of eggs retained in liver and intestine. As ex-
pected, we found increased egg load during the course of
the disease with no significant reduction in treated mice.
The egg load is generally employed as an important pa-
rameter to assess the efficiency of S. mansoni treatment™
and consequently a lack of a significant effect of G-CSF
treatment on the egg load indicates that G-CSF does not
enhance the primary damage response.

The number of granulomas did not change in respon-
se to treatment; however, the composition of granuloma
was different in G-CSF treated animals with a predomi-
nance of cellular ones. This could be caused by GCSF-
mediated recruitment of inflammatory cells from extrahe-
patic soutces or due to endogenous hematopoiesis. Lenzi
et al”” presented evidence of internal cellular production
by granulomas and expression of G-CSF receptors. Ex-
ploration of the respective cytokine profile might help to
elucidate the mechanisms of these flared up reactions and
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Figure 6 Mice treated
5 wk post infection and
sacrificed. A: 6 wk post
infection (wpi) (Masson
trichrome x 200); B: 8
wpi (Masson trichrome x
100).

Figure 7 Mice treated at 7 wk post
infection and sacrificed at 8 wk post
infection showing multiple variable-
sized fibrocellular and fibrous lobu
lar granulomas distorting the hepa
tic lobular architecture (Masson tri-
chrome x 200).
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Figure 8 The effect of therapy on granuloma diameter.

whether this reaction was biased to either the Th1 or Th2
type.
Lack of full recovery by elimination of the parasites
leads to the secondary damage response associated with
the onset of a marked immune reaction, progressive tis-
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Figure 9 Effect of treatment on collagen content.

sue damage and repair with the development of a marked
fibrosis. Portal fibrosis eventually results in clinical symp-
toms due to marked portal hypertension®,

In this study, the extent of fibrosis, as estimated by the
quantitative morphometric analysis of collagen content in
Sirius red-stained liver sections, was significantly decreased
in animals sacrificed at 6 and 8 wpi in all G-CSF treated
groups. Fibrosis develops during the chronic phase of
granulomatous inflammation in murine schistosomiasis.
Fibrosis seems to represent a protective function during
infection by neutralizing and sequestering egg antigens
that can potentially damage host tissues™. An abroga-
tion of Th2 response is then required to prevent exces-
sive fibrosis. However this mechanism cannot explain
the antifibrotic action of G-CSF administered in this
experiment as the latter produces Th2 polarization rather
than abrogation. It could be speculated that the inhibitory
effect of G-CSF on collagen deposition may be related
to enhanced fibrotic degradation rather than decreased
fibrous synthesis. G-CSF was found in previous studies™
to enhance the matrix metalloproteinase family (MMP 1
and 9). Whether this is also the mechanism involved in the
current experiment is the topic of ongoing experiments.

In conclusion, the most prominent effect of treat-
ment with G-CSF consisted of a slight effect on the in-
flammatory reaction but a marked reduction of collagen
deposition irrespective of the time of starting treatment
was initiated. Further work is needed to dissect the mo-
lecular events underlying immunomodulation and fibrous
remodeling actions of G-CSF coveting later stages of the
disease for better evaluation of its therapeutic effect in
schistosomiasis.
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Background
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including mobilization of bone marrow-derived stem cells, immuno-modulation of
a variety of host responses and anti-infectious properties.

Research frontiers

This article introduces G-CSF as a new therapeutic modality in Schistosoma
mansoni (S. mansoni).

Innovations and breakthroughs

Treatment with G-CSF revealed slight affection of the inflammatory reaction and
marked reduction of collagen deposition irrespective of the time of starting treat-
ment.

Applications

Further work is needed to dissect the molecular events underlying immuno-
modulation and fibrous remodeling actions of G-CSF covering later stages of the
disease for better evaluation of its therapeutic effect in schistosomiasis.

Peer reviews

The manuscript describes the effects of human recombinant G-CSF on liver his-
topathology of mice infected with S. mansoni and prevents progression of granu-
loma formation. The findings are of interest, but observational.
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Abstract

We report the case of a patient treated with living do-
nor-related liver transplantation who suffered from
osteomalacia during adefovir dipivoxil (ADV)-containing
antiviral therapy for lamivudine-resistant hepatitis
B virus infection. The patient had generalized bone
pain, with severe hypophosphatemia after 20 mo of
ADV therapy. Radiographic studies demonstrated the
presence of osteomalacia. The peak plasma ADV level
was 38 ng/mL after administration of ADV at 10mg/day.
It was also found that ADV affected the metabolism
of tacrolimus, a calcineurin-inhibitor, and caused an
increase in the plasma levels of tacrolimus. The disability
was reversed with the withdrawal of ADV and with
mineral supplementation. ADV can cause an elevation of
plasma tacrolimus levels, which may be associated with
renal dysfunction. High levels of ADV and tacrolimus
can cause nephrotoxicity and osteomalacia. This case
highlights the importance of considering a diagnosis of
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osteomalacia in liver transplantation recipients treated
with both ADV and tacrolimus.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

In hepatitis B virus (HBV) DNA-positive patients, the
rate of HBV recurrence after liver transplantation (LT)
remains high without prophylaxis using hepatitis B im-
munoglobulins (HBIG) and lamivudine (LAM)". Re-
sistance to LAM is characterized by the substitution of
methionine with valine or isoleucine at residue 204 within
the tyrosine-methionine-aspartate-aspartate (YMDD)
motif of the viral DNA polymerase’™. Adefovir dipivoxil
(ADV) is a potent nucleotide analogue against both the
wild-type and LAM-resistant HBV"" and it has been
reported that ADV can prevent and treat recurrences of
HBYV infection following L,

Hypophosphatemic osteomalacia results from a ge-
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Blood chemistry

Atrterial blood gas

Urinary chemistry

Total protein 6.3 g/dL pH
Albumin 3.9g/dL PaO2
AST 391U/L PaCO2
ALT 221U/L HCO3-
ALP 34101U/L Anion gap
y-GTP 116 TU/L Base excess
Total bilirubin 0.6 mg/dL

Direct bilirubin 0.2mg/dL

Urea nitrogen 36 mg/dL

Creatinine 1.1mg/dL

Uric acid 1.7 mg/dL

Plasma glucose 90 mg/dL

Na 142 mEq/L

K 3.5 mEq/L

Cl 113 mEq/L

Ca 8.0 mg/dL

P 1.4 mg/dL

Mg 2.1 mg/dL

Prothrombin time (INR) 0.96

Serum BMG 3.5mg/L

Bone-type ALP 551 pg/L

Intact-PTH 85 pg/mL

1, 25-dihydroxy vitamin D3 21.3 pg/mL

7.375 Urinary Na 0.78 g/d
86.8 mmHg Urinary K 0.20g/d
37.1 mmHg Urinary Cl 0.67 g/d
21.2 mmol/L Urinary Ca 014 g/d
11.3 mmol/L Uurinary phosphate 043 ¢g/d
-3.0 mmol/L % TRP 53.7 %

Urinary creatinine 045¢g/d
Ccreatinine clearance 37.9 mL/min
Uurinary glucose 257 g/d
Urinary protein 144¢g/d
Urinary NAG 490U/L
Urinary BMG 129, 220 ug/L
Generalized aminoaciduria (+)

AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; y-GTP: y-glutamyl transferase; P: phosphate; BMG: 2-

microglobulin; %TRP: % tublar reabsorption of phosphate; NAG: N-acetyl-B-D-glucosaminidase; Intact-PTH: intact parathyroid hormone.

neralized dysfunction of the proximal renal tubule, lead-
ing to impaired reabsorption of amino acids, glucose,
urate, and phosphate[“]. The chronic loss of phosphate
and the adequate synthesis of 1, 25-dihydroxy vitamin
D3 together produce phosphate depletion and failure to
propetly mineralize bone. Recently, patients with acquired
osteomalacia have been reported during treatment of hu-
man immunodeficiency virus (HIV) infection using nucleo-
tide analogues such as tenofovir and ADV"™". We report
herein a case of osteomalacia that developed during ADV
therapy after living donor-related liver transplantation

(LDLT).

CASE REPORT

A 48-year-old Japanese man was diagnosed with HBV-
related decompensated liver cirrhosis in January 2000 and
began undergoing LAM therapy at 100 mg/d. The serum
HBs antigen (HBsAg) and HBe antigen (HBeAg) were
positive, anti-HBe antibody was negative, and HBV-DNA
was detected at 8.0 log genome equivalent (LGE)/mL
by transcription-mediated amplification (TMA) before
the treatment with LAM. Three months later, his serum
HBV-DNA decreased to < 3.7 LGE/mL with a favor-
able initial response. The response persisted up to Febru-
ary 2001, at which time LAM-resistant mutants (YIDD)
emerged with elevated transaminases [alanine aminotrans-
ferase (ALT) 374 TU/L (normal; 7-47 TU/L) and aspartate
aminotransferase (AST) 444 TU/L (normal; 12-31 TU/L)].
In March 2002, the patient was started on ADV therapy
at 10 mg/d combined with LAM, and the antiviral re-
sponse was progressive, but slow. Although the HBV-
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DNA was decreased to 4.0 LGE/mL after 2 mo, liver
function was not favorably improved. In accordance with
our hospital policy, the patient could then be accepted as a
liver transplant recipient. His wife volunteered to undergo
right hepatectomy for living donation, and he underwent
LDLT in May 2002. Serum HBsAg and HBV-DNA were
negative, but anti-HBc antibody was positive in the donor.
The anti-HBV prophylactic regimen consisted of an in-
travenous injection of HBIG and peroral administration
of LAM (100 mg/d) plus ADV (10 mg/d). Intravenous
HBIG was given at a dose of 10 000 IU during the anhe-
patic phase, and then daily for 6 d. Repeated doses were
given to maintain anti-HBs titers above 500 IU/L for the
initial 6 mo. The patient remained well with a combination
of LAM, ADV, and periodic doses of HBIG injection to
maintain anti-HBs greater than 200 IU/L. Anti-HBsAb
was always positive, and HBsAg and HBV-DNA were not
detected in his serum during observation.

Postoperative immunosuppression consisted of tacro-
limus (target trough level 10-15 ng/ml.) and steroids (in-
travenous methylprednisolone 500 mg/d tapered to oral
prednisolone 20 mg/d from day 7). The tacrolimus trough
level was lowered to 5 to 10 ng/ml, and the dosage of
prednisolone was reduced to 2.5 mg/d during the 6th mo
after transplantation.

The patient began to complain of right ankle pain
in November 2003. His bone pain gradually increased
and involved his knees and shoulders. He also began to
experience weakness in his leg muscles, with difficulty
in walking in July 2004. A neurological evaluation, an
electromyogram (EMG), and a muscle biopsy were per-
formed in February 2005, which revealed almost normal
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Figure 1 Whole body bone scintigraphy shows multiple foci of increased
radiotracer uptake in the thoracic spine, the sacroiliac region, the rib cage,
the shoulders, the knees, and the ankles.

muscular fibers. He was admitted for further examination
in May 20006. The laboratory data obtained on admis-
sion are shown in Table 1. He demonstrated persistent
hypophosphatemia with a phosphate level of 1.4 mg/dL
(normal range; 2.4-5.1 mg/dL). In addition, he showed
significantly elevated levels (3410 IU/L) of alkaline phos-
phatase (ALP) (normal range; 116-280 IU/L). His serum
creatinine level was 1.1 mg/dL and calculated creatinine
clearance was 37.9 mI./min, indicating moderate renal in-
sufficiency. Urinalysis and 24-h urine collection confirmed
phosphate wasting, which can be caused by impairment
of proximal renal tubular reabsorption of phosphate.
Although his serum level of intact parathyroid hormone
(intact-PTH) was slightly increased, his serum level of 1,
25-dihydroxy vitamin D3 was 21.3 pg/mL (normal range;
20-60 pg/mL). Indications were that the impairment of
reabsorption of phosphate could be mainly brought about
by the proximal renal tubular injury, and not by vitamin D
deficiency, in this patient.

Radiographic studies including X-rays, MRI, and bone
scans were performed. " Tc-HMDP whole-body bone
scintigraphy showed multiple foci of increased radiotracer
uptake in the thoracic spine, the sacroiliac region, the
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tib cage, the shoulders, the knees, and the ankles (Figure
1). X-rays and MRI findings showed pseudofractures
(Looser’s zones) in the right femoris, which could indicate
osteomalacia.

The highest plasma level of ADV in the patient was 38
ng/ml, after administration of ADV at 10mg/day, which
was approximately 3 times higher than that in patients
with normal renal function. We also found that ADV con-
tributed to the elevation of plasma tacrolimus levels in
this patient, as the trough levels of tacrolimus with admi-
nistration of ADV were 1.5 times higher than those with-
out ADV. These results suggest that ADV could affect
the metabolism of tacrolimus, and cause increases in the
plasma levels of tacrolimus. In this context, high levels of
both ADV and tacrolimus could contribute to nephrotox-
icity and hypophosphatemia.

The patient was initially treated with phosphate sup-
plementation and decreasing doses of ADV (10 mg/every
other day — 5mg/every other day — 2.5mg/every day).
After switching from ADV plus LAM to entecavir hydrate
(ETV) at 1 mg/every other day, several laboratory param-
eters improved, including serum levels of phosphorus and
ALP. He was maintained on phosphate replacement, and
his bone pain also decreased dramatically (Figure 2).

DISCUSSION

We report herein a case with renal tubular injury, hy-
pophosphatemia, and osteomalacia all of which develo-
ped during ADV therapy after LDLT. ADV is known to
cause renal tubulopathy in patients with HIV or HBV
infection™ as is tenofovir, a major antiretroviral medi-
cation"”"". The pathophysiology of the proximal tubular
dysfunction caused by ADV is thought to be due to the
concentration of ADV in the mitochondria"”, and, con-
sequently, mitochondrial toxicity and the inhibition of
several ATP-dependent critical transporters in proximal
tubular cells". Although every-other-day administration
of ADV (10 mg/2 d) is generally recommended when a
patient has moderate levels of renal dysfunction, we re-
commend complete cessation of ADV treatment and a
change to another antiviral reagent such as ETV"? as
the continued every-other-day administration of ADV
may continue to injure the proximal tubular cells. It is
unclear why, if all patients accumulate ADV in the pro-
ximal tubule, that only a small percentage of patients
experience the renal complications seen in this case.

Tacrolimus is a calcineurin-inhibitor (CNI), which are
immunosuppressive agents for liver transplantation[zﬂ. Re-
nal dysfunction is common after liver transplantationlzz’zsj,
and it has been reported to be associated with high levels
of CNI™. ADV contributed to the elevation of plasma ta-
crolimus levels in this patient, and this elevation may have
been associated with his renal dysfunction. In cases such
as this one, tacrolimus levels should be reduced as far as
possible and the interaction between tacrolimus and ADV
should be given strong consideration in liver-transplant
patients with HBV infection.

Although the patient had typical clinical features such

as bone pain, hypophosphatemia, and elevated serum

December 27,2010 | Volume 2 | Issue 12 |



10 mg/every-other-day

ADV (mgd) —i

Minemura M et a/. Development of osteomalacia

ETV
|1 mg/every-other-day |

LAM (mg/d) | 100

4.8
3 2
Tacrolimus (a/cl) ([

PSL (mg/d) 5010 | 5 L 25
[
LDLT / Bone pain \
6000 — | - 1500
o L ALP i g
) 1000 3
5 3000 - %
- 500
1-GTP
0 = 0
5 — _
P 2 5
4 3
- g
% 3 £
E 2 112
o Cre £
.
0 \ \ 0
2002 2003 2004 2005 2006 2007

Figure 2 Clinical course of the present case. After switching from ADV plus LAM to ETV, serum levels of P and ALP improved, and the patient's bone pain also
decreased dramatically. ADV: adefovir dipivoxil; LAM: lamivudine; ETV: entecavir hydrate; PSL: prednisolone; P: phosphate; APL: alkaline phosphatase; y-GTP: y-glutamyl

transferase; LDLT: living donor-related liver transplantation.

APL levels for osteomalacia, the diagnosis of osteomalacia
was delayed. It was initially difficult to distinguish bone-
derived ALP and liver-derived ALP because the patient
had persistently high levels of serum ALP and y-glutamyl
transferase (y-GTP) associated with chronic rejection after
LDLT.

Hypophosphatemic osteomalacia is a potential adverse
effect of ADV"Y, and patients treated with ADV should
be monitored by measuring serum ALP and phosphorus
levels. If patients develop bone pain or myopathy in re-
sponse to ADV treatment, serum hypophosphatemia and
phosphate wasting into urine should be confirmed. Initial
treatment with phosphate supplementation and decreas-
ing doses of ADV should be performed. Discontinuing
administration of ADV and switching to ETV may be re-
commended for patients after LT, because these patients
often have renal insufficiency associated with the use of
CNL
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Abstract

A combination of nucleos(t)ides and hepatitis B immu-
noglobulin (HBIg) has been found to be effective for
the prevention of hepatitis B viral (HBV) reinfection
after liver transplantation (LT), but its administration
is costly, and not always available. We report the case
of a male, 33-year-old cirrhotic patient who has tested
positive for serum HBsAg, and HBeAg, with 9.04 x 10’
copies/mL of HBV DNA. He suffered from acute liver
failure and was near death before undergoing emer-
gency LT. No HBIg was available at the time, so only
lamivudine was used. He routinely received immunosup-
pression medication. Serum HBV DNA and HBsAg still
showed positive post-LT, and the graft re-infected.
Hepatitis B flared three months later. Adefovir dipivo-
xil was added to the treatment, but in the 24™ mo of
treatment, the patient developed lamivudine resistance
and a worsening of the hepatitis occurred shortly there-
after. The treatment combination was then changed
to a double dosage of entecavir and the disease was
gradually resolved. After 60-mo of post-LT nucleos(t)ide
analogue therapy, anti-HBs seroconverted, and the an-
tiviral was stopped. By the end of a 12-mo follow-up,
the patient had achieved sustained recovery. In conclu-
sion, the case seems to point to evidence that more
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potent and less resistant analogues like entecavir might
fully replace HBIg as an HBV prophylaxis and treatment
regimen.

© 2010 Baishideng. All rights reserved.
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bulin; Liver transplantation; Nucleos(t)ides
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INTRODUCTION

Because of immunosuppression usage, liver transplanta-
tion (LT) due to hepatitis B virus (HBV)-related diseases
is often followed by HBV re-infection of the allograft
which is associated with severe liver damage, and often
progresses to graft loss'. However, prophylaxis strategies
have greatly advanced in the past few years. Initially, long-
term intravenous (IV) high-dose hepatitis B immuno-
globulin (HBIg) was used, but it was very expensive, and
the recurrence rate still remained highm. Since lamivudine
(LMV) has been introduced in treatment of chronic he-
patitis B, it has also been used in HBV prophylaxis post-
LT. The LMV and HBIg combination reduces HBV re-
currence rates to less than 5% in 5 years", and thus a new
era of LT for HBV-related disease had begun. Recently,
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high-dose IV HBIg in combination has been replaced by
low-dose intramuscular (IM) HBIg, which has achieved
similar results™; hence the latter regimen has been widely
adopted in most hepatology departments. However, a
low-dose HBIg regimen is still costly and not always
available, and strategies using HBIg-free nucleos(t)ide
analogues (NAs) have been tried instead". Very recently, a
multicenter randomized study of adefovir dipivoxil (ADV)
substitution for low-dose IM HBIg showed no HBV
recurrence for at least 12-mo post-LT". In the following
case study, a cirrhotic patient with high HBV levels and
fatal liver failure received an emergency orthotopic LT.
No HBIg was available; he received only NAs treatment.
He achieved a sustained recovery even after the antivirals
wete discontinued, and even showed that HBs had setro-
converted. HBIg-free NAs regimens are widely used in
China to prevent LT re-infection, and the following case
may be a typical one.

CASE REPORT

A 33-year-old male patient had been HBsAg-positive
since childhood, but had had no regular examinations.
At this time he had lassitude, lack of appetite, and dark
yellow urine for 6 wk. In mid-October of 2003, he was
admitted to a local primary hospital, and only treated with
conventional herbal medicine to alleviate his symptoms
and lower the serum transaminase. His symptoms woz-
sened in a week and he went into a coma for 3 d. He
was then transferred to the hepatology unit at Nanfang
Hospital on October 20" 2003. Examination revealed
a temperature 38.2°C, blood pressute of 96/60 mmHg,
pulse rate at 90/min, and respiration rate at 32/min. The
patient was heavy jaundiced and was in a deep coma.
Heart and lungs were normal, liver and spleen not pal-
pable, and the abdomen had swelling with ascites. Virolo-
gical tests were positive for serum HBsAg and HBeAg
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(EIA, Abbott Lab, Chicago, IL, USA), and 9.04 X 10
copies/mL of HBV DNA (Fluorescent quantitative
PCR-based assay with a Roche Amplicor machine using a
locally licensed kit). There was no evidence of hepatitis C,
hepatitis D, or human immunodeficiency virus infections.
Biochemical tests revealed alanine transaminase (ALT) 120
U/L, aspartate transaminase (AST) 157 U/L, albumin 32
g/L, total bilirubin 211 pmol/L, direct bilirubin 110 u
mol/L, prothrombin time 49 (normal < 13) sec, alfa fetal
protein 172 (normal < 10.9) ng/ml., serum urea and crea-
tinine normal.

Emergency management included tracheal incubation
ventilation, artificial liver support and plasmapheresis, and
LMYV 100 mg was administered daily by gastric tube. Two
days after admission, the patient received an orthotopic
LT.

The explant liver was tenacious with grey yellow cross
sections. Microscopy showed hepatocyte ballooning dege-
neration and confluent necrosis, diffusing pseudo-lobule
with generously fibrous connective tissue.

The virological features and the clinical course are
shown in Figure 1. Immunosuppressive therapy began
with 15 mg of corticosteroid daily in the first week, whi-
ch was then lowered to 5.5 mg daily, and tacrolimus was
adjusted to maintain a serum level of 12-14 ng/mL dur-
ing the first year. The dosages of both drugs were decrea-
sedannually. There was no HBIg available, and simple
LMYV use continued, and we had no choice but to use
LMYV as the HBV prophylaxis and treatment regimen at
that time. Serum HBV DNA was 1.72 x 10* copies/mL
and HBeAg cleared at the second week of treatment, but
HBsAg was still positive. At the end of the first month
post-LT, HBV DNA was 7.68 X 10° copies/mL. The
patient’s liver chemistry gradually returned to normal.

Three months later, the patient complained of lassi-
tude and nausea. His ALT was at 121 U/L and HBV
DNA was 5.25 x 10’ copies/mL. There was no evidence
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of cytomegalovirus infection. Histological examination of
the biopsied transplanted liver revealed moderate inflam-
mation and mild fibrosis. ADV 10 mg/d was added to the
treatment regime not long after the hepatitis flared, but
serum HBV DNA was still detectable, and the ALT levels
remained abnormal during 10 mo of combined LMV and
ADV therapy.

Then in the following 2 years (from June 2004 to Dece-
mber 2000) the patient suffered bacteremia of aerugo
pseudo-monosporangium, hepatophyma and cholangitis
successively. He received multiple treatments, hepatotoxic
antibiotics wete carefully avoided, and the infections were
finally cured.

Unfortunately, even combined with ADV, the LMV
resistance developed 24-mo into treatment, and t muta-
tions of rtM204V and rtl.180M were detected by means
of sequencing. The HBV DNA had increased to 1.01
X 10’ copies/mL and acute exacerbation occurred, with
ALT elevating up to 468 U/L. Antivirals were switched
to 1.0 mg of entecavir daily. HBV DNA was undetec-
table 12-mo after and HBsAg was negative 60-mo after
LT and NAs therapy. On December of 2008, anti-HBs
sero-converted, and all liver function tests were normal.
After another year, , with antivirals being discontinued
for 12 mo, the patient had achieved a sustained recovery.

DISCUSSION

The patient with HBV-related cirrhosis and liver failure
was near death, characterized by intense ascites, severe
encephalopathy, and markedly prolonged prothrombin
time. With liver disease at such an advanced stage, emer-
gency LT might be seen to be the only treatment optionm.
LMV was used simply to prevent graft reinfection, but
HBIg was not available in an urgent situation. He had high
levels of serum HBV DNA pre-LT, and even after the
removal of the infected liver, HBV usually still replicated
persistently outside the liver, which has been shown to
be common in such patientsm. Thus, about three months
later, the graft liver reinfected and hepatitis B flared. With-
out effective treatment, his prospect of survival was low.
ADV was then added his treatment regime, but low virus
replication and mild hepatitis still persisted for more than
a year, suggesting that in immunosuppressive conditions,
the drug combination was still not strong enough[wj. In
addition, LMYV resistance occutred even with ADV treat-
ment, resulting in HBV rebound and worsening of the
disease symptoms, which is uncommon in a non-trans-
plant patientm. After changing to entecavir with double
the normal dosage, and decreasing the immunosuppre-
ssion to minimal maintaining doses, the patient’s clinical
status substantially improved. In the fifth year of NAs
therapy post-LT, the patient had achieved anti-HBs sero-
conversion and even having been off antivirals for 12 mo,
remained well.

Currently, combined NAs and IM low-dose HBIg the-
rapy is widely adopted as the most effective strategy aga-
inst HBV recurrence post—LTls’()’lZJ. Free-HBIg NAs the
rapy has also been investigated and some facts may give
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new insights. When NAs are used as a part of a pro-
phylaxis regimen, the effect of low-dose IM HBIg is equi-
valent to that of high-dose IV HBIgB’(’], and maintaining
LMV treatment alone always results in a low risk of HBV
recurrence, regardless of HBIg discontinuance.Moreover,
even one week of HBIg combined with lamivudine re-
gimen at the beginning of the treatment had an equiva-
lent effect, compared with a long-term high-dose HBIg
regimen for preventing hepatitis B recurrence’”. Tt is sug-
gested that with adequate treatment of potent NAs, con-
comitant indefinite passive immunization may not be essen-
tial ™. Some studies have compared complete HBIg-free
NAs monotherapy (without a short initial HBIg phase)
with combined therapy, describing 2-4 year recurrence
rates of about 15%-40%, higher than those of the combi-
nation therapy'” .

In fact, a major factor for recurrence was related to the
high resistance to LMV therefore the inclusion of ADV
might be a better strategy”’mj. However, because of the
negative influence of immune suppression, the potential
for NAs resistance and HBV reinfection in the long-term
cannot be excluded. The LT recipients treated with NAs
may have higher resistance rates in shorter periods, and
fewer viral clearance effects even for lower vitemia, and
these affect the progression of the disease™”. Therefore,
NAs of more potency and less resistance (telbivudine, en-
tecavir, and tenofovir) are to be preferred. Although there
are few studies of these newer antivirals being used as
HBV prophylaxis updates”?”, in accordance with wide
use in patients with chronic hepatitis B, they should still
replace LMV within prophylaxis regimens in LT patients.
With the properties they have, it could be expected that
more successful HBIg-free regimens could be established,
but most up- to- date studies have been limited by short-
term follow-ups. To date, no reliable conclusions have
been drawn as to whether treatment based on combination
medication is superior to NAs monotherapy. It is there-
fore important that more control studies with long-term
follow-ups are undertaken.
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limits calculated and compared by weighted probit analysis
(Bliss and Finney); and (5) The word ‘significantly’ should be
replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

Conflict-of-interest statement

In the interests of transparency and to help reviewers assess
any potential bias, WJH requires authors of all papers to
declare any competing commercial, personal, political, in
tellectual, or religious interestsin relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Con-
siderations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.

Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board mem-
ber for [names of organizations|, and has received research fun-
ding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization|. [Name of individual]
owns patent [patent identification and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all
human studies have been reviewed by the appropriate ethics
committee ot it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under study
should be omitted. Authors should also draw attention to the
Code of Ethics of the World Medical Association (Declaration
of Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should comform
to Good Clinical Practice (for example, US Food and Drug
Administration Good Clinical Practice in FDA-Regulated
Clinical Trials; UK Medicines Research Council Guidelines
for Good Clinical Practice in Clinical Trials) and/or the World
Medical Association Declaration of Helsinki. Generally, we
suggest authors follow the lead investigator’s national standard.
If doubt exists whether the research was conducted in accordance
with the above standards, the authors must explain the rationale
for their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved
by the relevant research ethics committee or institutional review
board. If human participants were involved, manuscripts must
be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that
appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.
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SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Bo
ok Antiqua with ample margins. Number all pages conse-
cutively, and start each of the following sections on a new
page: Title Page, Abstract, Introduction, Materials and Me-
thods, Results, Discussion, Acknowledgements, References,
Tables, Figures, and Figure Legends. Neither the editors nor
the publisher are responsible for the opinions expressed by
contributors. Manuscripts formally accepted for publication
become the permanent property of Baishideng Publishing
Group Co., Limited, and may not be reproduced by any means,
in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-
edit and put onto our website accepted manuscripts. Authors
should follow the relevant guidelines for the care and use
of laboratory animals of their institution or national animal
welfare committee. For the sake of transparency in regard to
the performance and reporting of clinical trials, we endorse
the policy of the International Committee of Medical Journal
Editors to refuse to publish papers on clinical trial results if
the trial was not recorded in a publicly-accessible registry at its
outset. The only register now available, to our knowledge, is
http://www. clinicaltrials.gov sponsored by the United States
National Library of Medicine and we encourage all potential
contributors to register with it. However, in the case that other
registers become available you will be duly notified. A letter of
recommendation from each author’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, ph-
otographs and illustrations because rejected manuscripts will
not be returned to the author(s) and the editors will not be
responsible for loss or damage to photographs and illustrations
sustained during mailing,

Online submissions

Manuscripts should be submitted through the Online Su-
bmission System at: http://www.wjgnet.com/1948-5182
office. Authors are highly recommended to consult the
ONLINE INSTRUCTIONS TO AUTHORS (http://www.
wjgnet.com/1948-5182/¢g_info_20100316080002.htm)
before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to wjh@wijgnet.com, ot
by telephone: +86-10-59080038. If you submit your manuscript
online, do not make a postal contribution. Repeated online
submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must
be submitted using word-processing software. All submissions
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with
ample margins. Style should conform to our house format.
Required information for each of the manuscript sections is as
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words
should be provided.

Authorship: Authorship credit should be in accordance with
the standard proposed by International Committee of Me-
dical Journal Editors, based on (1) substantial contributions
to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it
critically for important intellectual content; and (3) final approval
of the version to be published. Authors should meet conditions 1,
2, and 3.
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Institution: Author names should be given first, then the
complete name of institution, city, province and postcode. For
example, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral,
and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece

Author contributions: The format of this section should
be: Author contributions: Wang CL and Liang L contributed
equally to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong
F and Wu XM designed the research; Wang CL, Zou CC,
Hong F and Wu XM performed the research; Xue JZ and Lu
JR contributed new reagents/analytic tools; Wang CL, Liang L.
and Fu JF analyzed the data; and Wang CL, Liang L. and Fu JF
wrote the paper.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801

Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,

e.g, Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts
are acknowledged in each manuscript, and reviewers of articles
which were not accepted will be acknowledged at the end of
each issue. To ensure the quality of the articles published in
WJH, reviewers of accepted manuscripts will be announced
by publishing the name, title/position and institution of the
reviewer in the footnote accompanying the printed article. For
example, reviewers: Professor Jing-Yuan Fang, Shanghai Institute
of Digestive Disease, Shanghai, Affiliated Renji Hospital,
Medical Faculty, Shanghai Jiaotong University, Shanghai, China;
Professor Xin-Wei Han, Department of Radiology, The First
Affiliated Hospital, Zhengzhou University, Zhengzhou, Henan
Province, China; and Professor Anren Kuang, Department of
Nuclear Medicine, Huaxi Hospital, Sichuan University, Chengdu,
Sichuan Province, China.

Abstract

There are unstructured abstracts (no more than 256 words)
and structured abstracts (no more than 480). The specific re-
quirements for structured abstracts are as follows:

An informative, structured abstracts of no more than 480
wotds should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections.
AIM (no more than 20 words): Only the purpose should be
included. Please write the aim as the form of “To investigate/
study/...; MATERIALS AND METHODS (no more than
140 words); RESULTS (no more than 294 wotrds): You should
present P values where appropriate and must provide relevant
data to illustrate how they were obtained, e.g. 6.92  3.86 »s 3.61
+ 1.67, P < 0.001; CONCLUSION (no more than 26 words).
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Instructions to authors

Key words
Please list 5-10 key words, selected mainly from Index Medjcus,
which reflect the content of the study.

Text

For articles of these sections, original articles, rapid commu-
nication and case reports, the main text should be structured
into the following sections: INTRODUCTION, MATERIALS
AND METHODS, RESULTS and DISCUSSION, and
should include appropriate Figures and Tables. Data should be
presented in the main text or in Figures and Tables, but not in
both. The main text format of these sections, editorial, topic
highlight, case report, letters to the editors, can be found at:
http://www.wignet.com/1948-5182/¢g_info_listhtm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf;
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wignet.com/1007-9327/13/4986.pdf; http://www.
wignet.com/1007-9327/13/4498.pdf. Keeping all elements
compiled is necessary in line-art image. Scale bars should
be used rather than magnification factors, with the length
of the bar defined in the legend rather than on the bar
itself. File names should identify the figure and panel. Avoid
layering type directly over shaded or textured areas. Please use
uniform legends for the same subjects. For example: Figure 1
Pathological changes in atrophic gastritis after treatment. A:...;
B.; Ci..i; Des Eis Fro; Gr LLLete It ds our principle to publish
high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ef., and mentioned
clearly in the main text. Provide a brief title for each table.
Detailed legends should not be included under tables, but rather
added into the text where applicable. The information should
complement, but not duplicate the text. Use one horizontal line
under the title, a second under column heads, and a third below
the Table, above any footnotes. Vertical and italic lines should be
omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted.
‘P < 0.05, "P < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, °P < 0.05 and P <
0.01 are used. A third series of P values can be expressed as ‘P
< 0.05 and ‘P < 0.01. Other notes in tables or under illustrations
should be expressed as 'E, °F, °F; ot sometimes as other symbols
with a supersctipt (Arabic numerals) in the upper left corner. In
a multi-curve illustration, each curve should be labeled with e, o,
m, 0, A, /\, ¢l in a certain sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/
ot illustrations.

REFERENCES

Coding system

The author should number the references in Arabic numerals
according to the citation order in the text. Put reference nu-
mbers in square brackets in superscript at the end of citation
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Instructions to authors

content or after the cited authot’s name. For citation content
which is part of the narration, the coding number and square
brackets should be typeset normally. For example, “Crohn’
s disease gCD) is associated with increased intestinal per-
meability™”. Tf references are cited directly in the text, they
should be put together within the text, for example, “From
[19,22-24] 2

references , we know that...

When the authors write the references, please ensure that
the order in text is the same as in the references section, and
also ensure the spelling accuracy of the first author’s name. Do
not list the same citation twice.

PMID and DOI

Pleased provide PubMed citation numbers to the reference
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crosstef.org/SimpleTextQuery/, respectively. The numbers will
be used in E-version of this journal.

Style for journal references

Authors: the name of the first author should be typed in bold-
faced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of
the cited article and italicized journal title (journal title should
be in its abbreviated form as shown in PubMed), publication
date, volume number (in black), start page, and end page [PMID:
11819634 DOI: 10.3748 /wjg.13.5396).

Style for book references

Authors: the name of the first author should be typed in bold-
faced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end page.

Format

Journals

English journal article (list all authors and include the PMID where
applicable)

1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World
] Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224
DOI: 10.3748 /wjg.13.6356]

Chinese journal article (list all authors and include the PMID where
applicable)

2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaohuna Zazhi 1999; 7: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson ], Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sei USA 2006; In press

Organization as anthor

4 Diabetes Prevention Program Research Group. Hy-
pertension, insulin, and proinsulin in participants with
impaired glucose tolerance. Hypertension 2002; 40: 679-686
[PMID: 12411462 PMCID:2516377 DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal anthors and an organization as author

5  Vallancien G, Emberton M, Harving N, van Moorselaar
RJ; Alf-One Study Group. Sexual dysfunction in 1,
274 European men suffering from lower urinary tract
symptoms. | Ure/ 2003; 169: 2257-2261 [PMID: 12771764
DOI1:10.1097/01.ju.0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail.
BM]J 2002; 325: 184 [PMID: 12142303 DOI:10.1136/
bmj.325.7357.184]
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Volume with supplement

7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in compatison with sumatriptan.
Headache 2002; 42 Suppl 2: $93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.52.7 x]

Issue with no volume

8  Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

Chapter in a book (list all anthors)

11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450

Author(s) and editor(s)

12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34

Conference proceedings

13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tu-
mours V. Proceedings of the 5th Germ cell tumours Con-
ference; 2001 Sep 13-15; Leeds, UK. New York: Springer,
2002: 30-56

Conference paper

14  Christensen S, Oppacher E An analysis of Koza's compu-
tational effort statistic for genetic programming, In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors.
Genetic programming, EuroGP 2002: Proceedings of the
5th European Conference on Genetic Programming; 2002
Apr 3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)

15 Morse SS. Factors in the emergence of infectious di-
seases. Emerg Infect Dis serial online, 1995-01-03, cited
1996-06-05; 1(1): 24 screens. Available from: URL: http://
www.cde.gov/ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., ass-
ignee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 2002 Aug 1

Statistical data
Write as mean = SD or mean * SE.

Statistical expression

Express ¢ test as 7 (in italics), F test as F (in italics), chi square
test as xz (in Greek), related coefficient as r (in italics), degree
of freedom as v (in Greek), sample number as # (in italics),
and probability as P (in italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) =
96 h, blood glucose concentration, ¢ (glucose) 6.4 * 2.1 mmol/L,;
blood CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO,
volume fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, ef.
Arabic numerals such as 23, 243, 641 should be read 23243 641.
The format for how to accurately write common units and
quantums can be found at: http://wwwwijgnet.com/1948-5182/
g_info_20100107115140.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and
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on first mention in the text. In general, terms should not be
abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBYV, ECG, WBC, RBC, CT, ESR, CSE, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, 4 area, /
length, 7 mass, I volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BamHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5182/¢_info_201003
16080004.htm

Frontier: http://wwwwijgnet.com/1948-5182/¢_info_20100315103
153.htm

Topic highlight: http:/ /www.wjgnet.com/1948-5182/¢_info_2010
0316080006.htm

Observation: http://www.wjgnet.com/1948-5182/¢_info_2010
0107112630.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/1948-5182/
g info_20100315103748.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948-
5182/¢g_info_20100315103829.htm

Review: http://www.wjgnet.com/1948-5182/g_info_20100
107112834.htm

Original articles: http://www.wjgnet.com/1948-5182/¢_info_
20100107113351.htm

Brief articles: http://wwwwijgnet.com/1948-5182/¢_info_20100
315104523.htm

Case repott: http://www.wjgnet.com/1948-5182/g_info_2010010
7113649 .htm

Lettets to the editor: http://wwwwignet.com/1948-5182/_info_20
100107114003.htm

Book reviews: http://www.wignet.com/1948-5182/¢_info_2010
0315105017.htm

Guidelines: http://www.wijgnet.com/1948-5182/¢_info_2010
0315105107 htm

SUBMISSION OF THE REVISED MANUSCRIPTS
AFTER ACCEPTED

Please revise your article according to the revision policies
of WJH. The revised version including manuscript and high-
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Instructions to authors

resolution image figures (if any) should be copied on a floppy or
compact disk. The author should send the revised manuscript,
along with printed high-resolution color or black and white
photos, copyright transfer letter, and responses to the reviewers
by coutier (such as EMS/DHL).

Editorial Office

World Journal of Hepatology

Editorial Department: Room 903, Building D,
Ocean International Center,

No. 62 Dongsihuan Zhonglu,

Chaoyang District, Beijing 100025, China
Telephone: +86-10-59080038

Fax: +86-10-85381893

E-mail: wih@wignet.com
http://www.wjgnet.com

Language evaluation

The language of a manuscript will be graded before it is
sent for revision. (1) Grade A: priority publishing; (2) Grade
B: minor language polishing; (3) Grade C: a great deal of
language polishing needed; and (4) Grade D: rejected. Revised
articles should reach Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://
www.wjgnet.com/1948-5182/¢_info_20100107114726.htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the
reviewers’ comments can be found at: http://www.wjgnet.

com/1948-5182/¢_info_20100107114601.htm.

Proof of financial support
For paper supported by a foundation, authors should provide
a copy of the document and serial number of the foundation.

Links to documents related to the manuscript

IWJH will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments
on the peer reviewer’s report, authors’ responses to peer re-
viewers, and the revised manuscript. We hope that authors will
benefit from this feedback and be able to revise the manuscript
accordingly in a timely manner.

Science news releases

Authors of accepted manuscripts are suggested to write a
science news item to promote their articles. The news will be
released rapidly at EurekAlert/AAAS (http://www.cutrekalert.
org). The title for news items should be less than 90 characters;
the summary should be less than 75 words; and main body less
than 500 words. Science news items should be lawful, ethical, and
strictly based on your original content with an attractive title and
interesting pictures.

Publication fee

Authors of accepted articles must pay a publication fee.
EDITORIAL, TOPIC HIGHLIGHTS, BOOK REVIEWS and
LETTERS TO THE EDITOR are published free of charge.
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