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Abstract
Recent histological and molecular characterization of 
cholangiocarcinoma (CCA) highlights the heterogeneity 
of this cancer that may emerge at different sites of the 
biliary tree and with different macroscopic or morpho-
logical features. Furthermore, different stem cell niches 
have been recently described in the liver and biliary 

tree, suggesting this as the basis of the heterogeneity 
of intrahepatic (IH)- and extrahepatic (EH)-CCAs, which 
are two largely different tumors from both biological 
and epidemiological points of view. The complexity of 
the organization of the liver stem cell compartments 
could underlie the CCA clinical-pathological heteroge-
neity and the criticisms in classifying primitive liver tu-
mors. These recent advances highlight a possible new 
classification of CCAs based on cells of origin and this 
responds to the need of generating homogenous diag-
nostic, prognostic and, hopefully, therapeutic categories 
of IH- and EH-CCAs. 

© 2012 Baishideng. All rights reserved.

Key words: Intrahepatic cholangiocarcinoma; Extrahe-
patic cholangiocarcinoma; Cholangiocarcinoma clas-
sification; Cholangiolocarcinoma; Cells of origin; Cancer 
stem cells; Peribiliary glands; Biliary tree stem/progeni-
tor cells; Human hepatic stem cells; Risk factors; Tar-
geted therapies
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INTRODUCTION
Cholangiocarcinoma (CCA) is an extremely heteroge-
neous cancer from a topographical, morphological, bio-
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logical and clinical point of  view[1-8]. The two main forms, 
intrahepatic (IH)- and extrahepatic (EH)-CCAs, showed, 
in the last decades, opposite epidemiological behavior, 
with incidence and mortality progressively increasing for 
the IH form but stable or slightly decreasing for the EH 
form[6-8]. This suggests different risk factors and, indeed, 
evidence exists that IH- and EH-CCAs may emerge from 
a different pathological background[8]. A large body of  
recent literature deals with the role of  stem cells in car-
cinogenesis[9,10]. In this regard, different stem cell niches 
have been recently identified in the liver and biliary tree 
with new implications of  the origin of  primitive liver can-
cers[11-15]. The complexity of  the organization of  the liver 
stem cell compartments could underlie the CCA clinical-
pathological heterogeneity and well justifies the difficul-
ties in clinical-pathological classification of  primitive liver 
tumors[16-18]. Another point of  great consideration is the 
relationship between chronic liver damage and the devel-
opment of  primitive liver tumors. Indeed, the chronically 
injured liver and biliary tree could be considered a classic 
model of  stem cell derived carcinogenesis where the ac-
tivation and proliferation of  the stem cell compartment 
in response to tissue injury represent the first step of  
the carcinogenetic process[19-21]. In light of  these recent 
advances, histological and morphological classification 
of  primitive liver cancer is currently under revision, tak-
ing into consideration the potential cells of  origin[17,18]. 
Histological characterization of  CCAs based on cell of  
origin responds to the need of  generating homogenous 
diagnostic, prognostic and therapeutic categories or class-
es for IH- and EH-CCAs. The cells of  origin of  CCAs 
also represent the cell targets of  the hepatic and biliary 
diseases associated with the development of  CCAs and 
this could explain the association of  determined hepatic 
and biliary pathologies with each category of  CCA, other 
than the differences in terms of  epidemiological, behav-
ioral and risk factors.

IH AND EH STEM CELL NICHES
CCA arises from the lining epithelium and peribiliary 
glands (PBGs) of  the IH and EH biliary tree and shows 
variable degree of  differentiation[1-5]. It has been recently 
elucidated how stem cells are particularly prone to be in-
volved in the carcinogenic process due to their particular 
biological features[9,10]. Stem cell niches have been firstly 
identified within the adult liver in the canals of  Hering, 
remnants of  the ductal plate of  fetal and neonatal liv-
ers[11-13]. Human hepatic stem cells (hHpSCs) residing in 
the canals of  Hering can differentiate into hepatocytes 
and cholangiocytes lining the small bile ducts, which in 
turn can give rise to tumors with a whole range of  phe-
notypes, with varying hepatocellular and biliary differenti-
ation characteristics[5]. More recently, additional stem cell 
niches have been identified in PBGs[14,15]. PBGs are mu-
cin-producing glandular elements located in the wall of  
the EH and large IH bile duct. Within PBGs, stem/pro-
genitor cell niche composed of  multipotent stem/pro-

genitor cells of  endodermal origin (biliary tree stem/pro-
genitor cells: BTSCs) has been described, which represent 
the only cells potentially underlying the mucin-producing 
cells lineage within the liver[14,15]. PBGs are distributed 
along the biliary tree starting intrahepatically at the level 
of  septal-segmental bile ducts and ending at the hepato-
pancreatic common duct near the duodenum. PBGs are 
particularly high in density at the level of  the cystic duct, 
hilum and periampular region, sites where EH-CCAs 
typically emerge[14,15]. The IH PBGs are indistinguishable 
from the EH ones[22]. For decades, the heterogeneity of  
IH and EH bile ducts has been the object of  extensive 
investigations and the embryological origin of  the bili-
ary tree furnishes the basis for this topic[23,24]. From an 
embryological point of  view, indeed, the medium-large 
IH and the EH bile ducts recognize a unique origin and 
represent the result of  the proliferation of  the primitive 
endoderm at porta hepatis[23,24]. The interlobular bile ducts, 
in contrast, derive from SOX (SRY (sex determining 
region Y)-box) 9 positive progenitors following the re-
organization of  the ductal plate[23,25]. Septal ducts (medium 
size), segmental ducts, larger IH bile ducts and EH bile 
ducts share unique histological features characterized by a 
discrete duct with a well defined wall constituted of  con-
nective tissue supporting the lining epithelia[22]. Another 
unique feature joining the large IH bile ducts and the EH 
bile ducts is the presence in the duct wall of  the PBGs[22]. 
Furthermore, the large segments of  the biliary tree share 
with EH bile ducts similar characteristic expression of  
cell markers both in physiological and pathological condi-
tions that largely differ with respect to those observed 
in the interlobular bile ducts[26]. Specifically, pancreatic 
α-amylase, trypsin and pancreatic lipase are expressed in 
biliary cells lining the PBGs in immature ducts in fetal 
livers and in mature large bile ducts in postnatal livers[26]. 
Differently, these phenotypical markers disappear quickly 
when hHpSCs derived lineage restrict towards mature 
hepatocyte or cholangiocyte fates (9-25 wk of  gestation) 
and interestingly expression is not found in developing 
peripheral IH bile ducts[26]. Recently, we demonstrated[14,15] 
that PBGs are stem cell niches in human EH bile ducts 
and that the maturation lineage progresses from the stem 
cells located in the deeper part of  the wall, within the 
PBGs, to mature cells lining the surface epithelia[15]. We 
also observed an increased mucin production with the 
maturation in the duct wall[15]. The individuation of  a 
stem cell niche within the bile ducts[14,15] opens the possi-
bility that BTSCs within PBGs and their descendent cells 
could be further considered as cells-of-origin of  mucin-
producing CCAs (Figure 1).

CANCER STEM CELLS AND CANCER 
CELLS OF ORIGIN: DEFINITIONS
The definition “cancer stem cell (CSC)” indicates the cel-
lular subset within the tumor that uniquely sustains malig-
nant growth. Differently, the term “cell-of-origin” defines 
the normal cell that acquires the first cancer-initiating 
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mutation(s)[27]. Although the terms “cell-of-origin” and 
CSC have been used interchangeably, they are distinct 
concepts referring to cancer-initiating cells and cancer-
propagating cells, respectively[27,28]. The cancer-initiating 
cell denotes the cell-of-origin. It is important to note that 
the cell-of-origin is not necessarily related to the CSC and 
its phenotype may be substantially different[27]. The cancer 
cell-of-origin has great importance in tumor cell fate and 
pathology; the activation of  the same genetic/epigenetic 
mutation in different maturational phases within a cellular 
lineage of  a given organ may have profound implication, 
either in malignant potential or in cancer morphology 
and phenotype (intratumoral heterogeneity)[29]. This is the 
case in a transgenic mouse model which showed how the 
mutation of  Hras targeted to the hair follicle region (earlier 
cells within the lineage) highly predisposed mice to squa-
mous carcinomas, whereas the targeting to interfollicular 
or suprabasal cells (more differentiated cells) resulted in 
papillomas with low malignant potential[30,31].

LIVER CANCER STEM CELLS AND NEW 
CANCER THERAPEUTIC TARGETS
Many years of  investigations and daily clinical practice 
suggest an alternative model of  carcinogenesis where 
only a subset of  CSCs has the ability to proliferate ex-
tensively and form new tumors[9,10]. Signalling pathways 
associated with oncogenesis, including the Notch, Sonic 
hedgehog and Wnt signalling, play a major role in regulat-

ing stem cell self-renewal. The machinery for self-renewal 
is already activated in CSCs, thus fewer mutations may 
be required to maintain self-renewal than to activate it 
ectopically. Stem cells often persist for long periods of  
time, increasing the probability of  mutations. CSCs tend 
to be more resistant to chemotherapeutics due to high 
levels of  expression of  multidrug resistance genes[9]. As 
far as liver is concerned, intermediate carcinoma may be 
a distinct type of  primary liver carcinoma, morphologi-
cally and phenotypically intermediate between hepatocel-
lular carcinoma (HCC) and CCA, which originates from 
transformed hepatic progenitor cells[32]. Moreover HCCs 
expressing biliary cell markers, such as keratin(K)7 and 
K19, have been demonstrated to carry a significantly 
poorer prognosis and have a higher recurrence rate after 
surgical resection and liver transplantation[5]. A number 
of  cell surface markers have been proved to be useful 
for the isolation of  CSC enriched fractions in liver ma-
lignancies, including CD133 (also known as Prominin-1), 
CD44, CD24, epithelial cell adhesion molecule (EpCAM), 
α-fetoprotein, Thy-1 and ATP-binding cassette B5, as 
well as Hoechst33342 exclusion by the side population 
cells[28]. Indeed, recently, it has been described that a poor 
prognosis characterizes HCCs expressing stem markers 
such as EpCAM and CD133[33,34]. A correlation between 
the stage of  hepatic differentiation and clinical mani-
festation, notably vascular invasion, metastatic spread 
and patient survival, was also established[10,33-35]. Primary 
liver tumors might arise from impairment of  the normal 
liver differentiation program associated with excessive 
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Canals of Hering (hHpSC-derived lineage)

Human hepatic 
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Immature 
cholangiocytes 
(NCAM+)
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cholangiocytes 
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Combined HCC-CCA

IH-CCA
Ductular type or 
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(NCAM+)
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Small bile duct type 
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IH and EH bile duct

and
goblet cells

(Mucin-Producing)

Oncogenic events

Histology: involvement within the tumour of large ducts 
and of PBGs, mucin production
Grossly: peri-ductal infiltrating /mass forming growth 
Clinical: IH bile ducts dilatation and jaundice
Associated diseases: large IH and EH bile ducts pathologies

Histology: mixed differentiation features including focal 
hepatocytic differentiation and CCL features
Grossly: peripheral location and mass forming growth
Clinical: not IH bile ducts dilatation and jaundice
Associated diseases: liver cirrhosis

Figure 1  Schematic diagram of the cell-lineages-of-origin and relative cells-of-origin within and of the related cholangiocarcinoma subtypes. Cells belong-
ing from human hepatic stem cell (hHpSC) lineage or from biliary tree stem/progenitor cell (BTSC) lineage are retained cells of origin of different intrahepatic (IH)- 
and extrahepatic (EH)-cholangiocarcinoma (CCA) subtypes recently described[17,18,58]. Histology, grossly, the main clinical features and the associated diseases of the 
CCAs arising within the two cell lineages are showed respectively. HCC: Hepatocarcinoma; CLC: Cholangiolocarcinoma.
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Wnt/β-catenin signaling[10]. Recently, EpCAM was identi-
fied as a direct transcriptional target of  Wnt/β-catenin 
signaling in HCC[36]. A number of  EpCAM-regulated 
target genes have been identified, including c-myc and 
cyclins, and additional genes involved in cell growth and 
proliferation, cell cycle and cell death[10]. These findings 
indicate that expression of  EpCAM is strongly linked 
with proliferation of  stem cells and that cancer develop-
ment from CSCs may occur after aberrant EpCAM re-
expression. Recently, it has been demonstrated that the 
induction of  terminal differentiation of  HCC CSCs by 
using oncostatin M is associated with a marked reduc-
tion of  the proliferative properties of  the cells and with 
enhanced sensibility to chemotherapy[34]. Finally, a subset 
of  highly chemoresistant and invasive HCC CSCs with 
aberrant expressions of  IL-6 and the transcription factor 
Twist has been recently described. This subset of  CSCs 
displays regulated let-7 and miR-181 miRNA family 
members, where modulation of  both miRNA depend-
ent pathways can impact significantly on their biology[35]. 
Thus, the modulation of  aberrantly expressed miRNA in 
HCC CSCs may be a useful strategy to limit CSC differ-
entiation and invasion or improve responses to cytotoxic 
therapies. In different cancers, recent studies addressed 
potential strategies of  treatment based on selective tar-
get of  specific CSCs[10]. Various therapeutic drugs that 
directly modulate CSCs have been examined in vivo and 
in vitro. However, CSCs clearly have a complex pathogen-
esis, with a considerable crosstalk and redundancy in sig-
naling pathways, and hence targeting single molecules or 
pathways may have a limited benefit for treatment. Many 
of  the key signaling molecules are shared by both CSCs 
and normal stem cells, which add further challenges for 
designing molecularly targeted strategies specific to CSCs. 
In addition to the direct control of  CSCs, many other 
factors that are needed for the maintenance of  CSCs, 
such as angiogenesis, vasculogenesis, invasion and migra-
tion, hypoxia, immune evasion, multiple drug resistance 
and radioresistance, should be taken into consideration 
when designing therapeutic strategies[10]. In CCA, these 
studies are only at the beginning and the heterogeneity 
of  this cancer further hampers advancement. To this lat-
ter regard, obtaining clinical-pathological information 
capable of  driving the diagnostic setting or the accurate 
realization of  basic science studies pass through the man-
datory acquisition of  CCA tissue[37].

CCA CELLS OF ORIGIN AND NEW CCA 
CLASSIFICATION PROPOSALS
CCA is the primary malignancy of  the biliary tract[38]. 
This cancer has been classified as either IH or EH, with 
the second-order bile ducts acting as the separation 
point[4]. Classically, EH-CCA has been divided into peri-
hilar and distal CCA. According to the American Joint 
Cancer Committee/Union for International Cancer Con-
trol perihilar CCA is proximally separated from IH-CCA 
by the second-order bile ducts and distally separated from 

distal EH-CCA by the insertion of  the cystic duct into 
the EH biliary tree[39]. CCA arises from the lining epithe-
lium and peribiliary PBGs of  the IH and EH biliary 
tree[18]. Recent studies further stressed the concept of  
CCA heterogeneity. The accurate comparison of  lineage 
markers between normal and neoplastic cells can lead to 
individuate the cell-of-origin in different tumor subtypes 
arising within a given organ, even if  tumor cells show 
phenotypical plasticity or dedifferentiate during neoplas-
tic progression (Table 1). Therefore, lineage markers and 
molecular signatures of  tumor cells may not precisely re-
flect the true cell-of-origin in normal tissue. The individu-
ation of  a stem cell niche within the bile ducts opens the 
possibility that BTSCs within PBGs could be further 
considered as cells-of-origin of  mucin-producing CCA[14,15] 
(Figure 1). Indeed, BTSCs represent the only cells poten-
tially underlying the mucin-producing cells lineage within 
the liver. Strict similarities between the pathologies of  bil-
iary tract and pancreas have been recently suggested[18]; in 
response to injury, pancreatic duct glands undergo a mu-
cinous metaplasia and have been indicated as a possible 
cell of  origin of  pancreatic cancer[18]. An unresolved 
question regarding CCA is which cell have to be consid-
ered as cells-of-origin (Figure 1). The involvement of  dif-
ferent cells-of-origin could underlie CCA heterogene-
ity[27]. The most primitive cells, stem cells, are candidates 
for targets of  transformation because of  their self-renew-
al and longevity, which would allow the sequential accu-
mulation of  genetic or epigenetic mutations[27]. Two stem 
cell niches have been described within the liver: the Ca-
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Table 1  Phenotype markers of candidate cholangiocarcinoma 
cells of origin

Marker Mature 
cholangiocytes

hHpSCs in canals 
of Hering

BTSC in 
peribiliary 

glands

Nanog, OCT4 - - +
CXCR4 - - +
FoxA ½ - - +
PDX1, NGN3 - - +
AFP - + +
Sox 9/17 - + +
Prominin-1 (CD133) - + +
EpCAM +/- + +
NCAM - + +
Thy - + +
CK7/19 + + +
Secretin Receptor + - -
γGT + +/- +/-

Comparison of the phenotype among mature cholangiocytes, hepatic stem 
cells (hHpSCs) in canals of hering and biliary tree stem/progenitor cells 
(BTSC) in peribiliary glands. Mature cholangiocytes do not express mark-
ers of stem/progenitor cells. A complete study of the phenotype of cholan-
giocarcinoma considering these markers would indicate the probable cell 
of origin. AFP: α-fetoprotein; CD133: Prominin; CK: Cytokeratin; CXCR4: 
CXC-chemokine receptor 4; EpCAM: Epithelial cell adhesion molecule; 
FOXa2: Forkhead box a2; γGT: γ-glutamiltranspeptidasi; NCAM: Neural 
cell adhesion molecule; NGN3: Neurogenin 3; OCT4: Octamer-binding 
transcription factor 4 also known as POU5F1 (POU domain, class 5, tran-
scription factor 1); PDX1: Pancreatic and duodenal homeobox 1;  SOX: Sry-
related HMG box.
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nals of  Hering containing hHpSCs[13] and IH PBGs com-
posed of  BTSCs[14,15]. Nakanuma et al[18] recently proposed 
a new classification of  CCA taking into consideration the 
heterogeneity of  hepatic stem/progenitor cells and the 
pathological similarities between biliary and pancreatic 
neoplasms. The authors classified IH-CCA into: (1) bile 
ductular type or cholangiolocarcinoma (CLC); (2) intra-
ductal neoplasm type; (3) conventional (bile duct) type 
and; and (4) rare variants[18]. CLC is thought to originate 
from canals of  Hering/bile ductules where hHpSCs are 
located. Komuta et al[17,40] showed that this subtype of  
CCA is mainly composed of  CLC areas showing small 
monotonous and/or anastomosing glands, strongly posi-
tive for K7 and K19, with tumor boundary being charac-
terized by a HCC-like trabecular area and with some cases 
expressing CCA areas with scarce mucin production. A 
comparison between CLC with K19-positive HCC and 
with combined HCC-CCA indicated a high homolo-
gy[17,40]. The clear origin of  CCL from hHpSCs or imme-
diate descendent cells deserves high attention and the ac-
curate histological observation of  transitional zones 
within the tumor and the phenotype characterization are 
strongly recommended for a proper diagnosis. Following 
the maturation arrest theory, one could speculate that 
CCL represents the result of  a carcinogenetic process in-
volving cells within the lineage derived from the hHpSCs 
and that the differentiation grade of  the tumor reflects 
the grade of  maturation of  the cells primarily involved in 
the carcinogenesis process (Figure 1). In this view, the 
CCAs arising from the interlobular bile duct (small bile 
duct type CCAs) could be considered a tumor arising 
from differentiated cells belonging to the hHpSC-derived 
lineage (Figure 1). The evidence that IH-CCA and EH-
CCA may be dissimilar tumors is supported by the recent 
discovery that, in vitro, they express diverse cellular pro-
teins and have different cellular shape, doubling time, 
chromosome karyotype and chemosensitivity[41]. Similarly, 
researchers from France showed that hilar CCAs express 
higher levels of  MUC5AC (60% vs 22%), Akt2 (64% vs 
36%), K8 (98% vs 82%), annexin (56% vs 44%) and less 
vascular epithelial growth factor (VEGF) (22% vs 78%) 
as compared to IH-CCAs[42]. Moreover, prognostic mark-
ers were differentially expressed, as hilar CCAs carried 
out stronger perineural invasion (83% vs 42%) than pe-
ripheral CCAs[42]. The different biological and molecular 
features strongly support the concept that IH-CCA and 
EH-CCA arise from different carcinogenetic processes 
and different cells-of-origin. Particularly relevant in the 
view of  future clinical trials is the lower expression of  
VEGF in EH-CCA with respect to the IH-CCA, which 
could affect the response to anti-angiogenic based thera-
py. Relevant advantages in the way to a physio-pathologi-
cal classification of  the CCAs have been recently achieved 
by Komuta et al[17], who carried out a study aiming to in-
vestigate the CCA histological diversity in relationship to 
the heterogeneity of  cholangiocytes lining the biliary tree: 
hilar mucin producing cells vs peripheral cuboidal ductu-
lar cells or hHpSCs. They investigated the clinical-patho-

logical and molecular features of  79 resected CCAs and 
their relationship with hHpSCs and compared the spec-
trum of  CCAs with respect to K19-positive or negative 
HCCs. According to this study, 52% of  the IH-CCAs 
were pure mucin producing, whereas 48% showed mixed 
differentiation features, including focal hepatocytic differ-
entiation and CCL features. CCAs with mixed features 
(mixed-CCAs) showed peripheral location, larger tumor 
size, less microvascular invasion, less lymph node involve-
ment compared to pure mucin producing CCAs which 
showed perihilar location, smaller tumor size, more mi-
crovascular invasion and more lymph node involvement. 
S100p expression was seen only in pure mucin-producing 
CCAs, while NCAM expression was only present in 
mixed-CCAs and particularly in CLC. Molecular profiling 
showed high homology between mixed-CCAs and K19-
positive HCCs (considered of  hHpSCs origin). The au-
thors concluded that mixed-CCAs and K19-positive 
HCCs have a similar molecular profile as the most pe-
ripheral ductules containing hHpSCs, while mucin pro-
ducing CCAs have a similar profile to mucin producing 
large IH and EH bile ducts, possibly reflecting the differ-
ent cells-of-origin[17]. Differences in clinical-pathological 
features between CCAs arising from small (interlobular 
bile ducts) or medium-large IH bile ducts are under in-
vestigations. Responding to the need for classifying IH-
CCA in relationship to the hetereogenity of  the small vs 
the medium-large IH bile ducts, recently Nakanuma et al[18] 
proposed to separately consider a small bile duct type 
(peripheral type) and a large bile duct type (perihilar type). 
The former is mainly described as a tubular or micropap-
illary adenocarcinoma while the latter involves the IH 
large bile ducts. In accordance with phenotypic differenc-
es between interlobular and medium-large bile ducts, 
Aishima et al[43] investigated 87 cases of  IH-CCA smaller 
than 5 cm in diameter. They considered a hilar type IH-
CCA, showing IH large bile duct involvement within the 
tumor, and a peripherla type IH-CCA contained pre-
served architecture of  the portal triad. They demonstrat-
ed that the frequency of  perineural invasion, lymph node 
metastasis, vascular invasion, IH metastasis and EH re-
currence of  IH-CCA from large ducts was significantly 
higher than that of  IH-CCA from small ducts[43]. The 
survival of  patients with IH-CCA from large ducts was 
worse than that of  patients with IH-CCA from small 
ducts[43]. In our hypothesis, the clinical-pathological dif-
ferences observed among CCAs arising from small bile 
ducts and large bile ducts reflect the different lineage of  
origin, with the former arising from cells of  the hHpSC-
derived lineage and the latter arising from BTSC-derived 
lineage (Table 1, Figure 1). Also, the multiple lineages of  
origin could determine differences in signaling pathways 
or epigenetic mechanisms associated with the early phase 
of  tumor development in the course of  the hepatic and 
biliary diseases. By considering the process of  maturation 
from the two different stem cell niches (canals of  Hering 
and PBGs), one could expect that some IH-CCAs origi-
nate from cells within the lineage starting in the canals of  
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Hering (hHpSC-derived lineage), while other IH-CCAs 
and the EH-CCAs could originate from cells within the 
lineage starting in the PBGs (BTSC-derived lineage) of  
the medium-large IH and EH bile ducts (Figure 1). The 
former could be constituted, on the basis of  the grade of  
maturation of  the cell-of-origin (maturation arrest), by 
combined HCC-CCA, CCL and CCA of  the small bile 
ducts (interlobular), while the latter by CCA of  the large 
bile ducts with variable degree of  mucin production 
(Figure 1).

RISK FACTOR AND ASSOCIATED 
PATHOLOGIES: HOW THEY FIT WITH 
THE RECENT CLASSIFICATION OF CCAS 
BASED ON CELLS OF ORIGIN 
Actually, the role of  hHpSC in normal turnover of  hepa-
tocyte and cholangiocyte is debated[44,45]. In contrast, nu-
merous evidences indicate the activation of  resident stem 
cell compartment in the majority of  acute and chronic 
liver diseases. In chronic hepatic diseases, hHpSCs highly 
proliferate and give rise to newly derived EpCAM posi-
tive hepatocytes in correlation with hepatocyte senes-
cence[46,47]. More recently, an additional stem cell niche 
has been identified in the PBGs[14,15]. PBGs are particu-
larly high in density at the level of  cystic duct, hilum and 
periampular region, sites where CCAs typically emerge[48]. 
Within PBGs, stem cell niche has been recently described 
which is composed by multipotent stem/progenitor cells 
of  endodermal origin (BTSCs) and potentially supplies 
the renewal of  the surface epithelium of  large IH bile 
duct and EH biliary tree[14,15]. During pathological condi-
tions of  large bile ducts PBG cells proliferate potentially 
underlie the increased turnover of  mature cells. The 
existence of  two different stem cell niches, the canals 
of  Hering and the PBGs, involved in the cell turnover 
of  IH and EH biliary tree in adult life and activated in 
pathological conditions, has been recently put in relation-
ship with CCA clinical-pathological heterogeneity as well 
as with differences in risk factors between IH- and EH-
CCA[8,18,49]. We recently revised the literature dealing with 
risk factors and pathologies associated with IH- and EH-
CCA[8]. It is clearly evident from the literature that there 
are pathologies exclusively associated with IH-CCA or 
EH-CCA and pathologies associated with both. Choledo-
chal cysts, cholangitis/primary sclerosing cholangitis 
(PSC), secondary biliary cirrhosis, choledocholithiasis, 
cholecystitis and liver flukes are pathological conditions 
primarily affecting large intra-hepatic bile ducts and/or 
extra-hepatic bile ducts. In keeping, these pathological 
conditions are risk factors for both IH- and EH-CCA. 
Differently, parenchymal liver diseases, including chronic 
viral and non-viral liver diseases and schistosomiasis, ex-
clusively target interlobular bile ducts, bile ductules and 
the canals of  Hering and, consistently, these pathologies 
are exclusively associated with development of  IH-CCA. 
These pathologies are characterized by a strong ductular 

reaction, a phenomenon involving interlobular bile ducts, 
bile ductules and canals of  Hering, which is currently 
considered the morphological expression of  the activa-
tion of  the stem/progenitor cell compartment aimed 
to repair liver injury[50]. From the other side, pathologies 
of  the large IH and EH bile ducts, such as liver flukes, 
cholangitis, PSC, choledochal cysts, secondary biliary cir-
rhosis, choledocholithiasis, hepatholithiasis and cholecys-
titis, are characterized by the involvement of  PBGs where 
cells proliferate and acquire the expression of  stem cells 
and neuroendocrine markers (C-met, c-erbB-2, argirophil 
granules, chromogranin A)[51-54]. On the basis of  these 
recent observations, we hypothesize that early cells within 
PBGs are the sites of  origin of  malignancies associated 
with chronic diseases or pathological conditions of  the 
IH medium-large and EH bile ducts[8]. Differently, paren-
chymal liver diseases, including chronic viral and non-viral 
liver diseases and especially the liver cirrhosis, could be 
recognized as the associated diseases of  the CCAs arising 
from the hHpSC derived lineage[8]. In complete agreement 
with this hypothesis, it has been recently demonstrated 
that viral hepatitis is associated with IH-CCA with cholan-
giolocellular differentiation and N-cadherin expression[55]. 
We strongly believe that a lineage based classification of  
the CCAs could reveal the real strength of  association of  
determined hepatic or biliary diseases with each class of  
CCA or resolve the bias of  the spurious associations. Fur-
ther studies are needed to corroborate these hypotheses 
which could explain the large different epidemiological 
profile of  IH- and EH-CCA[8,49]. 

NEW INSIGHTS INTO LIVER STEM 
CELLS ORGANIZATION AND CCA 
DEVELOPMENT
Although the role of  hHpSC in normal turnover of  he-
patocyte and cholangiocyte is still debated[44,45], the role 
of  the stem cells during hepatic and biliary development 
has been recently better elucidated. Specifically, it was 
shown that interlobular bile ducts, during the early phase 
of  embryological development, derive from the differ-
entiation of  hepatoblasts located closely to the forming 
portal tract (ductal plate) and is driven by the expression 
of  SOX9[25]. Recently, Carpentier et al[44] came to the inno-
vative result that the cells of  the canals of  Hering would 
be in direct communication and hierarchically derived 
from cells originating from the ductal plate. Ductal plate 
derived lineage should supply the epithelium of  the inter- 
and intralobular bile ducts and passing through the canals 
of  Hering should give rise to the periportal hepatocytes. 
In this way, the development of  the biliary tree and liver 
should proceed from the hilum to the periphery. Large 
IH bile ducts and EH bile ducts are very similar in terms 
of  histology, cell phenotype and share common stem 
cells constituted by the BTSCs of  the PBGs[14,15]. This is 
in keeping with their common embryological origin from 
a pancreatic-biliary progenitor [SOX17+/pancreatic and 
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duodenal homeobox 1(PDX1)+], representing the result 
of  the organization of  the proliferation of  the primitive 
endoderm at the porta hepatis. Recently, we demonstrated 
that remnants of  these multipotent stem cells deriving 
from ventral endoderm are still present in the adult bili-
ary tree, especially within PBGs[14,15]. The phenotype of  
the cells lining the large IH and the EH bile ducts or the 
PBGs in adult and fetal life[15] and the recent insights 
supporting the hilum-to-periphery development of  the 
biliary tree[25,44], suggest that cells of  the forming large IH 
bile ducts and EH bile ducts are precursors of  the ductal 
plate cells in the fetal life. The new insights into liver stem 
cells niches organization further complicate the picture in 
relationship to the clinical-pathological classification of  
the primary liver cancers. Indeed, according to the inno-
vative explanation of  the liver organogenesis, the classical 
organization of  the hepatic parenchyma stem cell niche, 
the canals of  Hering, and the cell differentiation hierarchy 
within, are under debate. On the basis of  these recent ad-
vances and analyzing the phenotype of  the hHpSCs and 
of  BTSCs (Table 1), an emerging hypothesis is that the 
BTSCs are precursors of  the hHpSCs. This new scenario 
opens further perspectives in CCA classification. Indeed, 
based on this concept, the CCAs arising from the BTSC-
derived lineage should be composed of  tumor cells with 
earlier and endodermal-like phenotype with respect to 
hHpSC-derived CCAs. In this view, the anatomical locali-
zation of  the CCAs, other than reflecting a different cell-
of-origin, could be associated with different prognostic 
CCA classes. Indeed, it has been already demonstrated 
by different groups how the EH-CCAs (mostly hilar 
CCAs)[17,42] and the IH-CCAs involving the large IH bile 
ducts are associated with the worst prognostic markers 
in comparison to the peripheral IH-CCAs involving the 
small bile ducts[17,42,43]. However, very recently, Andersen 
et al[56] showed that discrete homogenous molecular pro-
files of  both hilar and peripheral-type CCAs were associ-
ated with different prognostic classes, suggesting that a 
similar molecular pathogenesis rather than the anatomical 
location defines the overall prognosis. However, IH-CCA 
could arise either from interlobular bile ducts/canals of  
Hering or from large IH bile ducts (segmental and septal), 
thus recognizing different cells-of-origin. Some of  these 
cells-of-origin, the ones belonging to the BTSC-derived 
lineage, are the same for IH- and EH-CCA, while others, 
the ones derived from the hHpSCs, are specific for the 
IH-CCA (Figure 1). In our opinion, the different cells-of-
origin potentially underlying the development of  different 
IH-CCA subtypes should be taken into adequate consider-
ation in defining prognostic classes of  CCA (Figure 1). A 
gross classification based only on the anatomical localiza-
tion and that considers all the IH-CCAs as a homogenous 
entity, does not reflect the complex biology of  this cancer 
and could result in biases and criticisms.

CONCLUSION
The new scenario created by recent advances on liver 

stem cells suggests a physio-pathological classification of  
CCAs based on the cell-lineage-of-origin. Following the 
process of  maturation from the two different stem cell 
niches, one could hypothesize that some IH-CCAs origi-
nate from cells within the hHpSC-derived lineage starting 
in the canals of  Hering, while other IH-CCAs and the 
EH-CCAs could originate from the BTSC-derived line-
age within the medium-large IH and EH bile ducts. The 
former could be classified on the basis of  the grade of  
maturation of  the cell-of-origin, in: (1) combined HCC-
CCA (hHpSCs); (2) CCL or ductular type CCA (immature 
cholangiocytes); and (3) CCA of  the small bile ducts or 
mixed-CCA (mature cholangiocytes of  the interlobular 
bile ducts) (Figure 1). The latter could be classified in 
mucin-producing CCA of  large bile ducts recognizing as 
cells-of-origin the ones within the BTSC-derived lineages 
(i.e., BTSCs in PBGs, cholangiocytes of  large IH and EH 
bile ducts and goblet cells) (Figure 1). These observa-
tions are also supported by the similarities between the 
neoplastic pathologies of  biliary tract and pancreas[57]. 
Indeed, most biliary and pancreatic neoplasias are of  
ductal lineage, characterized by tubule (gland), papillary 
structure formation and different degree of  mucin pro-
duction and expression of  mucin-related glycoproteins[57]. 
Classification of  CCAs based on cells-of-origin needs 
definitive cells markers able to distinguish the CCA sub-
types and thus it remains a challenge for future studies[58]. 
Meanwhile, however, it can be noted that the available 
diagnostic tools (imaging, clinical, histology) can suggest 
the presumptive cell-lineage-of-origin of  the single CCA. 
Indeed, CCAs of  the small bile ducts or mixed-CCAs, the 
hHpSC-lineage derived CCAs, usually show a peripheral 
localization and a mass forming growing pattern, while 
IH-CCAs of  the large bile ducts, the BTSC-lineage de-
rived CCAs, usually show a peri-ductal infiltrating and/or 
mass forming growth pattern and are hilar or peri-hilar 
and usually associated with IH bile duct dilatation and 
jaundice. From a histological point of  view, CCAs of  the 
small bile ducts or mixed-CCAs showed mixed differenti-
ation features, including focal hepatocytic differentiation, 
ductular features and NCAM expression, while differ-
ently IH-CCAs of  the large bile ducts are characterized 
by the involvement within the tumor of  large bile ducts 
and of  PBGs, mucin production and S100p expression. 
Taking into consideration this tentative of  classsification, 
risk factors and underlying pathologies associated with 
CCA development should be regarded in a new light. 
Parenchymal liver diseases, including chronic viral and 
non-viral liver diseases and liver cirrhosis, should be con-
sidered as risk factors for development of  mixed-CCAs 
arising from the hHpSC-derived lineage, activated and 
expanded in the course of  these pathologies. In contrast, 
chronic biliary diseases or pathologies and conditions af-
fecting the IH medium-large and EH bile ducts are risk 
factors for CCAs of  the large bile ducts since in these 
pathologies, stem cell niches located in the PBGs are ac-
tivated. A physio-pathological classification of  the CCAs 
according the cell-lineages-of-origin could have, in the 
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future, important clinical implications with the definition 
of  different prognostic classes or specific therapeutic 
targets. Given the differences in biology and clinical-
pathology[59], IH-CCA with mixed features (mixed-CCAs 
or small bile ducts type) and mucin producing IH-CCA 
(large bile ducts type) should be considered separately 
(Figure 1). 
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Abstract
AIM: To study if HER-2 overexpression by locally ad-
vanced esophageal cancers increase the chance of 
brain metastasis following esophagectomy. 

METHODS: We retrospectively reviewed the medical 
records of esophageal cancer patients who underwent 
esophagectomy at University of Iowa Hospitals and 
Clinics between 2000 and 2010. Data analyzed con-
sisted of demographic and clinical variables. The brain 
metastasis tissue was assayed for HER-2 overexpres-
sion utilizing the FDA approved DAKO Hercept Test®.

RESULTS: One hundred and forty two patients were 
reviewed. Median age was 64 years (36-86 years). 
Eighty eight patients (62%) received neoadjuvant 
chemoradiotherapy. Pathological complete and partial 
responses were achieved in 17 (19%) and 71 (81%) 
patients. Cancer relapsed in 43/142 (30%) patients. 
The brain was the first site of relapse in 9/43 patients 
(21%, 95% CI: 10%-36%). HER-2 immunohistochem-
istry testing of the brain metastasis tissue showed that 
5/9 (56%) cases overexpressed HER-2 (3+ staining). 

CONCLUSION: HER-2 overexpression might be associ-
ated with increased risk of brain metastasis in esopha-
geal cancer patients following esophagectomy. Further 
studies will be required to validate this observation. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Brain metastasis from locally advanced esophageal cancer 
as the first site of  disease relapse following multimodality 
treatment that includes chemotherapy, radiation therapy 
and esophagectomy is rare[1,2]. The incidence rate of  brain 
metastasis, thought to be around 1%-5%, is derived from 
case series and autopsy reports[3,4]. Although the treat-
ment goal of  locally advanced esophageal cancer is to 
cure the disease, there is a high rate of  disease relapse, 
whether locally or as distant metastasis, with the major-
ity of  relapses occurring in the liver, abdomen, lungs and 
bone[1]. Urba et al[5], showed that 65% of  patients treated 
with concurrent chemotherapy and radiation therapy 
then esophagectomy had distant metastases rather than 
local recurrence upon relapse.

Multiple clinical and pathological features have been 
identified as prognostic factors in patients who receive 
concurrent chemoradiotherapy and esophagectomy. Fac-
tors including pathological complete response (pCR) to 
neoadjuvant treatment[6,7], lower tumor grade and stage[8,9], 
and smaller tumor length[10] are associated with favorable 
outcomes. Other trials showed that larger tumors and 
perioperative chemotherapy or radiation therapy might 
be associated with a higher risk of  subsequent brain me-
tastases[11,12]. In breast cancer, other risk factors such as 
over expression of  HER-2, a membrane bound tyrosine 
kinase, were shown to predispose to brain metastasis 
(hazard ratio: 4.23, P = 0.0007)[13,14]. 

HER-2 is over expressed in approximately 25% of  
esophageal cancers[15,16] and is associated with a worse 
prognosis[17]. HER-2 receptor status became more clini-
cally relevant after the ToGA trial showed that targeting 
HER-2 positive gastric and gastroesophageal junction 
tumors with Trastuzumab (Herceptin), a recombinant 
humanized monoclonal antibody that inhibits HER-2 re-
ceptor, combined with chemotherapy improved survival 
in patients with metastatic disease[18]. To our knowledge, 
there has been no correlation identified between esopha-
geal cancer HER-2 receptor positivity and risk of  brain 
metastasis. 

MATERIALS AND METHODS
A request to review the electronic medical records of  
esophageal cancer patients who underwent esophagec-
tomy at University of  Iowa Hospitals and Clinics was 
submitted to the Institutional Review Board (IRB) and 
approved (IRB identification number: 201012764). The 
requirement for consent was waived by the IRB. We iden-
tified the patients who had esophagectomy for esopha-
geal cancer through the pathology department database. 
A total of  142 electronic medical charts of  patients with 
locally advanced esophageal cancer who underwent 
esophagectomy at UIHC between January 2000 and Sep-
tember 2010 were reviewed. Patients characteristics col-
lected include age, sex, smoking history, esophagectomy 
date, cancer stage, location in the esophagus, histology 
and grade, administration and response to neoadjuvant 
chemotherapy and radiation therapy, resection margins 
status, number of  total and positive lymph nodes re-
moved, cancer relapse, date and location of  relapse and 
survival data. HER-2 overexpression was assayed on 
the brain metastasis tissue utilizing the FDA approved 
DAKO Hercept Test® with exact following of  the tech-
nique as outlined in the product insert. Semi-quantitative 
interpretation was done in accordance with the param-
eters outlined for gastro-intestinal malignancies in the 
ToGA trial[18]. 

Statistical analysis
Kaplan-Meier curves were constructed for overall surviv-
al. To compare survival distributions for the patients who 
had complete or partial tumor response to neoadjuvant 
treatment, a log-rank test was used. Statistical analyses 
were performed using SAS (version 9.2). 

RESULTS
Demographics and clinical data are presented in Table 1. 
Median age at diagnosis was 64 years (36-86 years). There 
were 124 males (87%) and 18 females (13%). The num-
ber of  patients who smoked more than 10 pack-years 
was 87 (61.3%). There were 118 (83%) adenocarcinomas, 
22 (15.5%) squamous cell carcinomas, 1 (0.7 %) small 
cell carcinoma and 1 (0.7 %) gastrointestinal stromal 
tumor. Regarding staging, 47/142 (33%) patients had 
stage T3N1M0 (AJCC 6th edition). The frequency of  T 
classification was: T1: 18 (12.7%), T2: 19 (13.4%), T3: 76 
(53.5%), T4: 2 (1.4%). The frequency of  nodal classifica-
tion was: N0: 49 (34.5%), N1: 65 (45.8 %), N2: 3 (2.1%). 
Neoadjuvant chemoradiotherapy was delivered for 88 pa-
tients (62%). Out of  those, 17 (19 %) patients had pCR 
and 71 (81%) patients had pathological partial response 
(pPR). 

Regarding survival, 65/142 patients (45%) were de-
ceased at the time of  analysis. Overall survival for all pa-
tients is shown in Figure 1. Of  the patients who reached 
pCR following neoadjuvant chemotherapy and radiation 
therapy, 58% were alive at 36 mo (median survival not 
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reached). Median survival for the pPR patients was 28.8 mo 
(95% CI: 18.7-36.0). Although Figure 2 shows a survival 
difference for the patients who had pCR and pPR, this was 
not statistically significant (P = 0.207). 

The total number of  identified relapses was 43/142 
(30.3%). Median follow up time was 11.8 mo (< 1-110 mo).  
Initial relapses occurred in the residual esophagus, para 
esophageal lymph nodes, mediastinum, liver, perito-
neum, lungs, bone or brain. Frequencies of  relapses 
at various sites are summarized in Table 2. There were 
9/43 (21%) relapses in the brain (95% CI: 10%-36%) 
with the following characteristics: cancer stage T3N1M0 
(7/9), neoadjuvant chemotherapy and radiation therapy 
(7/9), pCR (1/9), adenocarcinoma (7/9), squamous cell 

carcinoma (2/9). 
HER-2 immunohistochemistry staining of  the brain 

metastasis specimens showed that 5/9 specimens (56%) 
overexpressed HER-2 (3+ staining). The rest of  the 
specimens (4/9) did not stain for HER-2 (0 staining). 
Figure 3 shows brain metastasis specimens with 3+ and 0 
staining. 

Treatment of  brain relapses included surgical resection 
(2 patients), stereotactic radiosurgery (SRS) (1 patient), 
surgical resection followed by SRS to the tumor bed (3 pa-
tients), and whole brain radiation (3 patients). Survival fol-
lowing diagnosis of  brain relapse ranged from < 1-22 mo. 
Two patients who had brain surgery and SRS lived longer 
than others (18 and 22 mo). 
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Table 1  Characteristics of esophageal cancer patients who 
underwent esophagectomy

Characteristics n  (%) 

Age on diagnosis of esophageal cancer (yr) 
   Median 64
   Range 36-86 
Sex 
   Male    124 (87.3) 
   Female      18 (12.7) 
Smoking 
   < 100 cigs/life      33 (23.2) 
   < 10 pack-year      9 (6.3) 
   > 10 pack-year      87 (61.3) 
   Unknown    13 (9.2) 
Esophageal cancer type (path report) 
   Adenocarcinoma    118 (83.1) 
   Squamous cell carcinoma      22 (15.5) 
   Small cell carcinoma      1 (0.7) 
   GIST      1 (0.7) 
T classification 
   T1      18 (12.7) 
   T2      19 (13.4) 
   T3      76 (53.5) 
   T4      2 (1.4) 
   Unknown   27 (19) 
N classification 
   N0      49 (34.5) 
   N1      65 (45.8) 
   N2      3 (2.1) 
   Unknown      25 (17.6) 
Neoadjuvant treatment 
   Neoadjuvant treatment   88 (62) 
   No neoadjuvant treatment      52 (36.6) 
   Unknown      2 (1.4) 
Response to neoadjuvant treatment 
   No residual tumor (complete response)   17 (12) 
   Residual tumor present (partial response)   71 (50) 
   No neoadjuvant treatment      52 (36.6) 
   Unknown      2 (1.4) 
Tumor grade 
   Well differentiated      4 (2.8) 
   Moderately differentiated      67 (47.2) 
   Poorly differentiated   61 (43) 
   Unknown 10 (7) 
Disease relapse 
   Yes      43 (30.3) 
   No      91 (64.1) 
   Unknown      8 (5.6) 

GIST: Gastrointestinal stromal tumor.

Figure 1  Overall survival for all patients.
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Figure 2  Overall survival for the patients who had pathological complete 
response or partial response. pCR: Pathological complete response; pPR: 
Pathological partial response.
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Log-rank test P  = 0.207

Table 2  First site of esophageal cancer relapse following 
esophagectomy

Relapse site n  (%)

Brain   9 (21) 
Peritoneum 3 (7) 
Esophageal remnants, paraesophageal lymph nodes or 
mediastinum (locoregional relapse) 

13 (30) 

Lungs   8 (19) 
Liver   6 (14) 
Bone 4 (9) 
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DISCUSSION
Esophageal cancer is potentially a curable disease if  
diagnosed at an early stage but fatal when widely meta-
static. The current standard of  care of  locally advanced 
esophageal cancer includes neoadjuvant concurrent che-
motherapy and radiation therapy followed by esophagec-
tomy[19,20]. Although significant advances have been made 
in achieving better quality of  life and survival outcomes, 
it is estimated that only around 20% of  the patients with 
local disease are alive 5 years following diagnosis[21,22]. 

Brain metastasis as the first site of  disease relapse after 
esophagectomy for esophageal cancer is uncommon[3,4]. 
However, our study showed a higher frequency of  brain 
relapses in locally advanced esophageal cancer patients 
who underwent esophagectomy compared to histori-
cal figures[1]. Recognizing the increased risk of  brain 
metastasis in HER-2 positive breast cancer patients[13,14] 
and the known overexpression of  HER-2 in esophageal 
cancers[23,24], we explored HER-2 expression status in the 
brain metastasis tissues obtained from esophageal cancer 
patients who underwent esophagectomy and relapsed in 
the brain. HER-2 was strongly positive in 56% of  the cas-
es which probably implies that HER-2 positivity in esoph-
ageal cancer predisposes to brain metastasis. Interestingly, 
in a phase Ⅰ/Ⅱ trial by Safran et al[25] testing Trastuzumab 
in HER-2 positive esophageal cancer patients, 3 out of  
the 10 relapses that occurred were in the central nervous 
systems (CNS). 

Treatment of  CNS metastasis, regardless of  the pri-
mary cancer type, often includes surgery, radiation therapy 

or chemotherapy. Although surgical resection or SRS of  
a limited number of  brain metastasis resulted in survival 
benefit in various cancers including esophageal cancer[26-28], 
chemotherapy treatment of  CNS metastasis has been 
limited, primarily due to the blood brain barrier in addi-
tion to other factors[29,30]. Nevertheless, there have been 
recent advances in the chemotherapeutic management of  
CNS metastasis, whether parenchymal or leptomeningeal. 
Whereas Trastuzumab is known to be an effective treat-
ment of  metastatic HER-2 positive breast cancers, its CSF 
levels were reported to be low when administered intrave-
nously[31]. Alternatively, intrathecal Trastuzumab showed 
encouraging results treating HER-2 positive breast cancer 
leptomeningeal metastasis[32,33]. Lapatinib, an oral HER-2 
tyrosine kinase inhibitor that crosses the blood brain bar-
rier, combined with Capecitabine resulted in partial and 
complete responses of  brain metastasis from HER-2 
positive breast cancers[34-37]. 

In summary, we noticed a high incidence of  brain 
metastasis as the first site of  cancer relapse in our se-
ries of  locally advanced esophageal cancer patients who 
underwent esophagectomy. Additionally, we observed 
that HER-2 overexpression might be associated with in-
creased risk of  brain metastasis. The benefits of  screen-
ing brain imaging in a selected population of  HER-2 
positive esophageal cancer patients before going through 
a major surgery such as esophagectomy and utilizing 
HER-2 directed therapy in case of  brain relapse in that 
same subpopulation are potential considerations that de-
serve further exploration in future studies. Acknowledg-
ing the limitations of  a retrospective study and the small 
sample size, our observations need to be replicated in a 
larger cohort. 

COMMENTS
Background
The incidence of locoregional and advanced stage esophageal and gastro-
esophageal junction adenocarcinoma is rising in the western world. In spite of 
the treatment advances, recurrence rate of the locoregional disease is still high. 
Recently, there has been mounting evidence that the incidence of esophageal 
cancer relapse into the brain is rising, but no definite etiology has been identi-
fied so far to explain this observation. 
Research frontiers
HER-2 is a membrane tyrosine kinase that is over expressed in various can-
cers, including esophageal, breast and other cancers. It is well established that 
there is an association between HER-2 over expression and brain metastasis 
in breast cancer, but this correlation was not explored in esophageal cancer. 
In this study, the authors demonstrate that HER-2 over expressing locally 
advanced esophageal cancer patients might be prone to a higher incidence of 
brain relapse. 
Innovations and breakthroughs
To our knowledge, this is the first study to suggest an association between 
esophageal cancer HER-2 status and the risk of brain metastasis. This finding 
is scientifically plausible given what we know about breast HER-2 over expres-
sion and brain metastasis. The test the authors used to examine the esopha-
geal cancer HER-2 status (immunohistochemistry) is currently a standard and 
commonly used test in esophageal cancers as it has therapeutic implications. 
This broad application of HER-2 testing will definitely lead to identifying more 
patients who over express HER-2. Consequently, more robust studies with a 
larger sample size will be feasible to test the association between HER-2 over 
expression and brain relapse. 
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Figure 3  Brain metastasis staining for HER-2. A: 0 HER-2 staining; B: 3+ 
HER-2 staining.
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Applications
If subsequent larger studies support our observation of increasing risk of brain 
relapse from HER-2 overexpressing esophageal cancer, this will have various 
important implications. This subset of patients might benefit from screening 
brain imaging to rule our brain metastasis. This might decrease the number 
of futile esophagectomies which will be avoided if the patient is found to have 
brain metastasis before surgery. Additionally, there might be a role for biological 
agents, such as Trastuzumab or Lapatinib in the treatment of brain relapse from 
HER-2 overexpressing esophageal cancers. 
Terminology
HER-2 is a membrane tyrosine kinase involved in signal transduction pathways 
that regulate cellular proliferation. Overexpression of HER-2 was identified in 
various cancers, such as esophageal, gastric and breast cancers. It correlates 
with an aggressive disease and worse prognosis in breast cancer. Antibodies 
that target HER-2, such as Trastuzumab, are available for clinical use and com-
monly utilized in breast cancer. Trastuzumab was also found to prolong survival 
in advanced stage gastric and gastroesophageal cancers when administered 
with cytotoxic chemotherapies. 
Peer review
This paper presents an interesting topic about the relationship between HER-2 
OVER expression and brain metastasis in esophageal cancer patients.
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Abstract
AIM: To investigate the risk factors affecting the liver 
metastasis (LM) of pancreatic ductal adenocarcinoma 
(PDAC) after resection.

METHODS: We retrospectively analyzed 101 PDAC pa-
tients who underwent surgical resection at the Samsung 
Medical Center between January 2000 and December 
2004. Forty one patients with LM were analyzed for the 
time of metastasis, prognostic factors affecting LM, and 
survival.

RESULTS: LM was found in 40.6%. The median time 
of the LM (n  = 41) was 6.0 ± 4.6 mo and most LM oc-
curred within 1 year. In univariate analysis, tumor size, 
preoperative carbohydrate antigen 19-9, and perineural 
invasion were factors affecting LM after resection. In 
multivariate analysis, tumor size was the most impor-
tant factor for LM. In univariate analysis, tumor cell dif-
ferentiation was significant to LM in low-risk groups.

CONCLUSION: LM after resection of PDAC occurs 
early and shows poor survival. Tumor size is the key 
indicator for LM after resection.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of  death 
from cancer in the United States, 2006 and the fifth in 
South Korea[1,2]. Anatomical features including retroperi-
toneal location with proximity to the portal vein, celiac 
trunk, and superior mesenteric artery are associated with 
aggressive behavior of  pancreatic ductal adenocarcinoma 
(PDAC). In many cases, patients present with PDAC 
which is already at an advanced stage at the time of  diag-
nosis and unresectable. Pancreatectomy offers the only 
chance for long-term survival and is the single most im-
portant factor affecting patient outcome[3,4]. Even after cu-
rative radical surgery, the recurrence rate of  PDAC is very 
high and high-volume centers report 5-year survival rates 
of  only 10%-20%[3,5-7]. Postoperative adjuvant therapy, 
with the purpose of  reducing hepatic metastasis and local 
recurrence, can influence survival gain[5]. Post-operative 
recurrence is categorized mainly by liver metastasis (LM), 
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peripancreatic or retroperitoneal recurrence, peritoneal 
seeding, and distant other organ metastasis. In this study, 
we analyzed LM after resection for PDAC.

MATERIALS AND METHODS
Between January 2000 and December 2004, 106 patients 
with PDAC underwent pancreatic resection with curative 
intent in the Department of  Surgery, Samsung Medical 
Center, Seoul. Excluding for five patients who dropped 
out, 101 patients were enrolled. The clinical features 
41 patients with LM and 60 patients without LM were 
compared. The average age was 58.6 years (range, 31- 
79 years) and the median follow-up period was 15.5 
± 17.4 mo (range, 3.3-81.4 mo). Before surgery, we 
evaluated the radiological tumor status using abdominal 
computed tomography (CT) with or without magnetic 
resonance imaging, but we did not performed positron 
emission tomography scans routinely.

Patients with cancer in the head, neck and uncinate 
process of  the pancreas underwent pancraticoduode-
nectomy or pylorus-preserving pancreaticoduodenec-
tomy (n = 70), and patients with cancer in the body or 
tail underwent distal pancreatectomy (n = 19). Total 
pancreatectomy was performed in twelve patients with 
severe pancreatitis combined with cancer or with tumors 
extending beyond the neck of  the pancreas, delineated 
by the left border of  the superior mesenteric vessels and 
into the body of  the gland. Peripancreatic lymph nodes, 
hepatoduodenal nodes as well as the celiac axis and supe-
rior mesenteric lymph nodes were cleared in patients with 
head, neck and uncinate process cancer while aortocaval 
nodes were dissected in cases of  enlargement. Follow-up 
study included routine laboratory tests, serum carbohy-
drate antigen 19-9 (CA 19-9), and abdominal CT in first 
month after surgery and every 3 mo thereafter. The time 
of  recurrence or metastasis was defined initial occurrence 
time in CT and the site of  recurrence or metastasis was 
defined from CT findings. We categorized the type of  
recurrence into LM, locoregional recurrence defined as 
a tumor confined at retroperitoneal margin and lymph 
nodes. Peritoneal dissemination and distant metastasis 
were also categorized. Tumor stage was defined accord-
ing to the American Joint Cancer Committee (AJCC) cri-
teria. Medical records were retrospectively reviewed to in-
vestigate radiological findings, pathological findings with 
T stage, tumor differentiation, lymph node or perineural 
invasion. 

There was a lack of  consensus on the indications and 
effectiveness of  adjuvant therapy for resected PDAC, and 
a standard chemoradiation protocol has not been devel-
oped at our institute. The decision on whether adjuvant 
therapy was undertaken was made giving consideration to 
the age, compliance, economic status, and social activity 
of  the patient. However, the majority of  patients received 
adjuvant therapy protocols that consisted of  4000 to 
5000 cGy of  external beam radiation and gemcitabine or 
capecitabine based chemotherapy[6]. In this study, forty 

patients underwent concurrent chemoradiation therapy 
and ten patients underwent the alternatives of  chemo-
therapy or radiation. For evaluating the clinical, patho-
logical characteristics and survival with LM group, the 
patients were divided into two groups based on the oc-
currence of  LM. Chi-square and Fisher exact tests were 
used for comparisons among the categorical variables. 
Survival analysis was performed using the Kaplan-Meier 
method. Univariate differences in survival among the 
subgroups were compared using the log-rank test. P < 
0.05 was considered significant. SPSS 12.0 for Windows 
was used for all statistical analysis.

RESULTS
Analysis for patients with metastasis 
Forty-one patients with LM comprised 28 solely with 
LM, and 13 patients who had additional metastases: 
retroperitoneal node and soft tissue metastases or perito-
neal dissemination or lung or bone metastases (Table 1). 
Among 60 without LM, 40 patients showed various types 
of  metastasis with locoregional recurrence, peritoneal 
dissemination, lung and bone metastasis, while 20 showed 
no evidence of  recurrence or metastasis. 

Timing of LM 
The timing of  LM after pancreatectomy was as follows; 
within 2 mo - 2 patients (4.9%), between 3 and 4 mo - 
12 patients (29.3%), between 5 and 6 mo - 11 patients 
(26.8%), between 7 and 12 mo - 14 patients (34.1%), 
beyond 1 year - two patients had metastasis. LM occurred 
within 6 mo LM in 60.9 % of  patients and within 1 year 
in 95.1% (39 patients). The median LM time was 6.0 ± 
4.6 mo (Figure 1).

Factors affecting LM after pancreatic resection
Analysis using the via χ2 test indicated that preoperative 
high level of  CA 19-9, tumor size above 3cm, and peri-
neural invasion of  the tumor were significant clinical and 
pathological factors favouring LM in univariate analysis. 
Tumor location, cell differentiation, pancreatic resection 
margin involvement of  the tumor, T stage (AJCC 6th), 
and lymph node involvement were not significant. Post 
operative adjuvant therapy including radiation did not 
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Table 1  Recurrence patterns of patients with liver metastasis 
(n  = 41)

Recurrence patterns n  (%)

Liver metastasis only 28 (68.3)
Mixed 13 (31.7)
   + locoregional   6 (14.6)
   + peritoneal seeding 4 (9.8)
   + locoregional + peritoneal seeding 1 (2.4)
   + locoregional + seeding + lung1 + bone2 1 (2.4)
   + lung1 1 (2.4)

1Lung = lung metastasis; 2Bone = bone metastasis.
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influence LM (Table 2). In multivariate analysis, preop-
erative CA 19-9 and tumor size were significant, but peri-
neural invasion was not significant (Table 3).

Survival of patients with LM
The survival of  41 patients with LM and 60 without LM 
were compared. The median survival time with LM pa-
tients was 12.9 ± 3.2 mo, and the cumulative 1- and 3-year 
survival rates were 51.7% and 13.8%, respectively. In 
patients without LM, the median survival time was 48.8 
± 9.8 mo, the cumulative 1-, 3-, 5-year survival rates were 
89.1%, 55.0% and 40.0% (P < 0.001) (Figure 2).

Pattern of LM with low risk patients
We investigated 22 patients with the low risk of  LM (tu-
mor size < 3 cm, preoperative normal CA 19-9 level); 
four patients with LM and eighteen without LM. Com-
paring clinical and pathological factors, univariate analysis 
indicated that poorly differentiated pancreatic tumors 
were more common in the LM group (Table 4).

DISCUSSION
Until recently, few clinical studies had been conducted on 

the recurrence of  PDAC after pancreatic resection. The 
infrequency of  study is influenced by the higher rate of  
recurrence and poorer survival rate after curative resection 
compared with another gastrointestinal cancers, and by 
the limited evidence of  survival improvement after adju-
vant treatment for PDAC. Surgical resection for PDAC is 
a unique treatment modality which is expected to curative. 
The investigation of  surgical resection and research into 
adjuvant therapy are essential to achieve improvement in 
survival. For this reason, the evaluation of  recurrence and 
metastasis of  PDAC after resection is important.

Sperti et al[8] reported 89% patients with PDAC recur-
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Table 2  Factors influencing liver metastasis after pancreatec-
tomy for pancreatic ductal adenocarcinoma

Liver 
metastasis 
(n  = 41)

Non-liver 
metastasis 
(n = 60)

P -value

Location
   Head 30 52 0.09
   Body and tail 11   8  
Size (cm)
   < 3 23 45 0.04
   ≥ 3 18 15
Differentiation
   Well, moderate 29 49 0.08
   Poor 12 11
Perineural invasion
   Yes 28 30 0.04
   No 13 30
T-stage (AJCC, 6th)
   1-2   1   5 0.21
   3-4 40 55
N-stage 
   N0 23 24 0.13
   N1 18 36
Resection margin
   Positive   3   6 0.46
   Negative 38 54
CA 19-9 (IU/mL)
   < 37   4 20   0.001
   ≥ 37 28 20
Adjuvant CTx
   Yes 14 26 0.41
   No 27 34
Adjuvant RTx
   Yes 16 29 0.32
   No 25 31

CTx: Chemotherapy; RTx: Radiotherapy; AJCC: American Joint Cancer 
Committee; CA 19-9: Carbohydrate antigen 19-9.

Table 3  Factors influencing liver metastasis after pancre-
atectomy for pancreatic ductal adenocarcinoma: multivariate 
analysis

 95% CI for Exp (B)

P -value Odds ratio Lower Upper

Size (> 3 cm) 0.046 1.416 0.176 0.986
CA 19-9 0.013 0.204 0.058 0.713
Perineural invasion 0.059 2.228 0.969 5.123

CA 19-9: Carbohydrate antigen 19-9.
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Figure 1  Time of liver metastasis in resected pancreatic ductal adeno-
carcinoma. The median time of the llive metastasis (n = 41) was 6.0 ± 4.6 mo. 
Almost liver metastasis occurred within 1 year.

Figure 2  Comparison of overall survival according to liver metastasis. In 
patients without liver metastasis (n = 60), overall survival is better than those 
with liver metastasis (n = 41) (P < 0.001).
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rence after surgical resection. Local recurrence was 72%, 
and hepatic metastasis was 62%, over 22 years of  study. 
Nitecki et al[9] reported 25% local recurrence and 37.5% 
hepatic metastasis. In a Korean study of  PDAC recur-
rence in a single institute[10], 69% of  recurrences occurred 
during the 12 mo after surgical resection. A 74.4% local 
recurrence included 51.2% of  hepatic metastasis, while 
independent local recurrence and hepatic metastasis were 
41% and 18.6%, respectively. In our investigation, over 
16 mo of  median follow up, 34.6% local recurrence and 
34.6% independent LM occurred. Total LM occurred 
in 51 patients (50.6%). The recurrence mostly consisted 
of  local recurrence and LM, with similar distribution of  
both recurrence patterns. Mixed LM with another type 
of  recurrence pattern was dominant over independent 
LM. Several studies[11-13] have revealed that the prognosis 
in those with local recurrence is superior to those with 
distant metastasis including LM. Shibata et al[14] reported 
that mean survival time and actuarial 5-year disease-spe-
cific survival were significantly lower in cases of  hepatic 
metastasis (13 mo, 0%) than in cases of  local retroperito-
neal recurrence (30 mo, 21%). In our report, the median 
survival time of  41 patients with hepatic metastasis was 
12.9 mo and compared with 26.4 mo for patients without 
hepatic metastasis. These results are similar to those of  a 
previous Japanese study. In particular, hepatic metastasis 
occur early after surgical resection and appear to have 
very poor prognosis. Sperti et al[8] reported that the me-
dian survival time with independent hepatic metastasis 
was 9 mo and with combined hepatic metastasis and local 
recurrence was no more than 6 mo.

Another report[11] showed that the median survival 
time of  patients with hepatic metastasis was 6 mo and 
when hepatic metastasis in combined with local recur-
rence only 4 mo, Various investigations have shown few 
patients with over 1 year survival. Poor survival and prog-
noisis were influenced by very early recurrence within a 
year despite radical resection for PDAC[15,16].

In particular, Hishinuma et al[17] demonstrated that local 
recurrence occurs frequently, but is rarely a direct cause 
of  death, and most patients died of  metastatic disease ac-
cording to 27 patients autopsies. Our series revealed that 
60.9% of  LM occur within 6 mo, and 95.1% LM within 
a year. It is not too much to say that LM of  PDAC will 
almost certainly arise within a year. 

Amikura suggested that the early development of  
liver metastases within 3 mo after pancreatic resection 
supports the hypothesis that occult microscopic liver me-
tastases are frequently present at the time of  resection[18]. 
A recent Japanese study reported that undifferentiated 
PDAC is independently associated with hepatic metas-
tasis after pancreatic resection[14]. Our data showed no 
difference in terms of  tumor cell differentiation between 
LM and other type of  recurrence. In groups at low risk 
for LM, cell differentiation is a meaningful predictor for 
LM. In our study, tumor size and CA 19-9 levels are sig-
nificant predictors for LM, Takamori et al[19] revealed the 
positive correlation between the expression of  CA 19-9 
and the hepatic metastatic potential of  pancreatic cancer. 
The depth of  portal vein wall invasion significantly alters 
survival after curative pancreatic resection combined with 
portal vein resection[20]. Previous studies have suggested 
that several molecules, including epidermal growth fac-
tor receptor, E-cadherin, and laminin g-chain, that are 
expressed at high levels in undifferentiated PDAC are as-
sociated with postoperative hepatic metastasis[21-23]. Such 
molecular changes may enhance the ability of  pancreatic 
ductal carcinoma to metastasize to the liver[14]. Nieder-
gethmann et al[24] reported that CTSB and CTSL rather 
than UICC stage, TNM classification, or tumor grading, 
are strong and independent prognostic markers in resect-
able pancreatic adenocarcinoma. Furthermore, CTSB is a 
predictor for early recurrence after curative resection. Seo 
et al[25] suggested that vascular endothelial growth factor 
expression seems to be an important predictor for both 
LM and poor prognosis in ductal pancreatic adenocarci-
noma. Other study suggested that fibrotic focus reduced 
membranous β-catenin expression, and reduced cyto-
plasmic β-catenin expression were significantly associated 
with shorter LM-free survival[26,27]. These investigations 
suggest that cancer differentiation relating factors influ-
ence the hepatic metastasis of  PDAC, and predict poor 
prognosis. We support cautiously the hypothesis that se-
lective adjuvant chemotherapy may be possible using post 
operative LM prediction.

Although no standard post pancreatectomy adju-
vant chemotherapy for PDAC has been established, 
several gemcitabine-based adjuvant therapies have been 
investigated since 2000. In one European ramdomized 
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Table 4  Factors influencing liver metastasis after pancreatec-
tomy for pancreatic ductal adenocarcinoma in patients with-
out risk factors for liver metastasis

Liver 
metastasis 
(n  = 4)

Non-liver 
metastasis 
(n  = 18)

P -value

Location
   Head 3 15 0.49
   Body and tail 1   3  
Size (cm)
   < 2 3   6 0.19
   ≥ 2 1 12
Differentiation
   Clear, moderate 0 14 0.01
   Poor 4   4
Perineural invasion
   Yes 2 13 0.38
   No 2   5
T-stage (AJCC, 6th)
   1-2 0   2 0.23
   3-4 4 16
N-stage 
   N0 4 11 0.19
   N1 0   7
Resection margin
   Positive 0   0 NA
   Negative 4 18

NA: Not available; AJCC: American Joint Cancer Committee.
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controlled prospective study, postoperative gemcitabine 
significantly delayed the development of  recurrent dis-
ease after complete resection of  pancreatic cancer[28]. A 
Japanese study[29] reported similar results for patients with 
PDAC and LM. A number of  papers have revealed that 
in patients with advanced PDAC, intra-arterial chemo-
therapy or chemotherapy via portal vein with systemic 
chemotherapy appeared to be effective against PDAC 
and LM[15,30-33]. Hepatectomy was applied in patients with 
LM in Germany, with between 9 and 24 mo of  survival 
after hepatectomy reported[34]. Not only adjuvant local 
chemotherapy but also liver resection for LM were suc-
cessful in achieving survival improvement after pancre-
atectomy with PDAC. The enthusiastic efforts of  several 
researchers searching for molecular factors predicting LM 
may result in selective adjuvant therapy and improvement 
of  survival in future.

In conclusion, LM after resection of  PDAC occurs 
early and shows poor survival. Tumor size is the clearest 
indicator for LM after resection.
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Abstract
Sorafenib, a multikinase inhibitor, is the first and only 
drug, which improves significantly the overall survival 
in patients with advanced hepatocellular carcinoma 
(HCC). However, many patients experience diverse 
side effects, some of them severe and unexpected. 
To date, acute acalculous cholecystitis has not been 
documented in association with a HCC patient treated 
with sorafenib. Here, we report the case of a 43-year-
old woman with hepatitis C virus-related advanced 
HCC. She received sorafenib, and later complained of 

a sudden onset of severe right hypocondrial pain with 
rebound tenderness and muscle defense. Laboratory 
examination showed mild elevation of transaminases, 
biliary enzymes, bilirubin, inflammation markers, and a 
marked peripheral eosinophilia. Abdominal computed 
tomography (CT) revealed a swollen gallbladder with 
exudate associated with severe inflammation without 
stones or debris. Consequently, sorafenib treatment 
was stopped immediately, and steroid-pulse therapy 
was performed. Steroid therapy drastically improved all 
clinical manifestations along with normalization of CT 
findings, eosinophilia, and liver functions. In summary, 
we herein report a rare case of acute severe acalculous 
cholecystitis associated with sorafenib in the patient 
with advanced HCC. 

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is ranked the sixth 
most common tumor type worldwide, and because of  
its very poor prognosis, is the third most common cause 
of  cancer death with an annual mortality of  600 000 
patients[1]. Before the development of  sorafenib, effec-
tive standard chemotherapy was unavailable. Sorafenib 
has anti-proliferative, anti-angiogenic, and anti-apoptotic 
effects by inhibiting multiple kinases such as RAF ki-
nase, and vascular endothelial growth factor receptor 
(VEGFR)-1, VEGFR-2, and VEGFR-3[2]. We previously 
reported that suppression of  VEGF and VEGFR signal-
ing significantly suppressed HCC growth in the animal 
model[3]. Accordingly, it has been shown that sorafenib 
significantly improved the overall survival in patients 
with advanced HCC in Western countries in the SHARP 
trial[4]. Furthermore, an Asia-Pacific trial has shown that it 
was also effective in the region[5]. Sorafenib is now recog-
nized in many countries as one of  the standard therapies 
for advanced HCC, and consequently medical treatment 
has changed dramatically. However, so far many types 
of  diverse side effects have been reported, such as hand-
foot skin reaction, gastrointestinal bleeding and arterial 
thromboembolism. Furthermore, additional unexpected 
effects include spleen infarction, acute pancreatitis and 
thyroiditis, which are rare in conventional chemothera-
py[6-8]. To our knowledge, there is no report linking a case 
of  acute cholecystitis with sorafenib treatment. Here, we 
report a case of  acute acalculous cholecystitis along with 
a marked eosinophilia in an advanced HCC patient dur-
ing the course of  treatment with sorafenib. 

CASE REPORT
A 43-year-old woman with hepatitis C virus (HCV)-relat-
ed liver cirrhosis was admitted to our hospital to treat the 
advanced HCC. She had previously received transcatheter 
hepatic arterial chemoembolization (TACE) 3 times, and 
recently 2 cycles of  hepatic artery infusion (HAI) che-
motherapy to treat the multiple HCC. However, the pres-
ence of  several new lesions within a few months after 
the treatment led to categorize the case as a progressive 
disease in agreement with RECIST criteria (Figure 1A). 
She was in a good state of  health (ECOG PS 0) before 
the treatment. The absence of  encephalopathy and asci-
tes, and the normality of  coagulation parameters (PT-INR 
1.12) of  bilirubin (0.7 mg/mL), and albumin (3.9 g/dL) 
led to classifying the patient into functional class Child-
Pugh A. Blood chemistry tests showed a mild elevation of  
α-fetoprotein values (33.2 ng/mL), and a slight increase 
of  aspartate aminotransferase (AST) (61 IU/L) and ala-
nine aminotransferase (ALT) (49 IU/L). Treatment with 
sorafenib at 800 mg/d was started from the next admis-
sion. Although she showed several diverse effects such as 
diarrhea and hand-foot-skin reaction, which met the crite-
ria of  grade 1-2 of  Common Terminology Criteria for Ad-
verse Event v3.0 (CTCAE), these symptoms were manage-
able and did not interfere with the patient’s daily activities. 

At 27th day of  sorafenib therapy, the patient complained 
of  a sudden onset of  severe right hypocondrial pain with 
rebound tenderness and muscle defense. Laboratory ex-
amination revealed mild elevation of  transaminases (AST: 
134 IU/L, ALT: 118 IU/L), biliary enzymes (γGTP: 
78 IU/L, alkaline phosphatase: 503 IU/L), bilirubin 
(1.4 mg/ml), inflammation markers (WBC: 10 500/μL, 
CRP: 2.3 mg/dL) and a marked eosinophilia (eosinocyte 
32.3%). Abdominal computed tomography (CT) revealed 
a swollen gallbladder with exudate associated with severe 
inflammation without stones or debris (Figure 1B). Un-
fortunately, in this case no other diagnostic image such 
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Figure 1  Abdominal computed tomography scan of the patient. A: En-
hanced abdominal computed tomography (CT) scan showing the diffuse HCC 
which occupied whole left lobe and several new lesions within diameter 1 cm in 
right liver before the treatment with sorafenib. Triangle indicates the HCC lesion; 
B: Abdominal CT scan at the onset of acute cholecystitis during the treatment 
with sorafenib. The CT revealed the gallbladder swelling with exudate associ-
ated with severe inflammation without stones or debris (arrowheads); C: Follow-
up abdominal CT scan at 5 d after treatment of acute cholecystitis. Gallbladder 
swelling was markedly improved with reduced ascites exudate (arrowheads). 
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as MRCP, was performed at the same time. Sorafenib 
was immediately stopped, and steroid-pulse therapy was 
performed. Prednisolone (500 mg/d) for 3 d drastically 
improved all clinical manifestations along with normaliza-
tion of  CT findings, eosinophilia, and liver functions. Five 
days after treatment, the gallbladder swelling was markedly 
improved with reduced ascites exudate (Figure 1C). The 
patient was discharged from hospital 2-wk after treatment.

DISCUSSION
In this report, we describe a patient who developed acute 
acalculous cholecystitis during the course of  sorafenib 
treatment along with a marked eosinophilia in an ad-
vanced HCC. The most common adverse effects of  
sorafenib consist of  fatigue, as well as gastrointestinal side 
effects such as nausea and diarrhea, anorexia, weight loss, 
and skin toxicity such as hand-foot syndrome[4]. Most of  
these effects are tolerable, and we can manage these clini-
cal symptoms since we have experienced them with con-
ventional chemotherapeutic agents. However, unexpected 
sorafenib toxicities have also been reported including 
thrombotic events and splenic infarction[6]. To date, there 
is no report describing acute acalculous cholecystitis dur-
ing the course of  sorafenib treatment. The exact mecha-
nism of  this effect is unclear at this time. However, we 
postulate that eosinophilic cholecystitis could occur due 
to a marked peripheral blood eosinophilia. Eosinophilic 
cholecystitis is an infrequent form of  cholecystitis[9,10]. In 
clinical practice, eosinophilic cholecystitis is usually un-
suspected and is clinically indistinguishable from the pre-
dominant form of  calculous cholecystitis[10,11]. Although 
the etiology of  eosinophilic cholecystitis is still uncertain, 
the proposed causes include parasites, gallstones, and 
allergic hypersensitivity response to drugs such as phe-
nytoin, erythromycin, cephalosporin, and herbal medi-
cations[12,13]. The condition sometimes shows a marked 
peripheral blood eosinophilia. Eosinophilic cholecystitis 
may develop with several diseases, such as eosinophilic 
gastroenteritis, eosinophilic pancreatitis, and idiopathic 
hypereosinophilic syndrome[14-16]. Unlike eosinophilic gas-
tritis, most patients with eosinophilic cholecystitis have 
no history of  allergy, similar to our case[17]. Peripheral hy-
pereosinophilia is not a constant finding either, although 
the characteristic histologic feature of  eosinophilic cho-
lecystitis is transmural inflammatory infiltration of  the 
gallbladder wall that is composed of  more than 90% 
eosinophils[10]. In the current case, we did not have any 
histological evidence of  eosinophilic cholecystitis since 
the patient did not undergo cholecystectomy. This is the 
main negative point of  the final diagnosis of  eosinophilic 
cholecystitis in our case. However, the patient exhibited a 
marked peripheral eosinophilia along with confirmation 
of  acute cholecystitis by several imaging modalities such 
as CT. It has been reported that a marked peripheral eo-
sinophilia mostly correlates with eosinophilic infiltration 
in the gallbladder wall, indicating that, at least, there was 
some infiltration of  eosinophils in the gallbladder. Medi-

cal management of  eosinophilic cholecystitis may depend 
on the severity and disease location. Considerable infiltra-
tion of  the muscularis by eosinophils with vascular occlu-
sion entails surgery, whereas involvement of  the mucosa 
or adventitia without vascular changes responds well to 
steroids[18]. In this case, after termination of  sorafenib 
and treatment with steroid, eosinophilia and all clinical 
manifestations drastically improved along with normal-
ization of  the imaging features.

Another possibility is the ischemic change of  the 
gallbladder by sorafenib since ischemic heart disease has 
been reported in the SHARP trial[4]. It has been reported 
that gallbladder ischemia sometimes occurred after the 
treatment with TACE, especially along with emboliza-
tion of  the gallbladder artery[19]. However, we postulate 
that this was not the case in our patient. We performed 
selective TACE and HAI for the respective tumor lesion, 
and we did not inject the gelform and chemotherapeutic 
agent into a cholecystic artery in this patient. Further-
more the clinical course of  this patient was not typical 
of  manifestations of  ischemic cholecystitis. In future, 
further examination of  this type of  patient is required to 
elucidate the exact mechanisms.

In conclusion, we report a rare case of  acute chole-
cystitis along with a marked eosinophilia in a patient with 
advanced hepatocellular carcinoma during the course of  
sorafenib treatment. Since this compound can induce 
multiple adverse effects, which are uncommon using con-
ventional chemotherapeutic agents, physicians should 
be aware and consider the possibility of  clinical mani-
festations of  acute cholecystitis when using sorafenib.
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Abstract
Although gastrointestinal stromal tumor (GIST) oc-
curs generally in the digestive tract, omental GIST is 
very rare. We report the first case of an adult greater 
omental GIST with a new platelet-derived growth fac-
tor receptor α gene (PDGFRA )-mutation with hemo-
peritoneum. A 43-year-old man was admitted to our 
hospital complaining of acute abdominal pain. Abdomi-
nal contrast-enhanced computed tomography revealed 
a huge mass in the right abdominal cavity, and a large 
accumulation of fluid in the pelvic cavity, suggesting 
hemoperitoneum. We diagnosed the rupture as an in-
tra-abdominal tumor, and an emergency tumorectomy 
was performed with resection of the greater omen-
tum. This tumor was located in the distal right side of 

the greater omentum, and showed no continuity with 
the gastric wall. The tumor occurred primarily in the 
greater omentum. The resected tumor was about 19 cm 
× 12 cm × 14 cm in diameter, and weighed 1529 g. 
Histologically, the tumor was composed of epithelioid-
shaped cells with high cellularity, and was positive for 
CD117 and CD34, and negative for S-100, α-smooth 
muscle actin. The mitosis was 6/50 under high power 
field. This case showed exon 18 mutation of PDGFRA 
with 846 (Asp to Glu) substitution, 848 (Asn to Lys) 
substitution. This is the first report of this PDGFRA mu-
tation in omental GIST, and this might play an impor-
tant role in the tumorigenesis of this case. Based on 
these findings, the tumor was diagnosed as high risk 
GIST primarily occurring in the greater omentum. The 
patient was treated with imatinib at a dose of 400 mg/d 
as adjuvant chemotherapy, and has been followed up 
for 24 mo with no evidence of recurrence.

© 2012 Baishideng. All rights reserved.
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rare, are the most common mesenchymal tumors of  the 
digestive tract and are believed to originate from the in-
terstitial cells of  Cajal (ICCs) or from their precursors in 
the gastrointestinal tract[1,2].

GISTs can occur anywhere in the gastrointestinal 
tract where ICCs are present, including the stomach 
(40%-60%), small intestine (30%-40%), anorectum (7%), 
colon, and esophagus, as well as in extra-gastrointestinal 
locations such as mesentery, omentum, and perito-
neum[1,3]. Omental, mesenteric, and retroperitoneal tu-
mors comprise less than 5%[4-9]. Tumors occurring in the 
greater omentum are very rare, and the diagnosis of  such 
lesions is difficult. The incidence of  primary GIST in 
the greater omentum has been reported to be less than 
1%[10-12].

The majority of  adult GIST cases (83.6%-88.2%) 
have activation mutations in the KIT gene, which codes 
for the KIT receptor tyrosine kinase. These mutations 
result in constitutive activation of  the receptor, and sub-
sequently cell survival and proliferation, in the absence of  
ligand binding. In addition, platelet-derived growth factor 
receptor α gene (PDGFRA) mutations account for a fur-
ther 2.6%-4.7% of  cases while the remaining 7.1%-13.8% 
are wild types for either receptor[13,14].

Here we report the first case of  the greater omentum 
GIST with the new PDGFRA-mutation and hemoperito-
neum.

CASE REPORT
A 43-year-old man was admitted to our hospital for acute 
abdominal pain. He had no past medical or surgical his-
tory, was taking no medications, and never had a previous 
colonoscopy or upper endoscopy. There was no family 
history of  any gastrointestinal malignancies. His height 
was 173 cm, weight was 108 kg (BMI: 36). The only posi-
tive findings on examination were right lower abdominal 
pain, tenderness, and defense. Hematological examination 
found slight anemia with a hemoglobin level of  6.8 g/dL 
and high levels of  C-reactive protein of  4.46 mg/dL. The 
levels of  CEA, CA19-9, and AFP were within the nor-
mal ranges. A contrast-enhanced computed tomography 
(CT) scan of  the abdomen and pelvis showed a huge 
mass in the right abdominal cavity. The interior was het-
erogeneous, with some high density area, but comprised 
mostly of  low density regions which seemed to be a cys-
tic component or interstitial mucous (Figure 1A and B).  
Moreover a large amount bloody ascites was found in 
the pelvic cavity, suggesting hemoperitoneum. We diag-
nosed the rupture as an intra-abdominal tumor, and an 
emergency tumorectomy was performed. This tumor was 
located in the distal right side of  omentum. The discon-
nect was successfully ligated to the greater omentum 
mass insertion, and the tumor showed no continuity with 
the gastric wall. The tumor size was oval, 19 cm × 12 cm 
× 14 cm in diameter, and the weighed 1529 g. There was 
about 850 mL of  bloody asictes in the abdominal cavity. 
On gross examination, the resected tumor was a dark-

red, relatively hard mass, and mixed with partly bleeding 
blood clots. The cut surface of  the tumor showed cystic 
degeneration, and focal hemorrhage (Figure 2A and B). 
The tumor occurred primarily in the greater omentum. 
Tumor invasion to adjacent organs, liver metastasis, 
peritoneal dissemination, and omental lymph node swell-
ing were not observed. Haematoxylin and eosin (HE) 
staining and immunohistochemistry were carried out on 
paraffin wax sections of  the formalin-fixed tissues[10]. HE 
staining showed that the tumor cells were composed of  
epithelioid-shaped cells with high cellularity (Figure 3A 
and B). The mitosis was 6/50 under high power field. Im-
munohistochemical staining showed that the tumor cells 
were positive for CD117 (Figure 3C), positive for CD34 
(Figure 3D), and negative for S-100 and α-smooth mus-
cle actin (α-SMA), consistent with a GIST. Therefore, 
these features strongly indicate clinical malignancy with 
abdominal hemorrhage, most likely GIST[4].

Genomic DNA was extracted from the formalin-
fixed, paraffin wax-embedded tissues using the QIAamp 
DNA Mini Kit (QIAGEN, Valencia, CA, USA), and 
Exon 9, 11, 13, 17 of  KIT and exon 12, 14 or 18 of  
PDGFRA, were amplified using polymerase chain reac-
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Figure 1  Contrast-enhanced axial (A) and coronal (B) abdominal com-
puted tomography. A huge mass was seen in the right abdominal cavity 
showing internal heterogeneity, with some high density area, but comprised 
mostly of low density regions which seemed to be a cystic component or inter-
stitial mucous. The high density area was not enhanced, thus hemorrhage was 
suggested. Moreover a large amount of bloody ascites was seen in the pelvic 
cavity.
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tion (PCR), as described previously[15] and PCR primers 
listed in Table 1. This analysis of  extracted genomic 

DNA revealed no mutations of  exons 9, 11, 13, 17 of  
KIT and exons 12 or 14 of  PDGFRA. There was, how-

121WJGO|www.wjgnet.com May 15, 2012|Volume 4|Issue 5|

BA

Figure 2  Gross appearance of the resected specimen. A: The tumor appeared as a dark-red, relatively hard mass mixed with partly bleeding blood clots; B: The 
cut surface of the tumor showed cystic degeneration, and focal hemorrhage.

Table 1  Polymerase chain reaction primers used to analyze c-kit  and PDGFRA gene exons

Gene Exon Forward primer Reverse primer

c-kit     9 TTCCCTTTAGATGCTCTGCTTCT CCTTTGTTGTTACCTTTAAATGC
  11 GAGTGCTCTAATGACTGAGA AAAGGTGACATGGAAAGCCC
  13 GCTTGACATCAGTTTGCCAG AAAGGCAGCTTGGACACGGCTTTA
  17 GTTTTCTTTTCTCCTCCAAC TGCAGGACTGTCAAGCAGAG

PDGFRA   12 GGACTTTGGTAATTCACCAG TGTAAAGTTGTGTGCAAGGG
  14 ACAGGAAGTTGGTAGCTCAG TCACAACCACATGTGTCCAG
  18 ACCATGGATCAGCCAGTCTT TGAAGGAGGATGAGCCTGACC

Figure 3  Histopathological findings of the resected specimen of the tumor. A and B: The tumors were characterized by epithelioid-shaped cells and showed 
high cellularity (HE staining, A: × 40, B: × 200); C: Immunostaining of CD117 (KIT) was positive; D: Immunostaining of CD34 was positive (C, D: × 200).
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ever, exon 18 mutation of  PDGFRA with 846 (Asp 
to Glu) substitution and 848 (Asn to Lys) substitution 
(Figure 4). Informed consent for the present analysis was 
previously obtained. Based on these findings, the tumor 
was diagnosed as high risk GIST primarily occurring in 
the greater omentum. The patient was treated with ima-
tinib at a dose of  400 mg/d as adjuvant chemotherapy, 
and has been followed up for 24 mo with no evidence of  
recurrence.

DISCUSSION
In general, GISTs are the most common mesenchymal 
tumors of  the gastrointestinal tract, occurring mainly in 
stomach, and small and large intestine. They are consid-
ered to be derived from the ICCs[1], and the incidence of  
the primary GIST lesion in the greater omentum is very 
rare[10-12].

It has been reported that GIST in the mesentery and 
greater omentum, structures which lack ICCs, are de-
rived from mesenchymal cells that are less differentiated 
than ICCs[16]. These may be ICC precursors straying into 
the abdominal cavity[1], or KIT-positive cells similar to 
ICCs immediately below mesothelial cells in the greater 

omentum[11] although the precise etiology remains to be 
clarified. The present case has shown KIT-positive and 
CD34 positive cells within specimens from the greater 
omentum. However, the meaning of  this is uncertain.

It has previously been reported that omental GISTs 
are clinicopathologically heterogeneous[17,18]. Patients with 
solitary tumors usually show gastric GIST-like morphol-
ogy and have a better prognosis than those with multiple 
tumors, whose tumors usually show small intestinal 
GIST-like histology. Omental GISTs unattached to the 
gastrointestinal tract often resemble gastric GISTs, sug-
gesting that they may be gastric GISTs directly extending 
into, or parasitically attached to the omentum, whereas 
multiple omental GISTs more often resemble small in-
testinal GISTs, suggesting that they may be metastases or 
derived from this source. Most single omental GISTs are 
relatively indolent tumors compatible with long-term pa-
tient survival, despite large tumor size. The present case 
was a solitary omental GIST, suggesting overall similarity 
with gastric GISTs.

Recent studies have established that activating muta-
tions in the KIT gene are present in up to 92% of  GISTs. 
PDGFRA mutations account for a further 2.6%-4.7% of  
cases, while the remaining 7.1%-13.8% are WT for either 
receptor[13,14]. These gain-of-function mutations result in 
constitutive KIT or PDGFRA activation without ligand 
stimulation and are considered to be a cause of  GISTs[18]. 
The respective oncoproteins exhibit constitutive tyro-
sine kinase activity and promote cell growth, and might 
play a central role in GIST pathogenesis[2,18,19]. Imatinib 
mesylate, a tyrosine kinase inhibitor known to inhibit the 
activities of  BCR-ABL, KIT, and PDGFR, is currently 
being used for the treatment of  both chronic myeloid 
leukemia and metastatic GIST. In Table 2 we summarize 
the collected data on PDGFRA mutation primarily from 
omental GIST case-reports (Table 2)[5,12,17,20-22]. In ad-
dition, Miettinen et al[18] reported PDGFRA mutations 
in 10 cases. There were exon 18 D842V substitutions 
in 6 cases, exon 18 deletions of  842-845 in 1 case, exon 
18 deletions of  841-845 in 1 case, exon 12 substitution 
V561D in 1 case, and exon 12 deletion of  566-571 in 1 
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Table 2  Clinicopathologic findings in 11 cases of omental gastrointestinal stromal tumor

Case 
No.

Age (yr)/sex Size (cm) Mitosis/
50HPF

Risk group Cell type Mutation Follow up 
(mo)

Outcome Ref.

1 73/F      4      31 Low Myxoid Ep Exon18 del D842V   4 NED [5]
2 52/M > 20      41 High Ep Exon18 D842_H845del 13 NED [5]
3 49/F    17     1 3b Ep Exon18 D842_H845del 48 NED [12]
4 65/M    20     2 3b Myxoid Ep Exon12 V561D   6 NED [20]
5 64/M    15 115 6b Sp Exon12 polymorphism Q567P NA NED [21]
6 62/F    11     3 3b Ep Exon 18 D842V 87 NED [22]
7 41/M    19     0 3b Ep Exon 18 D842V 27 NED [22]
8 69/M         8.5     1 3a Ep Exon18 del IMHD843-846 20 NED [22]
9 54/F    20   18 6b Ep Exon 18 del DIMH842-845 15 DOD [22]
10 59/M    33     1 3b Ep Exon 18 D842Y   2 DOD [22]
11 43/M    19     6 6b Ep Exon18 D846E, N848K 24 NED Our case

1MIB-1-labeling index (%). Tumors were divided into risk groups described previously[18,22]. Case 1 and 2 were graded as high, intermediate, or low risk as 
described previously[22]. Ep: Epithelioid; Sp: Spindle; NED: No evidence of disease; DOD: Die of disease; NA: Not available.

Wild-type
sequence

CAT

845

GAT

846

Mutated
sequence

GAA

TCG

847

AAC

848

AAA

TAT

849

Figure 4  Representative sequencing results of omentum gastrointestinal 
stromal tumor. This case showed a codon 846 (Asp to Glu) substitution, and a 
codon 848 (Asn to Lys) substitution within exon 18 of PDGFRA gene.
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case. Of  the 21 cases available for molecular study, 17 
cases (81%) had PDGFRA gene mutations at exon 18 
and 4 cases (19%) had PDGFRA gene mutations at exon 
12. Only case 5 had both PDGFRA12 and KIT11 muta-
tion. The majority of  KIT-negative extra-gastrointestinal 
stromal omental tumors were characterized by epithelioid 
cell type, predominant PDGFRA mutation genotype, 
and showed low mitotic activity and a relatively favorable 
prognosis, despite a large tumor size[18,22]. However, as 
molecular genetic data has been reported in only a small 
number of  omental GIST, further studies with a larger 
number of  omental GIST cases will be needed. The pres-
ent case showed exon 18 mutation of  PDGFRA with 846 
(Asp to Glu) substitution and 848 (Asn to Lys) substitu-
tion. This is the first report of  this PDGFRA mutation in 
an omental GIST, and this might play an important role 
in the tumorigenesis of  this case. 

The mean diameter of  omental GISTs has been re-
ported to be about 15.35 cm[17] and was 19cm in the pres-
ent case. Moreover, mitotic activity, cellularity and pres-
ence of  necrosis have been found to be associated with 
worse outcomes. A high mitotic rate (> 5/50 HPF) and a 
high Ki-67 labeling index (> 10%) indicate a significantly 
poorer outcome[4]. In the present case, the large size, 
high mitotic counts and extensive hemorrhagic necrosis 
were malignant features, so the tumor was diagnosed as 
malignant GIST. Although peritoneal metastasis was not 
seen in the present case, we must pay attention to tumor 
recurrence because the tumor ruptured. PDGFRA may 
become a molecular therapeutic target of  imatinib in at 
least some populations of  omentum GIST. The prelimi-
nary clinical data and in vitro studies have demonstrated 
that GISTs with a PDGFRA D842V substitution were 
resistant to imatinib, but some populations of  other 
PDGFRA mutants were sensitive[8,23-25]. Todoroki et al[20] 
and Kim et al[21] used STI-571 as adjuvant postoperative 
treatment. Because the PDGFRA genotype in this case 
might be sensitive to imatinib, the patient was treated with 
adjuvant chemotherapy imatinib at a dose of  400 mg/d 
before possible tumor recurrence was identified. This 
patient remains alive without disease 24 mo after surgery. 
We will carefully follow up with CT and expect to con-
duct further clinical investigation. 

In conclusion, we have reported the first case of  the 
greater omentum GIST with a new type of  PDGFRA-
mutation and hemoperitoneum. Both immunohistochem-
ical evaluation and molecular analysis are necessary not 
only to confirm the diagnosis, but also to determine the 
therapeutic strategy. The existing data on greater omen-
tum GIST is not sufficient to make a firm conclusion on 
the prognosis and survival. Further studies are necessary 
to distinguish between the PDGFRA-mutation and clini-
copathologic factors or biologic behaviors.
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statisital review is performed after peer review. We invite an expert in 
Biomedical Statistics from to evaluate the statistical method used in 
the paper, including t-test (group or paired comparisons), chi-squared 
test, Ridit, probit, logit, regression (linear, curvilinear, or stepwise), 
correlation, analysis of  variance, analysis of  covariance, etc. The re-
viewing points include: (1) Statistical methods should be described 
when they are used to verify the results; (2) Whether the statistical 
techniques are suitable or correct; (3) Only homogeneous data can be 
averaged. Standard deviations are preferred to standard errors. Give 
the number of  observations and subjects (n). Losses in observations, 
such as drop-outs from the study should be reported; (4) Values such 
as ED50, LD50, IC50 should have their 95% confidence limits cal-
culated 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 po-
tential bias, WJGO requires authors of  all papers to declare any com-
peting commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate 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 Considerations 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 serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [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 or 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 dis-
close the identity of  the subjects under study should be omitted. Au-

thors 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 Clini-
cal 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 accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents 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.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. 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 ICMJE to refuse to publish pa-
pers 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 reg-
isters become available you will be duly notified. A letter of  recom-
mendation 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, photographs 
and illustrations because rejected manuscripts will not be returned to 
the author(s) and the editors will not be responsible for loss or dam-
age to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/1948-5204office. Authors 
are highly recommended to consult the ONLINE INSTRUC-
TIONS TO AUTHORS (http://www.wjgnet.com/1948-5204/
g_info_20100312180518.htm) before attempting to submit online. For  
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjgo@
wjgnet.com, or by telephone: +86-10-85381891. If  you submit your 
manuscript online, do not make a postal contribution. Repeated on-
line submission for the same manuscript is strictly prohibited.
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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  Medical 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. Au-
thors should meet conditions 1, 2, and 3.

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 Medi-
cal 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, Es-
sen 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 JF, 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  sup-
portive 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, af-
filiation, 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  Medi-
cine, Chief, Liver Center, Gastroenterology Division, University of  
California, Box 0538, San Francisco, CA 94143, United States. mont-
gomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, country 
number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. Nor-
mally, three experts are invited for each article. Decision for accep-
tance is made only when at least two experts recommend an article 
for publication. Reviewers for accepted manuscripts are acknowl-
edged 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 WJGO, reviewers of  accepted 
manuscripts will be announced by publishing the name, title/posi-
tion 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 Prov-

ince, 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 requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contribu-
tions 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 words): You should present P values where appropriate and 
must provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more than 
26 words).

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

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, 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 high-
light, case report, letters to the editors, can be found at: http://www.
wjgnet.com/1948-5204/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate 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 Illustra-
tor 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.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is nec-
essary in line-art image. Scale bars should be used rather than magnifi-
cation 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  Patho-
logical changes in atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: 
...; E: ...; F: ...; G: …etc. It is our principle to publish high resolution-
figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., 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 foot-
notes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05, 
bP < 0.01 should be noted (P > 0.05 should not be noted). If  there 
are other series of  P values, cP < 0.05 and dP < 0.01 are used. A third 
series of  P values can be expressed as eP < 0.05 and fP < 0.01. Other 
notes in tables or under illustrations should be expressed as 1F, 2F, 3F; 
or sometimes as other symbols with a superscript (Arabic numer-
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als) in the upper left corner. In a multi-curve illustration, each curve 
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine contri-
butions 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/or illustrations.

REFERENCES
Coding system
The author should number the references in Arabic numerals accord-
ing to the citation order in the text. Put reference numbers in square 
brackets in superscript at the end of  citation content or after the cited 
author’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 (CD) is associated with increased intesti-
nal permeability[1,2]”. If  references are cited directly in the text, they 
should be put together within the text, for example, “From refer-
ences[19,22-24], 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.crossref.org/Simple-
TextQuery/, 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 ini-
tials. (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 let-
ter 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: Publica-
tion 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 con-
trast harmonic imaging to assess malignancy of  liver tumors: 
A prospective controlled two-center study. World J 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 ef-

fect of  Jianpi Yishen decoction in treatment of  Pixu-diarrhoea. 
Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-

cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 Euro-
pean men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

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 comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen sec-

tion analysis in revision total joint arthroplasty. Clin Orthop Relat 
Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.1097/0000
3086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(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 authors)
11	 Lam SK. Academic investigator’s perspectives of  medical treat-

ment 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 tumours 

V. Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-

tional 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 diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee. Flex-

ible 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 t test as t (in italics), F test as F (in italics), chi square test as χ2 
(in Greek), related coefficient as r (in italics), degree of  freedom as υ (in 
Greek), sample number as n (in italics), and probability as P (in italics).

WJGO|www.wjgnet.com IV May 15, 2012|Volume 4|Issue 5|



Instructions to authors

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, c (glucose) 6.4 ± 2.1 mmol/L; blood CEA 
mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume fraction, 
50 mL/L CO2, not 5% CO2; likewise for 40 g/L formaldehyde, not 
10% formalin; and mass fraction, 8 ng/g, etc. Arabic numerals such as 
23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-5204/
g_info_20100312183048.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated un-
less they are used repeatedly and the abbreviation is helpful to the 
reader. Permissible abbreviations are listed in Units, Symbols and Ab-
breviations: 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, HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, 
ELISA, PBS, ATP, EDTA, mAb, can be used directly without further 
explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, m 
mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5204/
g_info_20100312180823.htm

Frontier: http://www.wjgnet.com/1948-5204/
g_info_20100312181003.htm

Topic highlight: http://www.wjgnet.com/1948-5204/
g_info_20100312181119.htm

Observation: http://www.wjgnet.com/1948-5204/
g_info_20100312181227.htm

Guidelines for basic research: http://www.wjgnet.com/1948-5204/
g_info_20100312181408.htm

Guidelines for clinical practice: http://www.wjgnet.
com/1948-5204/g_info_20100312181552.htm

Review: http://www.wjgnet.com/1948-5204/
g_info_20100312181719.htm

Original articles: http://www.wjgnet.com/1948-5204/
g_info_20100312181919.htm

Brief  articles: http://www.wjgnet.com/1948-5204/
g_info_20100312182057.htm

Case report: http://www.wjgnet.com/1948-5204/
g_info_20100312182207.htm

Letters to the editor: http://www.wjgnet.com/1948-5204/
g_info_20100312182320.htm

Book reviews: http://www.wjgnet.com/1948-5204/

g_info_20100312182437.htm

Guidelines: http://www.wjgnet.com/1948-5204/
g_info_20100312182544.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Please revise your article according to the revision policies of  WJGO. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submited online (http://www.wjgnet.
com/1948-5204office/). The author should send the copyright 
transfer letter, responses to the reviewers, English language Grade B 
certificate (for non-native speakers of  English) and final manuscript 
checklist to wjgo@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for revi-
sion. (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/1948-5204/g_info_20100312182928.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/1948-5204/
g_info_20100312182841.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 
WJGO will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a man-
uscript 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 reviewers, and the revised manu-
script. 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.eurekalert.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
WJGO is an international, peer-reviewed, OA, online journal. Articles 
published by this journal are distributed under the terms of  the Cre-
ative Commons Attribution Non-commercial License, which permits 
use, distribution, and reproduction in any medium, provided the origi-
nal work is properly cited, the use is non commercial and is otherwise 
in compliance with the license. Authors of  accepted articles must pay 
a publication fee. The related standards are as follows. Publication fee: 
1300 USD per article. Editorial, topic highlights, original articles, brief  
articles, book reviews and letters to the editor are published free of  
charge.
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