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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
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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
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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"™. 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®®. This suggests different risk factors and, indeed,
evidence exists that IH- and EH-CCAs may emerge from
a different pathological background®™. A large body of
recent literature deals with the role of stem cells in car-
cinogenesis[g’m]. 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"™. 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' ", 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
121 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 originm’m.
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.

the carcinogenetic process

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 ™. 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™. 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'"™, 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”. More recently, additional stem cell
niches have been identified in PBGs""*"”. 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-
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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 livet"*"”. 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 emergem’l‘ﬂ. The IH PBGs are indistinguishable
from the EH ones””. 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 topicm’w. 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 porfa lyepﬂizﬂza’w. 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 platem’zﬂ. 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 epitheliam]. Another
unique feature joining the large IH bile ducts and the EH
bile ducts is the presence in the duct wall of the PBGs™.
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 intetlobular bile ducts”. Specifically, pancreatic
a-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™.
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”. Recently, we demonstrated"*"”
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”s]. We
also observed an increased mucin production with the
maturation in the duct wall"”. The individuation of a
stem cell niche within the bile ducts"*"” 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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Canals of Hering (hHpSC-derived lineage)

Human hepatic ‘ Combined HCC-CCA

Peribiliary glands (BTSC-derived lineage)

/ Oncogenic events

/ Biliary tree stem/

stem cells progenitor cells
EH-CCA
and
IH-CCA
large bile duct
IH-CCA type with mucin /
Immature Ductular type or production Cholangiocytes of large
cholangiocytes ————> cholangiolocarcinoma (5100p+) IH and EH bile duct
(NCAM+) (NCAM+) and
goblet cells
(Mucin-Producing)
Interlobular mature IH-CCA
cholangiocytes — > | Small bile duct type
(NCAM-) (NCAM+/-, S100p-)

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

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

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™”"*® 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.

mutation(s)"”. 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, respectivelym’zsl. 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””. 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). This is the
case in a transgenic mouse model which showed how the
mutation of Hras targeted to the hair follicle region (eatlier
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 potentialp()’m.

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™". Signalling pathways
associated with oncogenesis, including the Notch, Sonic
hedgehog and Wnt signalling, play a major role in regulat-
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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 genespj. 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™. 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 transplantationm. 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),
a-fetoprotein, Thy-1 and ATP-binding cassette B5, as
well as Hoechstsss42 exclusion by the side population
cells™. Indeed, recently, it has been described that a poor
prognosis characterizes HCCs expressing stem markers
such as EpCAM and CD133"Y, A correlation between
the stage of hepatic differentiation and clinical mani-
festation, notably vascular invasion, metastatic spread
and patient survival, was also established" ™. Primary
liver tumors might arise from impairment of the normal
liver differentiation program associated with excessive
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Wnt/ [-catenin signalingm. Recently, EpCAM was identi-
fied as a direct transcriptional target of Wnt/B-catenin
signaling in HCC™. 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”. 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 chernotherapy[34]. Finally, a subset
of highly chemoresistant and invasive HCC CSCs with
aberrant expressions of 11.-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 biologym.
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 tat-
get of specific CSCs"". Various therapeutic drugs that
directly modulate CSCs have been examined 7 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 moleculatly 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 strategiesm. 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.

CCA CELLS OF ORIGIN AND NEW CCA
CLASSIFICATION PROPOSALS
]

CCA is the primary malignancy of the biliary tract™.
This cancer has been classified as either IH or EH, with
the second-order bile ducts acting as the separation
pointm. 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
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Table 1 Phenotype markers of candidate cholangiocarcinoma

cells of origin

Marker BTSC in
peribiliary

glands

Mature
cholangiocytes

hHpSCs in canals
of Hering

Nanog, OCT4 - -
CXCR4 - -
FoxA Y2 - -
PDX1, NGN3 - -
AFP -

Sox 9/17 -
Prominin-1 (CD133) -
EpCAM
NCAM -
Thy -
CK7/19

Secretin Receptor

vGT

+ 4+ + o+ A+ o+ o+ o+ o+ o+

+ 4+ o+
0
i

+/-

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: a-fetoprotein; CD133: Prominin; CK: Cytokeratin, CXCR4:
CXC-chemokine receptor 4; EpCAM: Epithelial cell adhesion molecule;
FOXa2: Forkhead box a2; yGT: y-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.

distal EH-CCA by the insertion of the cystic duct into
the EH biliary tree™. CCA arises from the lining epithe-
lium and peribiliary PBGs of the IH and EH biliary
tree”®. 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"*"
(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“sl; 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”. 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-
itym. 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””. Two stem
cell niches have been described within the liver: the Ca-
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nals of Hering containing thSCsm and IH PBGs com-
posed of BTSCs"*", Nakanuma ez /" 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) rate variants'. CLC is thought to originate
from canals of Hering/bile ductules where hHpSCs are
located. Komuta ez a/' ™ 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 trabeculat 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 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 detived 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, i vitro, they express diverse cellular pro-
teins and have different cellular shape, doubling time,
chromosome karyotype and chernosensitivitym. 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 (VEGE) (22% vs 78%)
as compared to IH-CCAs"™. Moreover, prognostic mark-
ers were differentially expressed, as hilar CCAs carried
out stronger perineural invasion (83% »s 42%) than pe-
ripheral CCAs™™. 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 ¢z al'”, 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 »s peripheral cuboidal ductu-
lar cells or hHpSCs. They investigated the clinical-patho-
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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 CL.C. 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—originm. 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 »s
the medium-large TH bile ducts, recently Nakanuma e a/™”
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 e al*” 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 TH-CCA from small ducts™. The
survival of patients with IH-CCA from large ducts was
worse than that of patients with IH-CCA from small
ducts™. 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™*. 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™". More recently, an additional stem cell niche
has been identified in the PBGs"*"”. PBGs are particu-
latly high in density at the level of cystic duct, hilum and
periampular region, sites where CCAs typically emerge!”.
Within PBGs, stem cell niche has been recently desctibed
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"*'”. 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™™ We recently revised the literature dealing with
risk factors and pathologies associated with IH- and EH-
CCAY. 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 citrhosis, 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 TH- 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 ITH-CCA.
These pathologies are characterized by a strong ductular
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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 injuryw)]. From the other side, pathologies
of the large IH and EH bile ducts, such as liver flukes,
cholangitis, PSC, choledochal cysts, secondary biliary cit-
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)"*. On the basis of these
recent observations, we hypothesize that eatly cells within
PBGs are the sites of origin of malignancies associated
with chronic diseases ot pathological conditions of the
IH medium-large and EH bile ducts®. 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". 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”.
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. Fut-
ther studies are needed to corroborate these hypotheses
which could explain the large different epidemiological
profile of TH- and EH-CCA®*,

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™**, 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 eatly 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™!, Recently, Carpentier ¢ a/*" 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 ate very similar in terms
of histology, cell phenotype and share common stem
cells constituted by the BTSCs of the PBGs' ", 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"*"!. The phenotype of
the cells lining the large IH and the EH bile ducts or the
PBGs in adult and fetal life!"” and the recent insights
supporting the hilum-to-periphery development of the
biliary tree™*, 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
catlier 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)"™ and the TH-CCAs involving the large TH bile
ducts are associated with the worst prognostic markers
in comparison to the peripheral IH-CCAs involving the
small bile ducts”***
et al™” showed that discrete homogenous molecular pro-
files of both hilar and peripheral-type CCAs were associ-
ated with different prognostic classes, suggesting that a

| However, very recently, Andersen

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
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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 lincages
(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 pancreasm
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 glycoproteinsm.
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”™.
Meanwhile, howevert, 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-
tived CCAs, usually show a peti-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[sg], TH-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).

REFERENCES

1

10

11

12

13

14

15

Callea F, Sergi C, Fabbretti G, Brisigotti M, Cozzutto C,
Medicina D. Precancerous lesions of the biliary tree. | Surg
Oncol Suppl 1993; 3: 131-133

Nakanuma Y, Minato H, Kida T, Terada T. Pathology of chol-
angiocellular carcinoma. In: Tobe T, Kameda H, Okudaira M,
Ohto M, Endo Y, Mito M, Okamoto E, Tanikawa K, Kojiro
M, editors. Primary liver cancer in Japan. Tokyo: Springer-
Verlag, 1992: 39-50

Klatskin G. Adenocarcinoma of the hepatic duct at its bi-
furcation within the porta hepatis. an unusual tumor with
distinctive clinical and pathological features. Am | Med 1965;
38:241-256

Nakanuma Y, Sripa B, Vatanasapt V, Leong ASY, Ponchon
T, Ishak KG. Intrahepatic cholangiocarcinoma. In: Hamilton
SR, Aaltonen LA, editors. World Health Organization clas-
sification of tumours: Pathology and genetics of tumours of
the digestive system. Lyon: IARC Press, 2000: 173-180
Roskams T. Liver stem cells and their implication in he-
patocellular and cholangiocarcinoma. Oncogene 2006; 25:
3818-3822

Welzel TM, McGlynn KA, Hsing AW, O’'Brien TR, Pfeiffer
RM. Impact of classification of hilar cholangiocarcinomas
(Klatskin tumors) on the incidence of intra- and extrahepatic
cholangiocarcinoma in the United States. ] Natl Cancer Inst
2006; 98: 873-875

Alvaro D, Crocetti E, Ferretti S, Bragazzi MC, Capocaccia R.
Descriptive epidemiology of cholangiocarcinoma in Italy.
Dig Liver Dis 2010; 42: 490-495

Cardinale V, Semeraro R, Torrice A, Gatto M, Napoli C,
Bragazzi MC, Gentile R, Alvaro D. Intra-hepatic and extra-
hepatic cholangiocarcinoma: New insight into epidemiology
and risk factors. World | Gastrointest Oncol 2010; 2: 407-416
Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells,
cancer, and cancer stem cells. Nature 2001; 414: 105-111
Oishi N, Wang XW. Novel therapeutic strategies for target-
ing liver cancer stem cells. Int | Biol Sci 2011; 7: 517-535
Theise ND, Saxena R, Portmann BC, Thung SN, Yee H,
Chiriboga L, Kumar A, Crawford JM. The canals of Her-
ing and hepatic stem cells in humans. Hepatology 1999; 30:
1425-1433

Kuwahara R, Kofman AV, Landis CS, Swenson ES, Bar-
endswaard E, Theise ND. The hepatic stem cell niche: iden-
tification by label-retaining cell assay. Hepatology 2008; 47:
1994-2002

Schmelzer E, Zhang L, Bruce A, Wauthier E, Ludlow ], Yao
HL, Moss N, Melhem A, McClelland R, Turner W, Kulik M,
Sherwood S, Tallheden T, Cheng N, Furth ME, Reid LM. Hu-
man hepatic stem cells from fetal and postnatal donors. | Exp
Med 2007; 204: 1973-1987

Cardinale V, Wang Y, Carpino G, Cui CB, Gatto M, Rossi M,
Berloco PB, Cantafora A, Wauthier E, Furth ME, Inverardi
L, Dominguez-Bendala ], Ricordi C, Gerber D, Gaudio E,
Alvaro D, Reid L. Multipotent stem/progenitor cells in hu-
man biliary tree give rise to hepatocytes, cholangiocytes, and
pancreatic islets. Hepatology 2011; 54: 2159-2172

Carpino G, Cardinale V, Onori P, Franchitto A, Berloco
PB, Rossi M, Wang Y, Semeraro R, Anceschi M, Brunelli R,
Alvaro D, Reid LM, Gaudio E. Biliary tree stem/progenitor

(49

TR
JBaishideng®

WJGO | www.wjgnet.com

101

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

cells in glands of extrahepatic and intraheptic bile ducts: an
anatomical in situ study yielding evidence of maturational
lineages. | Anat 2012; 220: 186-199

Turner R, Lozoya O, Wang Y, Cardinale V, Gaudio E, Alpini
G, Mendel G, Wauthier E, Barbier C, Alvaro D, Reid LM.
Human hepatic stem cell and maturational liver lineage biol-
ogy. Hepatology 2011; 53: 1035-1045

Komuta M, Govaere O, Vander Borght S, De Vos R, Vande-
caveye V, Verslype C, Van Steenbergen W, Aerts R, Pirenne
J, Topal B, Nevens F, Desmet V], Roskams T. Histological
diversity in cholangiocellular carcinoma suggesting different
cells of origin: intrahepatic progenitor cells versus hilar mu-
cin producing cells. | Hepatol 2011; 54 (Suppl 1): S37
Nakanuma Y, Sato Y, Harada K, Sasaki M, Xu J, Ikeda H.
Pathological classification of intrahepatic cholangiocarcino-
ma based on a new concept. World | Hepatol 2010; 2: 419-427
Alison MR. Liver stem cells: implications for hepatocarcino-
genesis. Stem Cell Rev 2005; 1: 253-260

Cardinale V, Wang Y, Carpino G, Cui CB, Gatto M, Rossi M,
Berloco PB, Cantafora A, Wauthier E, Furth ME, Inverardi
L, Dominguez-Bendala J, Ricordi C, Gerber D, Gaudio E,
Alvaro D, Reid L. Multipotent stem/ progenitor cells in hu-
man biliary tree give rise to hepatocytes, cholangiocytes, and
pancreatic islets. Hepatology 2011; 54: 2159-2172

Alison MR, Islam S, Lim S. Stem cells in liver regeneration,
fibrosis and cancer: the good, the bad and the ugly. | Pathol
2009; 217: 282-298

Nakanuma Y, Hoso M, Sanzen T, Sasaki M. Microstructure
and development of the normal and pathologic biliary tract
in humans, including blood supply. Microsc Res Tech 1997;
38: 552-570

Roskams T, Desmet V. Embryology of extra- and intrahe-
patic bile ducts, the ductal plate. Anat Rec (Hoboken) 2008;
291: 628-635

Tan CE, Moscoso GJ. The developing human biliary system
at the porta hepatis level between 11 and 25 weeks of gesta-
tion: a way to understanding biliary atresia. Part 2. Pathol Int
1994; 44: 600-610

Antoniou A, Raynaud P, Cordi S, Zong Y, Tronche F,
Stanger BZ, Jacquemin P, Pierreux CE, Clotman F, Lemaigre
FP. Intrahepatic bile ducts develop according to a new mode
of tubulogenesis regulated by the transcription factor SOX9.
Gastroenterology 2009; 136: 2325-2333

Terada T, Nakanuma Y. Expression of pancreatic enzymes
(alpha-amylase, trypsinogen, and lipase) during human liver
development and maturation. Gastroenterology 1995; 108:
1236-1245

Visvader JE. Cells of origin in cancer. Nature 2011; 469:
314-322

Visvader JE, Lindeman GJ. Cancer stem cells in solid tu-
mours: accumulating evidence and unresolved questions.
Nat Rev Cancer 2008; 8: 755-768

Bonnet D, Dick JE. Human acute myeloid leukemia is orga-
nized as a hierarchy that originates from a primitive hemato-
poietic cell. Nat Med 1997; 3: 730-737

Bailleul B, Surani MA, White S, Barton SC, Brown K, Bless-
ing M, Jorcano J, Balmain A. Skin hyperkeratosis and papil-
loma formation in transgenic mice expressing a ras oncogene
from a suprabasal keratin promoter. Cell 1990; 62: 697-708
Brown K, Strathdee D, Bryson S, Lambie W, Balmain A. The
malignant capacity of skin tumours induced by expression of
a mutant H-ras transgene depends on the cell type targeted.
Curr Biol 1998; 8: 516-524

Kim H, Park C, Han KH, Choi J, Kim YB, Kim JK, Park YN.
Primary liver carcinoma of intermediate (hepatocyte-cholan-
giocyte) phenotype. | Hepatol 2004; 40: 298-304

Yamashita T, Ji ], Budhu A, Forgues M, Yang W, Wang HY,
Jia H, Ye Q, Qin LX, Wauthier E, Reid LM, Minato H, Honda
M, Kaneko S, Tang ZY, Wang XW. EpCAM-positive hepato-
cellular carcinoma cells are tumor-initiating cells with stem/

May 15,2012 | Volume 4 | Issue5 |



34

35

36

37

38

39

40

41

42

43

44

45

Cardinale V et a/. Multiple cells of origin in cholangiocarcinoma

progenitor cell features. Gastroenterology 2009; 136: 1012-1024
Yamashita T, Honda M, Nio K, Nakamoto Y, Yamashita T,
Takamura H, Tani T, Zen Y, Kaneko S. Oncostatin m renders
epithelial cell adhesion molecule-positive liver cancer stem
cells sensitive to 5-Fluorouracil by inducing hepatocytic dif-
ferentiation. Cancer Res 2010; 70: 4687-4697

Meng F, Glaser SS, Francis H, DeMorrow S, Han Y, Passarini
JD, Stokes A, Cleary JP, Liu X, Venter J, Kumar P, Priester S,
Hubble L, Staloch D, Sharma J, Liu CG, Alpini G. Functional
analysis of microRNAs in human hepatocellular cancer stem
cells. ] Cell Mol Med 2012; 16: 160-173

Yamashita T, Budhu A, Forgues M, Wang XW. Activation
of hepatic stem cell marker EpCAM by Wnt-beta-catenin
signaling in hepatocellular carcinoma. Cancer Res 2007; 67:
10831-10839

Schirmacher P, Bedossa P, Roskams T, Tiniakos DG, Brunt
EM, Zucman-Rossi ], Manns MP, Galle PR. Fighting the
bushfire in HCC trials. | Hepatol 2011; 55: 276-277

Blechacz B, Komuta M, Roskams T, Gores GJ. Clinical diag-
nosis and staging of cholangiocarcinoma. Nat Rev Gastroen-
terol Hepatol 2011; 8: 512-522

Farges O, Fuks D, Le Treut YP, Azoulay D, Laurent A,
Bachellier P, Nuzzo G, Belghiti J, Pruvot FR, Regimbeau JM.
AJCC 7th edition of TNM staging accurately discriminates
outcomes of patients with resectable intrahepatic cholangio-
carcinoma: By the AFC-IHCC-2009 study group. Cancer 2011;
117: 2170-2177

Komuta M, Spee B, Vander Borght S, De Vos R, Verslype C,
Aerts R, Yano H, Suzuki T, Matsuda M, Fujii H, Desmet V],
Kojiro M, Roskams T. Clinicopathological study on cholan-
giolocellular carcinoma suggesting hepatic progenitor cell
origin. Hepatology 2008; 47: 1544-1556

He XR, Wu XP. Difference in biological characteristics and
sensitivity to chemotherapy and radiotherapy between intra-
hepatic and extrahepatic cholangiocarcinoma cells in vitro.
Chin Med Sci | 2008; 23: 54-59

Guedj N, Zhan Q, Perigny M, Rautou PE, Degos F, Belghiti ],
Farges O, Bedossa P, Paradis V. Comparative protein expres-
sion profiles of hilar and peripheral hepatic cholangiocarci-
nomas. | Hepatol 2009; 51: 93-101

Aishima S, Kuroda Y, Nishihara Y, Iguchi T, Taguchi K,
Taketomi A, Maehara Y, Tsuneyoshi M. Proposal of progres-
sion model for intrahepatic cholangiocarcinoma: clinicopath-
ologic differences between hilar type and peripheral type.
Am ] Surg Pathol 2007; 31: 1059-1067

Carpentier R, Sufier RE, van Hul N, Kopp JL, Beaudry JB,
Cordi S, Antoniou A, Raynaud P, Lepreux S, Jacquemin P,
Leclercq IA, Sander M, Lemaigre FP. Embryonic ductal plate
cells give rise to cholangiocytes, periportal hepatocytes,
and adult liver progenitor cells. Gastroenterology 2011; 141:
1432-1438, 1438.e1-1438.e4

Furuyama K, Kawaguchi Y, Akiyama H, Horiguchi M, Ko-
dama S, Kuhara T, Hosokawa S, Elbahrawy A, Soeda T, Koi-
zumi M, Masui T, Kawaguchi M, Takaori K, Doi R, Nishi E,

(49

TR
JBaishideng®

WJGO | www.wjgnet.com

102

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Kakinoki R, Deng JM, Behringer RR, Nakamura T, Uemoto
S. Continuous cell supply from a Sox9-expressing progeni-
tor zone in adult liver, exocrine pancreas and intestine. Nat
Genet 2011; 43: 34-41

Yoon SM, Gerasimidou D, Kuwahara R, Hytiroglou P, Yoo
JE, Park YN, Theise ND. Epithelial cell adhesion molecule
(EpCAM) marks hepatocytes newly derived from stem/pro-
genitor cells in humans. Hepatology 2011; 53: 964-973

Heo J, Factor VM, Uren T, Takahama Y, Lee JS, Major M,
Feinstone SM, Thorgeirsson SS. Hepatic precursors derived
from murine embryonic stem cells contribute to regeneration
of injured liver. Hepatology 2006; 44: 1478-1486

Kimura W, Futakawa N, Zhao B. Neoplastic diseases of the
papilla of Vater. | Hepatobiliary Pancreat Surg 2004; 11: 223-231
Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma.
Hepatology 2011; 54: 173-184

Gaudio E, Carpino G, Cardinale V, Franchitto A, Onori P,
Alvaro D. New insights into liver stem cells. Dig Liver Dis
2009; 41: 455-462

Terada T, Nakanuma Y. Pathological observations of intra-
hepatic peribiliary glands in 1,000 consecutive autopsy liv-
ers. III. Survey of necroinflammation and cystic dilatation.
Hepatology 1990; 12: 1229-1233

Terada T, Nakanuma Y. Pathologic observations of intrahe-
patic peribiliary glands in 1,000 consecutive autopsy livers:
IV. Hyperplasia of intramural and extramural glands. Hum
Pathol 1992; 23: 483-490

Terada T, Ashida K, Endo K, Horie S, Maeta H, Matsunaga
Y, Takashima K, Ohta T, Kitamura Y. c-erbB-2 protein is
expressed in hepatolithiasis and cholangiocarcinoma. Histo-
pathology 1998; 33: 325-331

Terada T, Nakanuma Y, Sirica AE. Immunohistochemical
demonstration of MET overexpression in human intrahe-
patic cholangiocarcinoma and in hepatolithiasis. Hum Pathol
1998; 29: 175-180

Yu TH, Yuan RH, Chen YL, Yang WC, Hsu HC, Jeng YM.
Viral hepatitis is associated with intrahepatic cholangiocar-
cinoma with cholangiolar differentiation and N-cadherin
expression. Mod Pathol 2011; 24: 810-819

Andersen JB, Spee B, Blechacz BR, Avital I, Komuta M,
Barbour A, Conner EA, Gillen MC, Roskams T, Roberts LR,
Factor VM, Thorgeirsson SS. Genomic and genetic character-
ization of cholangiocarcinoma identifies therapeutic targets
for tyrosine kinase inhibitors. Gastroenterology 2012; 142:
1021-1031.e15

Nakanuma Y. A novel approach to biliary tract pathology
based on similarities to pancreatic counterparts: is the biliary
tract an incomplete pancreas? Pathol Int 2010; 60: 419-429
Carpino G, Cardinale V, Reid L, Alvaro D, Gaudio E. Cells
of origin and cancer stem cells in cholangiocarcinoma. Transl
Gastrointest Cancer 2012; 1: 33-43

Fava G, Marzioni M, Benedetti A, Glaser S, DeMorrow S,
Francis H, Alpini G. Molecular pathology of biliary tract can-
cers. Cancer Lett 2007; 250: 155-167

S- Editor Wang JL L- Editor Roemmele A E- Editor Zheng XM

May 15,2012 | Volume 4 | Issue5 |



J¢0

World Journal of
Gastrointestinal Oncology

Online Submissions: http:/ /www.wjgnet.com/1948-5204office

wjgo@wijgnet.com
doi:10.4251/wjgo.v4.i5.103

World ] Gastrointest Oncol 2012 May 15; 4(5): 103-108
ISSN 1948-5204 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Relationship between HER-2 overexpression and brain
metastasis in esophageal cancer patients

Taher Abu Hejleh, Barry R DeYoung, Eric Engelman, Jeremy M Deutsch, Bridget Zimmerman,
Thorvardur R Halfdanarson, Daniel J Berg, Kalpaj R Parekh, William R Lynch, Mark D Iannettoni,

Sudershan Bhatia, Gerald Clamon

Taher Abu Hejleh, Eric Engelman, Jeremy M Deutsch,
Thorvardur R Halfdanarson, Daniel J Berg, Gerald Clamon,
Division of Hematology, Oncology and Marrow Transplanta-
tion, Department of Internal Medicine, University of lowa Hos-
pitals and Clinics, 200 Hawkins Drive, C32 GH, lowa City, IA
52242-1081, United States

Barry R DeYoung, Department of Pathology, University of lowa
Hospitals and Clinics, 200 Hawkins Drive, 5238C RCP, Iowa
City, IA 52242-1081, United States

Bridget Zimmerman, Department of Biostatistics, College of
Public Health, University of lowa, 200 Hawkins Drive, N377
CPHB, Iowa City, IA 52242-1081, United States

Kalpaj R Parekh, William R Lynch, Mark D Iannettoni, De-
partment of Cardiothoracic Surgery, University of lowa Hospi-
tals and Clinics, 200 Hawkins Drive, SE514 GH, lowa City, IA
52242-1081, United States

Sudershan Bhatia, Department of Radiation Oncology, Uni-
versity of lowa Hospitals and Clinics, 200 Hawkins Drive, 1624
PFP, Iowa City, IA 52242-1081, United States

Author contributions: Abu Hejleh T performed most of the
work, including study design, data collection, analyzing the study
results, and writing the manuscript; Engelman E and Deutsch JM
participated in designing the study, data collection and editing
the manuscript; Halfdanarson TR, Berg DJ and Clamon G par-
ticipated in the study design, analyzing the results and editing the
manuscript; DeYoung BR was involved in the study design, per-
formed the immunohistochemistry stains for HER-2, and edited
the manuscript; Zimmerman B addressed the study design, per-
formed the statistical analysis and approved the results included
in the final manuscript; Parekh KR, Lynch WR and Iannettoni
MD were involved in the study concept and design, performed
the surgeries (esophagectomies), edited and approved the final
manuscript; Bhatia S participated in the study design, supervised
radiation delivery to the esophagus, and edited the final manu-
script; all authors approved the final manuscript for publication.
Supported by The Iowa Leukemia and Cancer Research Fund at
University of lowa Hospitals and clinics

Correspondence to: Taher Abu Hejleh, MBBS, Division of
Hematology, Oncology and Marrow Transplantation, Department
of Internal Medicine, University of lowa Hospitals and Clinics,
200 Hawkins Dr. C32 GH, Iowa City, IA52242-1081,

United States. taher-hejleh@uiowa.edu

(4 9

.gu;;:m,@ WJGO | www.wjgnet.com

Telephone: +1-319-6217975 Fax: +1-319-3538383
Received: October 1,2011  Revised: January 19, 2012
Accepted: March 10, 2012

Published online: May 15,2012

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!™”. The incidence rate of brain
metastasis, thought to be around 1%-5%, is derived from
case series and autopsy reports[m. 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!. Urba ¢ a/”, 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™”, lower tumor grade and stage'™”,
and smaller tumor length!"” are associated with favorable
outcomes. Other trials showed that larger tumors and
petioperative chemotherapy or radiation therapy might
be associated with a higher risk of subsequent brain me-

11,12 .
UL 11 breast cancer, other risk factors such as

tastases
over expression of HER-2, a membrane bound tyrosine
kinase, were shown to predispose to brain metastasis
(hazard ratio: 4.23, P = 0.0007)">"4.

HER-2 is over expressed in approximately 25% of
esophageal cancers''" and is associated with a worse
prognosis'. 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 (Hetrceptin), a recombinant
humanized monoclonal antibody that inhibits HER-2 re-
ceptor, combined with chemotherapy improved survival
in patients with metastatic disease™. To our knowledge,
there has been no correlation identified between esopha-
geal cancer HER-2 receptor positivity and risk of brain
metastasis.
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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™.

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 yeats (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 TANIMO (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: NO: 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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Table 1 Characteristics of esophageal cancer patients who
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Table 2 First site of esophageal cancer relapse following

underwent esophagectomy

esophagectomy

Characteristics n (%) Relapse site n (%)
Age on diagnosis of esophageal cancer (yr) Brain 9(21)
Median 64 Peritoneum 3(7)

Range 36-86 Esophageal remnants, paraesophageal lymph nodes or 13 (30)
Sex mediastinum (locoregional relapse)

Male 124 (87.3) Lungs 8 (19)

Female 18 (12.7) Liver 6 (14)
Smoking Bone 4(9)

<100 cigs/life 33(23.2)

<10 pack-year 9(6.3)

> 10 pack-year 87 (61.3)

Unknown 13 (9.2) 1.0 — survival
Esophageal cancer type (path report) 09 B>y Confidence intervals

Adenocarcinoma 118 (83.1) 0.8

Squamous cell carcinoma 22 (15.5) 07 -

Small cell carcinoma 1(0.7) — 06 -

GIST 1(0.7) s
T classification % 051

T1 18 (12.7) 2 0.4

T2 19 (13.4) 0.3

T3 76 (53.5) 0.2

T4 2(1.4) 01 -

Unknown 27 (19) 00 bt e A
N classification 0 12 24 36 48 60 72 84 96 108

NO 49 (34.5) t/mo

N1 65 (45.8)

N2 3(21) . . .

s 25 (17.6) Figure 1 Overall survival for all patients.
Neoadjuvant treatment

Neoadjuvant treatment 88 (62) 1.0

No neoadjuvant treatment 52 (36.6) B pCR

Unknown 2(1.4) 0.9 —— pPR
Response to neoadjuvant treatment 0.8

No residual tumor (complete response) 17 (12) 0.7 Log-rank test 2 = 0.207

Residual tumor present (partial response) 71 (50) 0.6

No neoadjuvant treatment 52 (36.6) .‘é 05 -

Unknown 2(1.4) =]

¥ 04

Tumor grade

Well differentiated 1(28) 0.3

Moderately differentiated 67 (47.2) 0.2 -

Poorly differentiated 61 (43) 0.1 -

Unknown 10 (7) 00 bt
Disease relapse 0 12 24 36 48 60 72 84 96 108

Yes 43 (30.3) t/mo

No 91 (64.1)

(Bjal i S5 Figure 2 Overall survival for the patients who had pathological complete

GIST: Gastrointestinal stromal tumor.

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 T3N1MO
(7/9), neoadjuvant chemotherapy and radiation therapy
(7/9), pCR (1/9), adenocatcinoma (7/9), squamous cell
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response or partial response. pCR: Pathological complete response; pPR:
Pathological partial response.

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
stalning,

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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Figure 3 Brain metastasis staining for HER-2. A: 0 HER-2 staining; B: 3+
HER-2 staining.

DISCUSSION

HEsophageal 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'"”*". 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 ate alive 5 years following diagnosis®”*?.

Brain metastasis as the first site of disease relapse after
esophagectomy for esophageal cancer is uncommon®¥,
However, our study showed a higher frequency of brain
relapses in locally advanced esophageal cancer patients
who underwent esophagectomy compared to histori-
cal figures'!. Recognizing the increased risk of brain
metastasis in HER-2 positive breast cancer patientsm’m
and the known overexpression of HER-2 in esophageal
cancers™, 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,
inaphase I /I trial by Safran ez al™ 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
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or chemotherapy. Although surgical resection or SRS of
a limited number of brain metastasis resulted in survival
benefit in various cancers including esophageal cancer™ ™,
chemotherapy treatment of CNS metastasis has been
limited, primarily due to the blood brain barrier in addi-
tion to other factors™". 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”". Alternatively, intrathecal Trastuzumab showed
encouraging results treating HER-2 positive breast cancer
leptomeningeal metastasis” . Lapatinib, an oral HER-2
tyrosine kinase inhibitor that crosses the blood brain bat-
rier, combined with Capecitabine resulted in partial and
complete responses of brain metastasis from HER-2
positive breast cancers”™ ",

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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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.

REFERENCES

1 Meguid RA, Hooker CM, Taylor JT, Kleinberg LR, Cattaneo
SM, Sussman MS, Yang SC, Heitmiller RF, Forastiere AA,
Brock MV. Recurrence after neoadjuvant chemoradiation
and surgery for esophageal cancer: does the pattern of recur-
rence differ for patients with complete response and those
with partial or no response? | Thorac Cardiovasc Surg 2009;
138: 1309-1317

2 Yoshida S. Brain metastasis in patients with esophageal car-
cinoma. Surg Neurol 2007; 67: 288-290

3 Anderson LL, Lad TE. Autopsy findings in squamous-cell
carcinoma of the esophagus. Cancer 1982; 50: 1587-1590

4 Mandard AM, Chasle ], Marnay ], Villedieu B, Bianco C,
Roussel A, Elie H, Vernhes JC. Autopsy findings in 111 cases
of esophageal cancer. Cancer 1981; 48: 329-335

5 Urba SG, Orringer MB, Turrisi A, lannettoni M, Forastiere A,
Strawderman M. Randomized trial of preoperative chemo-
radiation versus surgery alone in patients with locoregional
esophageal carcinoma. | Clin Oncol 2001; 19: 305-313

6 Hammoud ZT, Kesler KA, Ferguson MK, Battafarrano R],
Bhogaraju A, Hanna N, Govindan R, Mauer AA, Yu M, Ein-
horn LH. Survival outcomes of resected patients who dem-
onstrate a pathologic complete response after neoadjuvant
chemoradiation therapy for locally advanced esophageal
cancer. Dis Esophagus 2006; 19: 69-72

7 Swisher SG, Hofstetter W, Komaki R, Correa AM, Erasmus J,
Lee JH, Liao Z, Maru D, Mehran R, Patel S, Rice DC, Roth JA,
Vaporciyan AA, Walsh GL, Ajani JA. Improved long-term
outcome with chemoradiotherapy strategies in esophageal
cancer. Ann Thorac Surg 2010; 90: 892-898; discussion 898-899

8 Kim T, Grobmyer SR, Smith R, Ben-David K, Ang D, Vogel
SB, Hochwald SN. Esophageal cancer--the five year survi-
vors. | Surg Oncol 2011; 103: 179-183

9 Yoon HH, Khan M, Shi Q, Cassivi SD, Wu TT, Quevedo JF,
Burch PA, Sinicrope FA, Diasio RB. The prognostic value of
clinical and pathologic factors in esophageal adenocarcino-
ma: a mayo cohort of 796 patients with extended follow-up
after surgical resection. Mayo Clin Proc 2010; 85: 1080-1089

10 Griffiths EA, Brummell Z, Gorthi G, Pritchard SA, Welch
IM. Tumor length as a prognostic factor in esophageal malig-
nancy: univariate and multivariate survival analyses. | Surg
Oncol 2006; 93: 258-267

11 Ogawa K, Toita T, Sueyama H, Fuwa N, Kakinohana Y,

Kamata M, Adachi G, Saito A, Yoshii Y, Murayama S. Brain
metastases from esophageal carcinoma: natural history,

(49

Jgu;:;:mg@ WJGO | www.wjgnet.com

Hejleh TA et a/. Esophageal cancer HER2 and brain relapse

107

12

13

14

15

16

17

18

19

20

21

22

23

24

25

prognostic factors, and outcome. Cancer 2002; 94: 759-764
Rice TW, Khuntia D, Rybicki LA, Adelstein DJ, Vogelbaum
MA, Mason DP, Murthy SC, Blackstone EH. Brain metas-
tases from esophageal cancer: a phenomenon of adjuvant
therapy? Ann Thorac Surg 2006; 82: 2042-2049, 2049.e1-2049.
e2

Tomasello G, Bedard PL, de Azambuja E, Lossignol D,
Devriendt D, Piccart-Gebhart MJ. Brain metastases in HER2-
positive breast cancer: the evolving role of lapatinib. Crit Rev
Oncol Hematol 2010; 75: 110-121

Gabos Z, Sinha R, Hanson ], Chauhan N, Hugh ], Mackey
JR, Abdulkarim B. Prognostic significance of human epider-
mal growth factor receptor positivity for the development of
brain metastasis after newly diagnosed breast cancer. | Clin
Oncol 2006; 24: 5658-5663

Liang Z, Zeng X, Gao J, Wu S, Wang P, Shi X, Zhang J, Liu T.
Analysis of EGFR, HER2, and TOP2A gene status and chro-
mosomal polysomy in gastric adenocarcinoma from Chinese
patients. BMC Cancer 2008; 8: 363

Polkowski W, van Sandick JW, Offerhaus GJ, ten Kate FJ,
Mulder ], Obertop H, van Lanschot JJ. Prognostic value of
Laurén classification and c-erbB-2 oncogene overexpression
in adenocarcinoma of the esophagus and gastroesophageal
junction. Ann Surg Oncol 1999; 6: 290-297

Brien TP, Odze RD, Sheehan CE, McKenna BJ, Ross JS.
HER-2/neu gene amplification by FISH predicts poor sur-
vival in Barrett’s esophagus-associated adenocarcinoma.
Hum Pathol 2000; 31: 35-39

Bang Y], Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Riischoff ], Kang YK. Trastuzum-
ab in combination with chemotherapy versus chemotherapy
alone for treatment of HER2-positive advanced gastric or
gastro-oesophageal junction cancer (ToGA): a phase 3, open-
label, randomised controlled trial. Lancet 2010; 376: 687-697
Tepper J, Krasna MJ, Niedzwiecki D, Hollis D, Reed CE,
Goldberg R, Kiel K, Willett C, Sugarbaker D, Mayer R. Phase
III trial of trimodality therapy with cisplatin, fluorouracil,
radiotherapy, and surgery compared with surgery alone
for esophageal cancer: CALGB 9781. ] Clin Oncol 2008; 26:
1086-1092

Walsh TN, Noonan N, Hollywood D, Kelly A, Keeling N,
Hennessy TP. A comparison of multimodal therapy and sur-
gery for esophageal adenocarcinoma. N Engl | Med 1996; 335:
462-467

Kelsen DP, Ginsberg R, Pajak TF, Sheahan DG, Gunderson
L, Mortimer J, Estes N, Haller DG, Ajani ], Kocha W, Minsky
BD, Roth JA. Chemotherapy followed by surgery compared
with surgery alone for localized esophageal cancer. N Engl |
Med 1998; 339: 1979-1984

Cooper JS, Guo MD, Herskovic A, Macdonald JS, Martenson
JA, Al-Sarraf M, Byhardt R, Russell AH, Beitler JJ, Spencer S,
Asbell SO, Graham MV, Leichman LL. Chemoradiotherapy
of locally advanced esophageal cancer: long-term follow-up
of a prospective randomized trial (RTOG 85-01). Radiation
Therapy Oncology Group. JAMA 1999; 281: 1623-1627
al-Kasspooles M, Moore JH, Orringer MB, Beer DG. Ampli-
fication and over-expression of the EGFR and erbB-2 genes
in human esophageal adenocarcinomas. Int | Cancer 1993; 54:
213-219

Hardwick RH, Shepherd NA, Moorghen M, Newcomb PV,
Alderson D. c-erbB-2 overexpression in the dysplasia/car-
cinoma sequence of Barrett’s oesophagus. | Clin Pathol 1995;
48:129-132

Safran H, Dipetrillo T, Akerman P, Ng T, Evans D, Steinhoff
M, Benton D, Purviance J, Goldstein L, Tantravahi U, Ken-
nedy T. Phase I/1I study of trastuzumab, paclitaxel, cisplatin
and radiation for locally advanced, HER2 overexpressing,
esophageal adenocarcinoma. Int | Radiat Oncol Biol Phys
2007; 67: 405-409

May 15,2012 | Volume 4 | Issue5 |



26

27

28

29

30

31

Hejleh TA et a/. Esophageal cancer HER2 and brain relapse

Flannery TW, Suntharalingam M, Regine WF, Chin LS,
Krasna MJ, Shehata MK, Edelman M]J, Kremer M, Patchell
RA, Kwok Y. Long-term survival in patients with synchro-
nous, solitary brain metastasis from non-small-cell lung
cancer treated with radiosurgery. Int | Radiat Oncol Biol Phys
2008; 72: 19-23

Muacevic A, Kreth FW, Horstmann GA, Schmid-Elsaesser R,
Wowra B, Steiger HJ, Reulen HJ. Surgery and radiotherapy
compared with gamma knife radiosurgery in the treatment
of solitary cerebral metastases of small diameter. | Neurosurg
1999; 91: 35-43

Weinberg JS, Suki D, Hanbali F, Cohen ZR, Lenzi R, Sawaya
R. Metastasis of esophageal carcinoma to the brain. Cancer
2003; 98: 1925-1933

Bart J, Groen HJ, Hendrikse NH, van der Graaf WT, Vaal-
burg W, de Vries EG. The blood-brain barrier and oncology:
new insights into function and modulation. Cancer Treat Rev
2000; 26: 449-462

Cordon-Cardo C, O’'Brien JP, Casals D, Rittman-Grauer L,
Biedler JL, Melamed MR, Bertino JR. Multidrug-resistance
gene (P-glycoprotein) is expressed by endothelial cells at
blood-brain barrier sites. Proc Natl Acad Sci USA 1989; 86:
695-698

Pestalozzi BC, Brignoli S. Trastuzumab in CSF. | Clin Oncol
2000; 18: 2349-2351

(4 9

TR
JBaishideng®

WJGO | www.wjgnet.com

108

32

33

34

35

36

37

Oliveira M, Braga S, Passos-Coelho JL, Fonseca R, Oliveira
J. Complete response in HER2+ leptomeningeal carcinoma-
tosis from breast cancer with intrathecal trastuzumab. Breast
Cancer Res Treat 2011; 127: 841-844

Platini C, Long ], Walter S. Meningeal carcinomatosis from
breast cancer treated with intrathecal trastuzumab. Lancet
Oncol 2006; 7: 778-780

Metro G, Foglietta J, Russillo M, Stocchi L, Vidiri A, Gi-
annarelli D, Crino L, Papaldo P, Mottolese M, Cognetti F,
Fabi A, Gori S. Clinical outcome of patients with brain me-
tastases from HER2-positive breast cancer treated with lapa-
tinib and capecitabine. Ann Oncol 2011; 22: 625-630

Gliick S, Castrellon A. Lapatinib plus capecitabine resolved
human epidermal growth factor receptor 2-positive brain
metastases. Am | Ther 2009; 16: 585-590

Ekenel M, Hormigo AM, Peak S, Deangelis LM, Abrey LE.
Capecitabine therapy of central nervous system metastases
from breast cancer. | Neurooncol 2007; 85: 223-227

Lin NU, Diéras V, Paul D, Lossignol D, Christodoulou C,
Stemmler HJ, Roché H, Liu MC, Greil R, Ciruelos E, Loibl S,
Gori S, Wardley A, Yardley D, Brufsky A, Blum JL, Rubin
SD, Dharan B, Steplewski K, Zembryki D, Oliva C, Roychow-
dhury D, Paoletti P, Winer EP. Multicenter phase II study
of lapatinib in patients with brain metastases from HER2-
positive breast cancer. Clin Cancer Res 2009; 15: 1452-1459

S- Editor Wang JL L- Editor Roemmele A E- Editor Zheng XM

May 15,2012 | Volume 4 | Issue5 |



J¢0

World Journal of
Gastrointestinal Oncology

Online Submissions: http:/ /www.wjgnet.com/1948-5204office

wjgo@wijgnet.com
doi:10.4251/wjgo.v4.i5.109

World ] Gastrointest Oncol 2012 May 15; 4(5): 109-114
ISSN 1948-5204 (online)
© 2012 Baishideng. All rights reserved.

BRIEF ARTICLE

Analysis of liver metastasis after resection for pancreatic

ductal adenocarcinoma

Kwang Yeol Paik, Seong Ho Choi, Jin Seok Heo, Dong Wook Choi

Kwang Yeol Paik, Department of Surgery, Yeouido St. Mary’s
Hospital, Catholic University, College of Medicine, # 62 Yeoui-
do-dong, Yeongdeungpo-gu, 150-713 Seoul, South Korea

Seong Ho Choi, Jin Seok Heo, Dong Wook Choi, Department
of Surgery, Samsung Medical Center, Sungkyunkwan University
School of Medicine, 135-710 Seoul, South Korea

Author contributions: Paik KY and Choi SH designed and co-
ordinated the study; Paik KY collected the clinical data and ana-
lyzed the data and prepared the manuscript; Heo JS and Choi DW
revised critically for important intellectual content; all authors
read and approved the final manuscript.

Correspondence to: Seong Ho Choi, MD, Department of
Surgery, Samsung Medical Center, Sungkyunkwan University
School of Medicine, 50 Irwon-dong, Gangnam-gu, 135-710
Seoul, South Korea. pancreas@skku.edu

Telephone: +82-2-34103469 Fax: +82-2-34100040
Received: November 1,2011 Revised: April 23,2012
Accepted: May 2, 2012

Published online: May 15, 2012

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.
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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!"”. 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™. 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%">>". Postoperative adjuvant therapy,
with the purpose of reducing hepatic metastasis and local
recurrence, can influence survival gainm. Post-operative
recurrence is categotized 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 (z = 70), and patients with cancer in the body or
tail underwent distal pancreatectomy (# = 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 petineural
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'®. In this study, forty
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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 + lung' + bone’ 1(24)
+lung' 1(24)

'"Lung = lung metastasis; “Bone = bone metastasis.

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 vatious 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 zia " test indicated that preoperative
high level of CA 19-9, tumor size above 3cm, and peri-
neural invasion of the tumor wete 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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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.
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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).

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 wete

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
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Table 2 Factors influencing liver metastasis after pancreatec-

tomy for pancreatic ductal adenocarcinoma

Liver Non-liver P-value
metastasis metastasis
(n=41) (n = 60)

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
NO 23 24 0.13
N1 18 36

Resection margin
Positive 8] 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 1416 0.176 0.986
CA 199 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.

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
compated 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 ¢t al” reported 89% patients with PDAC recur-
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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 Non-liver P-value
metastasis metastasis
n=4) (n =18)

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
NO 4 11 0.19
N1 0 7

Resection margin
Positive 0 0 NA
Negative 4 18

NA: Not available; AJCC: American Joint Cancer Committee.

rence after surgical resection. Local recurrence was 72%,
and hepatic metastasis was 62%, over 22 years of study.
Nitecki e a/” reported 25% local recurrence and 37.5%
hepatic metastasis. In a Korean study of PDAC recur-
rence in a single institute"”, 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" " have revealed that the prognosis
in those with local recurrence is superior to those with
distant metastasis including T.M. Shibata ez a/'¥ reported
that mean survival time and actuatial 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 ez al™ 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.
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Another reportm 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 eatly recurrence within a
year despite radical resection for PDAC!"™',

In particular, Hishinuma ez /' 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 eatrly 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"”
A recent Japanese study reported that undifferentiated
PDAC is independently associated with hepatic metas-
tasis after pancreatic resection"”. 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 ez al" tevealed the
positive correlation between the expression of CA 19-9
and the hepatic metastatic potential of pancreatic cancet.
The depth of portal vein wall invasion significantly alters
survival after curative pancreatic resection combined with
portal vein tesection”. Previous studies have suggested
that several molecules, including epidermal growth fac-
tor receptot, E-cadherin, and laminin g-chain, that are
expressed at high levels in undifferentiated PDAC are as-
sociated with postoperative hepatic metastasis’” . Such
molecular changes may enhance the ability of pancreatic
ductal carcinoma to metastasize to the liver' . Nieder-
gethmann ez a/*” 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™ 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 B-catenin expression, and reduced cyto-
plasmic B-catenin expression were significantly associated
with shorter LM-free survival®”’. 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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controlled prospective study, postoperative gemcitabine
significantly delayed the development of recurrent dis-
ease after complete resection of pancreatic cancer™. A
Japanese study™ 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 TM"™ Hepatectomy was applied in patients with
LM in Germany, with between 9 and 24 mo of survival
after hepatectomy reported™. 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
eatly 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
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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
patientsm. 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". We previously
reported that suppression of VEGF and VEGEFR signal-
ing significantly suppressed HCC growth in the animal
model”. Accordingly, it has been shown that sorafenib
significantly improved the overall survival in patients
with advanced HCC in Western countries in the SHARP
trial™. Furthermore, an Asia-Pacific trial has shown that it
was also effective in the region™. 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[()’sl. 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
o-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
diarthea 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.
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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).

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 TU/L, ALT: 118 1U/L), biliary enzymes (yG'IP:
78 1U/L, alkaline phosphatase: 503 TU/L), bilirubin
(1.4 mg/ml), inflammation markers (WBC: 10 500/uL,
CRP: 2.3 mg/dL) and a marked ecosinophilia (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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as MRCP, was performed at the same time. Sorafenib
was immediately stopped, and steroid-pulse therapy was
petformed. Prednisolone (500 mg/d) for 3 d drastically
improved all clinical manifestations along with normaliza-
tion of CT findings, cosinophilia, 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 syndromew. 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”. 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™". Tn
clinical practice, eosinophilic cholecystitis is usually un-
suspected and is clinically indistinguishable from the pre-
dominant form of calculous cholecystitis'™'". 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' ", 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!"'?. Unlike eosinophilic gas-
tritis, most patients with eosinophilic cholecystitis have
no history of allergy, similar to our case!'”. 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%
eosinophﬂs[m]. 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-
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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'"®. 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, It has been reported
that gallbladder ischemia sometimes occurred after the
treatment with TACE, especially along with emboliza-
tion of the gallbladder arteryml. 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 o 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
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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
x 12 cm X 14 c¢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, o-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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INTRODUCTION

Gastrointestinal stromal tumors (GISTs), while relatively
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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'™,

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”. Omental, mesenteric, and retroperitoneal tu-
mors comprise less than 5% 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
10/0[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 o, 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' ™',

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 not-
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 X 12 cm
X 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-
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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.

red, relatively hard mass, and mixed with partly bleeding
blood clots. The cut sutface 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'). 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 q-smooth mus-
cle actin (a-SMA), consistent with a GIST. Therefore,
these features strongly indicate clinical malignancy with
abdominal hemorrhage, most likely GIST',

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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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 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.

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: x 40, B: x 200); C: Immunostaining of CD117 (KIT) was positive; D: Imnmunostaining of CD34 was positive (C, D: x 200).

tion (PCR), as described previously“sl and PCR primers DNA revealed no mutations of exons 9, 11, 13, 17 of
listed in Table 1. This analysis of extracted genomic KIT and exons 12 or 14 of PDGFRA. There was, how-
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Table 2 Clinicopathologic findings in 11 cases of omental gastrointestinal stromal tumor

Case  Age (yr)/sex Size (cm) Mitosis/  Risk group Cell type Mutation Follow up Outcome Ref.
No. 50HPF (mo)

1 73/F 4 3! Low Myxoid Ep Exon18 del D842V 4 NED [5]
2 52/M >20 4 High Ep Exon18 D842_H845del 13 NED 151
8 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

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

845 846 847 848 849
sequence

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.

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, occurting mainly in
stomach, and small and large intestine. They ate consid-
ered to be detived from the ICCs™, and the incidence of
the ];‘l)rirnary GIST lesion in the greater omentum is very
rare!"",

It has been reported that GIST in the mesentery and
greater omentum, structures which lack ICCs, ate de-
rived from mesenchymal cells that are less differentiated
than ICCs"". These may be ICC precursors straying into
the abdominal cavity'", or KIT-positive cells similar to
ICCs immediately below mesothelial cells in the greater
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omentum!"! 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 heterogeneousm’lsj. 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
receptorm’m. These gain-of-function mutations result in
constitutive KIT or PDGFRA activation without ligand
stimulation and are considered to be a cause of GISTs!"".
The respective oncoproteins exhibit constitutive tyro-
sine kinase activity and promote cell growth, and might
play a central role in GIST pathogenesislz’l&m. 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)™'%"*"#4 1n ad-
dition, Miettinen ef /" 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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case. Of the 21 cases available for molecular study, 17
cases (81%) had PDGIFRA 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 PDGFR.A mutation genotype,
and showed low mitotic activity and a relatively favorable
prognosis, despite a large tumor size"™. 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 PDGFR.A 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'"” 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'’. 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 zz vitro studies have demonstrated
that GISTs with a PDGFRA D842V substitution were
resistant to imatinib, but some populations of other
PDGFRA mutants were sensitive™” ), Todoroki ez a/”"
and Kim e¢f a/*" 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 PDGFR.A-mutation and clini-
copathologic factors or biologic behaviors.
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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
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tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
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Tables
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Notes in tables and illustrations
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als) in the upper left corner. In a multi-curve illustration, each curve
should be labeled with @, o, m, 0, A, A, e, in a certain sequence.
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