
intraductal high-intensity ultrasonography and chemo-
therapy-impregnated plastic biliary endoprosthesis are 
important steps in the palliative management of extra-
hepatic CCs. Radiofrequency and chemo-embolization 
methods are also applicable for intra-hepatic CCs as 
palliative modes of treatment. We need more prospec-
tive randomized controlled trials to evaluate the role of 
the new emerging therapies for CC patients.
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INTRODUCTION
Cholangiocarcinoma (CC) is a malignant epithelial tumor 
of  the biliary tree that accounts for approximately 10% 
to 15% of  all hepatobiliary malignancies. CC mostly 
arises from the extra-hepatic biliary tree (50%-60% 
hilar CC, “Klatskin” tumors), spreads slowly and 
infiltrates periductal tissues. Hilar lesions are further 
subdivided based on location as indicated by Bismuth-
Corlette classification (Figure 1). This form of  CC 
characteristically presents with signs of  ductal and 
vascular obliteration. Biliary tract sepsis, liver failure 
and/or cancer cachexia and malnutrition are the 
most important causes of  death associated with these 
tumors[1]. The intra-hepatic form of  CC appears as 
a mass lesion in the liver, which is mostly confused 
with metastatic tumor. These tumors usually progress 
insidiously, are difficult to diagnose and have grave 
prognosis. Unfortunately, the treatment alternatives are 
few. Effective surgery and other non-surgical treatment 
modalities for these patients with CC often fail due to 
characteristically late clinical presentation of  this tumor. 
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Abstract
Cholangiocarcinoma (CC) is a devastating cancer aris-
ing from biliary epithelia. Unfortunately, the incidence 
of this disease is increasing in Western countries. 
These tumors progress insidiously, and liver failure, 
biliary sepsis, malnutrition and cancer cachexia are 
general modes of death associated with this disease. 
To date, no established therapy for advanced dis-
ease has been established or validated. However, our 
knowledge in tumor biology is increasing dramatically 
and new drugs are under investigation for treatment 
of this notorious tumor. In clinical practice, there are 
better diagnostic tools in use to facilitate an earlier 
diagnosis of CC, at least in those patients with known 
risk factors. CC is resectable for cure in only a small 
percentage of patients. Preoperative staging for vas-
cular and biliary extension of CC is very important in 
this tumor. Laparoscopy and recently endosonography 
seem to protect against unnecessary laparotomies in 
these patients. During the last 15 years, aggressive 
surgical approaches, including combined liver resec-
tions and vascular reconstructive surgical expertise, 
have improved survival in patients with CC. Surgery is 
contraindicated in CC cases having primary sclerosing 
cholangitis (PSC). Although CC was previously consid-
ered a contraindication to liver transplantation, new 
cautious protocols, including neo-adjuvant chemora-
diation therapies and staging procedures before the 
transplantation, have made it possible to achieve long-
term survival after liver transplantation in this disease. 
New ablative therapies with photodynamic therapy, 
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Although our current understanding of  tumor biology 
has far exceeded our past knowledge, the overall survival 
(including the resected patients) over the past 30 years 
is poor, with less than 5% of  cases surviving for five 
years[1]. 

EPIDEMIOLOGY
Generally, CC is the second most common primary liver 
cancer after hepatocellular carcinoma (HCC) in most 
parts of  the world. However, in some populations where 
HCC is uncommon, such as in Danish women, the 
prevalence of  CC surpasses that of  HCC[2]. Presentation 
is usually in the seventh decade in patients with CC, and 
it demonstrates slight male preponderance[3,4]. Fortu-
nately, this tumor is a relatively rare kind of  malignancy. 
In autopsy series, its prevalence is reported as around 
0.01%-0.5%[5]. It represents 3% of  all gastrointestinal 
system (GIS) cancers[6]. Of  concern, some reports indi-
cate that the incidence and mortality of  intra-hepatic CC 
are increasing worldwide[7-9], while those of  extra-hepatic 
CC are decreasing[7,8,10]. However, the increase in intra-
hepatic CC is higher than the rate of  decline in extra-he-
patic CC. Whether this represents a real increase in this 
tumor or whether it can be attributed to better detection 
rates or changes in classification strategies is debatable. 
However, no increase has been noted in early stage or 
smaller-sized intra-hepatic CCs, perhaps indicating that 
these tumors are not better detected at present[11]. Thus, 
the underlying reason for the increasing incidence of  
intra-hepatic CC remains ambiguous.

RISK FACTORS AND PATHOPHYSIOLOGY
There are well-recognized risk factors for this tumor, 
such as congenital biliary anomalies, primary sclerosing 
cholangitis (PSC), hepatolithiasis, parasitic infections, 
chronic typhoid carriage, bile duct adenoma, biliary pap-
illomatosis, drug exposure and genetic risks[12,13]. Chronic 
biliary inflammation is the common denominator in 
these conditions. An inflammatory milieu is believed to 
dysregulate or change the expression patterns of  growth 
factors, pro-inflammatory cytokines and their receptors. 
Cytokines produced by cholangiocytes and activated 
macrophages can modulate gene expression and lead to 
activation of  carcinogen metabolism. For example, inter-
leukin (IL) -6 is a potent mitogen for cholangiocytes[14]. 
This cytokine can also induce nitric oxide (NO) synthase 
expression in cholangiocytes. NO can also directly injure 
the cellular DNA. Consumption of  cellular detoxifica-
tion and dysregulation of  DNA repair and apoptosis are 
final steps of  biliary carcinogenesis[5]. Bile acids also have 
been shown to activate inducible cyclo-oxygenase 2 and 
an anti-apoptotic molecule, myeloid cell leukemia pro-
tein 1 in cholangiocytes[15]. Thus, an inflammatory milieu 
and toxic bile constituents act together to promote carci-
nogenesis in the biliary tree. Histomorphological aspects 
in biliary carcinogenesis indicate that the intestinal meta-
plasia-dysplasia-carcinoma sequence can also be valid for 
CC[5].

Congenital biliary cysts and pancreaticobiliary mal-
function together have been obviously linked to biliary 
carcinogenesis, as both were present in 90% of  cases in 
a reported clinical series[16]. Mixture of  bile and pancre-
atic fluid due to impaired function of  the Oddi sphincter 
induces chronic inflammation in the biliary tree with 
possible activation of  carcinogenesis cascades.

PSC is one of  the most common causes of  CC in 
the Western world. As much as 42% of  patients with 
PSC were reported to have CC in autopsy series[17]. In-
terestingly, the duration of  PSC is not a risk factor for 
developing CC. Chronic inflammation and increased 
proliferation of  biliary epithelium, along with increased 
production of  endogenous mutagens in the bile, seemed 
to be related to carcinogenesis associated with PSC. 
Moreover, k-ras mutations were known to be common 
both in colon and biliary tree cancers in association with 
PSC[17].

Parasites such as Opisthorchis viverrini and Clonorchis 
sinensis have both direct strong carcinogenic effects and 
increase the susceptibility of  cholangiocytes to endog-
enous and exogenous carcinogens. This is via chronic 
irritation and increased cellular turnover[18].

Hepatolithiasis leads to chronic proliferative cholan-
gitis near to stone-bearing ducts and it has been reported 
in around 17.5% of  patients with CC in some East Asian 
countries[19]. 

Figure 1  Hilar lesions are further subdivided based on location as indicated 
by Bismuth-Corlette classification. A: Bismuth-Corlette classification of hilar 
CC. TypeⅠinvolves the common hepatic duct, distal to the bifurcation of the 
biliary tree. Type Ⅱ affects the bifurcation. Type Ⅲa affects the right hepatic duct 
in addition to the bifurcation. Type IIIb affects the left hepatic duct in addition to the 
bifurcation. Type Ⅳ involves the bifurcation and both right and left hepatic ducts 
or indicates multifocal CC; B: Endoscopic retrograde cholangiography reveals 
hilar cholangiocarcinoma (Klatskin type 2) in one of our cases.

A

B

ⅢaⅠ Ⅳ

ⅢbⅡ Ⅳ



Chronic typhoid carriage and chronic cholangitis are 
representatives of  chronic inflammatory conditions in 
the biliary tree and these conditions are accepted risk 
factors for developing CC. 

Environmental toxins such as dioxin, and vinyl chlo-
ride, are known to be responsible for some cases of  
CC[20,21]. Thorotrast, which was used as a radiocontrast 
agent in the 1930s, is a potent carcinogenic agent for 
CC[22]. Nitrosamines, either taken exogenously or with 
tobacco use, or endogenously by nitrosation of  nitrog-
enous compounds via NO, are potent carcinogens for 
biliary cancer[23,24].

Biliary papillomatosis, although a benign disease, has 
a moderately high malignant transformation rate[25]. Bile 
duct adenomas also carry appreciable risk for CC devel-
opment[26].

Genetic polymorphisms in CYP1A2 and glutathione-
S-transferase omega 1 and 2 have been related with this 
tumor[27]. These polymorphisms are believed to influence 
environmentally toxic substances, such as asbestos or 
dioxin.

A follow-up study of  more than 1000 patients indi-
cated late development of  CC after biliary enteric diver-
sion operations for benign biliary diseases[28,29]. 

Indeed, the majority of  CC cases do not have these 
classic risk factors. Recently, a report from the United 
States included chronic viral hepatitis, cirrhosis and alco-
hol use among the risk factors for development of  CC 
in elderly patients[30]. 

Obesity, moreover, was implicated as a risk factor for 
CC in a Korean study[1].

ROLE OF CLINICS AND LABORATORY 
TESTS IN DIAGNOSTIC EVALUATION
Extra-hepatic CC presents with classic signs of  cholesta-
sis including jaundice, dark urine, pale stools, pruritus, 
malaise and weight loss. Laboratory investigations reveal 
increased alkaline phosphatase, gamma-glutamyl trans-
peptidase and bilirubin. Prolonged obstruction of  the 
main bile ducts can cause increased prothrombin time 
and a reduction in fat soluble vitamins. As the disease 
advances further, albumin, hemoglobin and lactate dehy-
drogenase can decrease. A glycoprotein tumor marker, 
CA 19-9, can be found elevated in 85% of  such cases. 
A value of  > 100 U/mL in PSC patients has a sensitiv-
ity of  89% and specificity of  86% for the diagnosis of  
CC. CC should not be diagnosed only on the basis of  
elevated CA 19-9. However, in patients without PSC, the 
sensitivity of  CA 19-9 > 100 U/mL is 53%[31,32]. CEA 
is elevated in 30% of  cases, while CA 125 is elevated in 
40%-50% of  patients with CC. CEA and CA 125 are 
also non-specific markers. A high index of  suspicion is 
necessary to diagnose perihilar and extra-hepatic CCs 
because of  other possible alternatives, including benign 
strictures, metastatic lymph nodes and/or gall bladder 
cancer. This is also true for PSC patients having domi-
nant strictures. The confirmation of  CC in these patients 
is quite challenging. Nevertheless, recent advances, espe-
cially in cytodiagnostic techniques, have contributed to 

establishing a correct diagnosis in nearly 80% of  such 
cases.

Intra-hepatic CCs present mostly with non-specific 
symptoms, such as abdominal pain, weight loss, malaise 
and decreased appetite. Occasionally, an incidental ab-
dominal mass detected during physical examination or 
radiologic evaluation is the single finding. Mildly elevated 
alkaline phosphatase and normal bilirubin levels are no-
ticed on laboratory testing. CA 19-9 can also be found 
increased. These tumors are generally confused with 
metastatic adenocarcinomas. Indeed, a liver mass with 
adenocarcinoma histology, without an obvious primary 
source, should be seriously considered as intra-hepatic 
CC. A needle biopsy of  the dominant liver mass is a 
straightforward diagnostic approach in these patients. 
Exclusion of  another primary source can usually be ac-
complished by systemic physical examinations, chest 
X-ray, and tomography of  the abdomen and pelvis.

Ultrasound is usually the first choice during investi-
gation to visualize the location and extent of  disease. So-
nography can classify intra-hepatic CC as mass lesions. 
Contrast enhanced helical computerized tomography 
(CT) is very sensitive for detecting intra-hepatic CC larg-
er than 1 cm. CT can also locate the site of  obstruction 
and the presence of  lymphadenopathy[33,34]. CT angiogra-
phy can also detect vascular encasement[35]. Helical CT is 
only 60% correct in determining resectability. Although 
the experience with CT cholangiography is limited, this 
technique has been reported to be superior to con-
ventional spiral CT examination. Ninety-four percent 
diagnostic accuracy has been noted for the diagnosis of  
malignant biliary lesions with CT cholangiography[36]. 
Magnetic resonance imaging (MRI) with MR Cholan-
giopancreatography (MRCP) has mostly replaced CT in 
diagnosis and staging evaluation of  CC[37-39]. MR investi-
gations can detect the site and extent of  tumor involve-
ment in the absence of  PSC. MR angiography can show 
vascular involvement in these cases[40]. Thus, MRI studies 
have the advantage of  showing vascular anatomy, cross-
sectional imaging of  the liver and cholangiography with 
a single technique and may exemplify an optimal imaging 
technique for this disease. However, in one study, MR 
cholangiography was reported to under-stage malignant 
hilar strictures in as high as 20% of  patients[41]. Endo-
sonography (EUS) is the most recent addition to the list 
of  imaging modalities in diagnosis and staging of  CCs[42]. 
EUS-guided fine needle aspiration (FNA) of  hilar lymph 
nodes can be very important for staging procedure in 
CCs. EUS with FNA can diagnose Klatskin cases with 
89% diagnostic accuracy even in the presence of  nega-
tive brush cytology[43]. This technique does not induce 
contamination of  the biliary tree, which can easily occur 
with endoscopic retrograde cholangiography (ERC). 
However, the hazard with this technique has been indi-
cated as peritoneal tumor seeding[43]. Though a normal 
positron emission tomography (PET) scan with (18F)-
fluorodeoxyglucose (FDG) can not exclude cancer and 
false-positives are highly common due to inflammatory 
conditions, PET may be useful for detecting metastatic 
disease[44]. FDG-PET/CT combination in detecting 
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Klatskin tumors was highly recommended in such pa-
tients[45].

Other methods to depict the biliary tree are ERC and 
percutaneous transhepatic cholangiography. These tech-
niques allow visualization of  a very detailed topography 
of  the biliary tree. ERC is one of  the main tools in the 
diagnosis of  CCs. It can easily detect a stenosing tumor 
along the bile ducts. Unfortunately, both techniques 
carry a risk of  bacterial cholangitis, a rather common 
complication after ERC. Using these techniques, brush 
cytology can provide cell samples to analyze and diag-
nose the biliary tract malignancy. Unfortunately, brush 
cytology has been reported to carry a very low diagnos-
tic yield, ranging from 9%-24%. This was reported to be 
independent of  the quantity of  the specimen cellular-
ity[46]. New technologies, such as the use of  fluorescence 
in situ hybridization and digital image analysis methods, 
were reported to be more sensitive than the routine 
cytology. In one study, these technologies doubled the 
diagnostic accuracy of  brush cytology[47]. The combined 
use of  cholangioscopy improved the diagnostic yield of  
ERC for CCs. Cholangioscopy can detect the tumor ves-
sel and improve diagnostic potential of  direct cholangio-
graphic examination[48]. Intraductal ultrasonography has 
also been reported to increase diagnostic accuracy of  
direct cholangiography[49].
 
OTHER POSSIBLE DIAGNOSES
Most patients with hilar stenosis and jaundice have CC. 
On the other hand, 10%-15% of  cases had alternative 
diagnoses, including gall bladder carcinoma, Mirizzi 
syndrome and benign focal stenosis. The thickened and 
irregular gall bladder wall, infiltration to the right portal 
vein origin and liver segments 4 and 5, and occlusion 
of  the common hepatic and cystic ducts suggest the 
presence of  gall bladder cancer. Mirizzi syndrome re-
sults from periductal inflammation and fibrosis due to 
a large gall stone impacted at the neck of  the gall blad-
der. Benign focal strictures involving the hilar region 
are uncommon. Other causes of  the strictures affecting 
the whole biliary tree and benign in nature are postop-
erative strictures, chronic infectious cholangitis due to 
gall stones and flukes, ischemic cholangiopathy, chemo-
radiotherapy, vasculitis, human immunodeficiency 
virus cholangiopathy, infections such as tuberculosis 
and histoplasmosis, bile duct varices, papillary stenosis, 
and sphincter of  Oddi dysfunction[50]. These strictures, 
though benign in nature, can masquerade malignancy 
on ERC as they may give a “pseudocholangiocarcinoma 

sign”, which is sometimes difficult to differentiate from 
a true sign of  CC. This sign was first reported by some 
authors in a patient with bile duct varices due to portal 
vein thrombosis and portal cavernomatous transforma-
tion[51].

STAGING AND TREATMENT MODALiTIES
Resection and/or liver transplantation are the only 
curative options for CC. Accurate preoperative staging 
will determine the treatment approach in these patients. 
Although a pathologic staging system has been devel-
oped for ductal CC, it has a limited value in clinically 
assessing extra-hepatic CC. TNM classification does 
not correlate with resectability in patients with extra-
hepatic CC. Conversely, the Memorial Sloan-Kettering 
staging system evaluates the biliary and vascular in-
volvement of  these tumors and clearly correlates with 
resectability and survival (Table 1). Indeed, clinical 
staging has three important points in presurgical evalu-
ation of  these cases. The first is the determination of  
proximal and distal extent of  the disease. The second 
and third goals are to assess vascular involvement and 
the presence of  metastasis, which can be done by Dop-
pler ultrasound or MRI, CT and EUS examinations. 
FDG-PET scanning changes the surgical management 
in a third of  patients, with an overall sensitivity for 
metastasis in 65%. FDG-PET has high false positiv-
ity in PSC patients and patients with biliary stents[52]. 
Laparoscopy for staging improved overall accuracy in 
choosing the optimal management formula in these 
cases. In one study, laparoscopy prevented unnecessary 
laparotomies in 42% of  cases[53].

Surgery is the most suitable option for patients with 
intra-hepatic CC. With curative surgery, three-year survival 
rates have been reported to be approximately 40%-60%[54]. 
Surgery performed with curative intents is the best option 
for hilar and other extra-hepatic ductal CC cases without 
PSC. Surgery in patients with positive margins show no 
better results than with palliative therapies[54]. To obtain 
tumor-free margins, partial liver resections are often nec-
essary. The liver resection has a great impact on obtaining 
negative margins in patients undergoing a potentially cura-
tive resection for hilar CC (Table 2)[55-60]. A combined data 
from United States and European experiences proved that 
five-year survival is higher in patients undergoing liver re-
section than in those not[61]. An analysis of  recent surgical 
series indicated that five-year survival data is around 40% 
(Table 3)[62-66]. Most surgeons advocate caudate lobe resec-
tions, as the drainage of  hilar biliary structures is directly 

Table 1  Memorial Sloan Kettering T stage for hilar CC

Stage Criteria

T1 Tumor involving biliary confluence ± unilateral extension to second-order biliary radicals
T2 T1 ± ipsilateral portal vein involvement ± ipsilateral hepatic lobar atrophy
T3 Tumor involving biliary confluence + bilateral extension to second-order biliary radicals; or unilateral extension to second-order biliary radicals 

with contralateral portal vein involvement; or unilateral extension to second-order radicals with contralateral hepatic lobar atrophy; or main or 
bilateral portal vein involvement
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into the caudate lobe bile ducts. In cases with involvement 
of  the distal common bile duct, pancreatoduodenectomy 
is performed additionally to obtain negative margins. 
In patients with tumor-free margins after surgery, five-
year survival is around 20%-40% and operative mortality 
10%[54]. The presence of  one of  the following indicates 
unresectability: Bilateral involvement of  secondary biliary 
radicals, invasion of  the main portal vein proximal to its 
bifurcation, unilateral hepatic lobar atrophy together with 
invasion of  contralateral portal vein and/or contralateral 
secondary biliary radicals, and metastatic involvement of  
N2 lymph nodes, liver, lung or peritoneum. Indeed, the 
invasion of  the main portal vein may not be an absolute 
contraindication to surgery as surgeons can prefer to ex-
tend their surgical expertise by portal vein resection and 
its reconstruction in such cases. Though the significance 
of  biliary drainage before surgery is controversial, preop-
erative biliary drainage of  the obstructed lobe via percuta-
neous or endoscopic methods in hilar CCs is generally not 
indicated. Postoperative morbidity in such cases mostly 
arises from the introduction of  bacteria into the biliary 
tree via preoperatively placed stents. Usually, drainage of  
the contralateral lobe, free of  tumor, is preferred by most 
surgeons if  the involved liver lobe is to be resected and 
there is deep jaundice. Some authors have shown that lack 
of  intestinal bile delays liver regeneration associated with 
cyclin E-associated kinase inactivation after surgery[67].

In patients with PSC and CCs, surgery has the 
worst results. Five-year postoperative survival in these 
cases has been reported as low as 10%[17,68]. Postopera-
tive recurrent cholangitis attacks, intolerance of  partial 
hepatectomy, due to concomitant advanced fibrosis and 
high risks of  de nova CC elsewhere in the biliary tree, are 
the main obstacles precluding surgery in PSC cases with 
CCs[69,70]. Thus, liver transplantation can be an alternative 

option in these cases.
Previously, CC was considered a contraindication 

for liver transplantation. However, three centers from 
the United States reported long-term survival following 
liver transplantation[71-73]. The Mayo Clinic reports five-
year survival rates of  more than 80% for patients with 
TNM stage 1 and 2 disease after liver transplantation[72]. 
The liver transplant protocols in these cases include 
preoperative chemo-irradiation therapy and exploratory 
laparotomy. Thus, longer survival expectations for CC 
cases can be possible with these new fastidious liver 
transplantation protocols. A recent study compared 
two treatment modalities, liver transplantation with 
neoadjuvant protocols and resection surgery, in extra-
hepatic CC cases. Five-year survival rates were 82% for 
38 patients who underwent liver transplantation and 
21% for 26 cases who were resected[74]. Adjuvant treat-
ment modalities such as external beam and intraluminal 
radiation therapies showed no benefit in two separate 
reports from Johns Hopkins[75,76]. There is currently no 
role for adjuvant chemotherapy. However, another study 
revealed positive effects of  radiation therapy on survival 
in histologically positive tumor margin[76]. Similarly, one 
study demonstrated higher resectability in patients given 
neoadjuvant radiation therapy before exploration[76]. 
However, these studies were non-randomized and most 
consisted of  small patient groups.

In patients with unresectable disease, the initial ap-
proach is to provide the patient with supportive care 
and, if  necessary, to plan some form of  biliary drainage. 
Palliative therapies provide less than 18 mo of  survival. 
Intractable pruritus, cholangitis, and need for intralumi-
nal radiotherapy and chemotherapy make it necessary to 
decompress the biliary tree. The patients with unresect-
able hilar tumors may not be suitable for an endoscopic 
approach, due to high failure rates and subsequent chol-
angitis with this technique. However, there are new metal 
stent designs for the biliary tree that can provide high 
success rates of  endoscopic insertion without complica-
tions. For example, a newly designed Y-shaped metal 
stent with central wide-open mesh provided 80% techni-
cal success in bilateral stent insertion for advanced hilar 
CCs[77]. Percutaneous biliary drainage and subsequent 
placement of  a self-expandable metallic stent can also 
be easily and successfully applied in patients with hilar 
tumors. The patency rates of  metallic endoprosthesis 
at the hilus is approximately 6 mo, which is significantly 
lower than that reported for similar stents placed in the 

Table 2  Summary of some studies indicating potential influence of liver resection on 
tumor margin-negative resections and 5-year survival data on hilar CC (1986-1999)

Resection Liver 

resection

Operative 

mortality

Margin- 

(%)

    5-yr survival

   Margin-       Margin+

Kosuge et al 1999[55]   65 80   9 52 56 13
Burke et al 1998[56]   30 73   6 83 40   0
Miyazaka et al 1998[57]   76 86 13 71 26   0
Nagino et al 1998[58] 138 90   9 76 21   -
Klempnauer et al 1996[59] 151 78 10 76 31   5
Nimura et al 1986[60] 100 91 10 55 35   0

Table 3  Summary of some recent studies indicating 1-, 3- and 
5-yr survival data on margin-negative tumor resections of hilar 
CC (2000-2005)

Resections 1-yr survival 3-yr survival 5-yr survival
(margin-) (margin-) (margin-)

Jarnagin et al 2005[65]   25 100 80 45
  81   85 45 30

Silva et al 2005[64]   19   83 58 41
Kondo et al 2004[63]   - - 40
Neuhaus et al 2003[62] 133   70 42 36
Tsao et al 2000[66]   25   - - 43
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distal bile duct. A small pilot study investigated the role 
of  a new percutaneous drainage tube coated with car-
boplatin[78]. The carboplatin-coated tube continuously 
released a fixed amount of  carboplatin for 4 wk in five 
patients. Partial response was reported in three (60%) of  
the cases. Operative segment Ⅲ bypass provides excel-
lent biliary drainage and is less prone to occlusion than 
metal stents. In one study, the one-year patency of  seg-
ment 3 bypass was reported to be 80%[79].

Palliative external radiation therapy and percutane-
ous intraluminal iridium-192 for patients with unresect-
able locally advanced tumors, but without evidence of  
widespread disease, did not improve survival compared 
with biliary decompression[75,80-84]. In a group of  12 pa-
tients treated with this regimen, the median survival was 
around 14.5 mo[80]. Another report indicated improved 
survival in irradiated compared to non-irradiated pa-
tients. However, both groups had less than one-year sur-
vival[75]. A group of  authors reported a beneficial effect 
of  radiotherapy only in patients with aneuploid Klatskin 
tumors[85]. Radiation therapy is clearly not indicated in 
widespread disease. Successful ablation of  intra-hepatic 
CC cases with radiofrequency ablative therapy was re-
ported previously[86]. Photodynamic therapy is another 
palliative approach. This therapy is accomplished by the 
systemic administration of  a photosensitizer that ac-
cumulates in the malignant cells. Red laser light-induced 
photoactivation at the time of  ERC destroys the malig-
nant cells. This therapy facilitates biliary decompression, 
and pilot studies have suggested a survival benefit and 
improvement in cholestasis, performance status and 
quality of  life with this approach[87-90]. Another palliative 
treatment option is endoscopic administration of  high-
intensity ultrasound to induce coagulative necrosis of  
tumoral tissue. Local tumor destruction, with a high-in-
tensity ultrasound probe during ERC, has been reported 
to induce complete regression of  extra-hepatic CC in 
a pilot study[91]. For mass-forming tumors, transarte-
rial chemoembolization or radiofrequency ablation may 
be useful. However, these therapies have been tested 
in small patient groups. Results with chemotherapy ap-
pear to be disappointing. Gemcitabine appears to be the 
most effective single agent[92]. Systemic chemotherapy 
combined with regional chemoembolization was proven 
feasible in a small group of  patients[93]. New promising 
drugs are under investigation for their anti-tumoral ef-
fects on CCs. A very recent in vitro study clearly indicated 
a high apoptotic effect of  proteasome inhibitors on CC 
cell lines[94].

CONCLUSION
CC is a devastating tumor with a high mortality rate. Its 
incidence is increasing and there is no new proven medi-
cal treatment modality. It is notorious as being difficult 
to diagnose as well as treat. Strategies are needed to 
detect these tumors at an early stage to apply radical cu-
rative therapy modalities. EUS-guided FNA is the most 
promising approach in this respect. Liver transplantation 
protocols must be supported, as necessitated by the re-

cent reports of  success using these protocols. Investiga-
tions of  neoadjuvant and adjuvant treatment alternatives 
should continue and new in vitro effective anti-tumoral 
agents should be investigated in in vivo studies.

REFERENCES
1	 Oh SW, Yoon YS, Shin SA. Effects of excess weight on 

cancer incidences depending on cancer sites and histologic 
findings among men: Korea National Health Insurance 
Corporation Study. J Clin Oncol 2005; 23: 4742-4754

2	 Parkin DM, Muir CS, Whelan SL, Gao YT, Ferlay S, Powel 
J, editors. Cancer Incidence in Five Continents. Lyon: 
International Agency for Research on Cancer, 1992

3	 Shaib Y, El-Serag HB. The epidemiology of cholangio-
carcinoma. Semin Liver Dis 2004; 24: 115-125

4	 Thompson R, Strautnieks S. BSEP: function and role in 
progressive familial intrahepatic cholestasis. Semin Liver Dis 
2001; 21: 545-550

5	 Holzinger F, Z‘graggen K, Buchler MW. Mechanisms of 
biliary carcinogenesis: a pathogenetic multi-stage cascade 
towards cholangiocarcinoma. Ann Oncol 1999; 10 Suppl 4: 
122-126

6	 Vauthey JN ,  Blumgart LH. Recent advances in the 
management of cholangiocarcinoma. Semin Liver Dis 1994; 
14: 109-114

7	 Khan SA, Taylor-Robinson SD, Toledano MB, Beck A, 
Elliott P, Thomas HC. Changing international trends in 
mortality rates for liver, biliary and pancreatic tumours. J 
Hepatol 2002; 37: 806-813

8	 Patel T. Worldwide trends in mortality from biliary tract 
malignancies. BMC Cancer 2002; 2: 10

9	 Taylor-Robinson SD, Toledano MB, Arora S, Keegan 
TJ, Hargreaves S, Beck A, Khan SA, Elliott P, Thomas 
HC. Increase in mortality rates from intrahepatic 
cholangiocarcinoma in England and Wales 1968-1998. Gut 
2001; 48: 816-820

10	 Patel T. Increasing incidence and mortality of primary 
intrahepatic cholangiocarcinoma in the United States. 
Hepatology 2001; 33: 1353-1357

11	 Shaib YH, Davila JA, McGlynn K, El-Serag HB. Rising 
incidence of intrahepatic cholangiocarcinoma in the United 
States: a true increase? J Hepatol 2004; 40: 472-477

12	 L a z a r i d i s  K N ,  G o r e s  G J .  C h o l a n g i o c a r c i n o m a . 
Gastroenterology 2005; 128: 1655-1667

13	 Khan SA, Thomas HC, Davidson BR, Taylor-Robinson SD. 
Cholangiocarcinoma. Lancet 2005; 366: 1303-1314

14	 Goydos JS, Brumfield AM, Frezza E, Booth A, Lotze MT, 
Carty SE. Marked elevation of serum interleukin-6 in 
patients with cholangiocarcinoma: validation of utility as a 
clinical marker. Ann Surg 1998; 227: 398-404

15	 Yoon JH ,  Werneburg NW, Higuchi H, Canbay AE, 
Kaufmann SH, Akgul C, Edwards SW, Gores GJ. Bile acids 
inhibit Mcl-1 protein turnover via an epidermal growth 
factor receptor/Raf-1-dependent mechanism. Cancer Res 
2002; 62: 6500-6505

16	 Iwai N, Yanagihara J, Tokiwa K, Shimotake T, Nakamura 
K. Congenital choledochal dilatation with emphasis on 
pathophysiology of the biliary tract. Ann Surg 1992; 215: 
27-30

17	 R o s e n  C B ,  N a g o r n e y  D M .  C h o l a n g i o c a r c i n o m a 
complicating primary sclerosing cholangitis. Semin Liver Dis 
1991; 11: 26-30

18	 Thamavit W, Tiwawech D, Moore MA, Ito N, Shirai T. 
Equivocal evidence of complete carcinogenicity after 
repeated infection of Syrian hamsters with Opisthorchis 
viverrini. Toxicol Pathol 1996; 24: 493-497

19	 Sugihara S, Kojiro M. Pathology of cholangiocarcinoma. In: 
Okuda K, Ishak KG, editors. Neoplasms of the Liver. Tokyo: 
Springer, 1987: l43

20	 Walker NJ, Crockett PW, Nyska A, Brix AE, Jokinen 

Ustundag Y et al . Cholangiocarcinoma			   		                                           6463

www.wjgnet.com



MP, Sells DM, Hailey JR, Easterling M, Haseman JK, 
Yin M, Wyde ME, Bucher JR, Portier CJ. Dose-additive 
carcinogenicity of a defined mixture of "dioxin-like 
compounds". Environ Health Perspect 2005; 113: 43-48

21	 Bond GG, McLaren EA, Sabel FL, Bodner KM, Lipps TE, 
Cook RR. Liver and biliary tract cancer among chemical 
workers. Am J Ind Med 1990; 18: 19-24

22	 Rubel LR, Ishak KG. Thorotrast-associated cholangioca-
rcinoma: an epidemiologic and clinicopathologic study. 
Cancer 1982; 50: 1408-1415

23	 Ishimura N, Bronk SF, Gores GJ. Inducible nitric oxide 
synthase upregulates cyclooxygenase-2 in mouse 
cholangiocytes promoting cell growth. Am J Physiol 
Gastrointest Liver Physiol 2004; 287: G88-G95

24	 Jaiswal M, LaRusso NF, Burgart LJ, Gores GJ. Inflammatory 
cytokines induce DNA damage and inhibit DNA repair 
in cholangiocarcinoma cells by a nitric oxide-dependent 
mechanism. Cancer Res 2000; 60: 184-190

25	 Cox H, Ma M, Bridges R, Debru E, Bathe O, Sutherland F, 
Dixon E. Well differentiated intrahepatic cholangiocarcinoma 
in the setting of biliary papillomatosis: a case report and 
review of the literature. Can J Gastroenterol 2005; 19: 731-733

26	 Fairchild R, Reese J, Solomon H, Garvin P, Esterl R. Biliary 
cystadenoma: a case report and review of the literature. Mo 
Med 1993; 90: 656-657

27	 Prawan A ,  Kukongviriyapan V, Tassaneeyakul W, 
Pairojkul C, Bhudhisawasdi V. Association between genetic 
polymorphisms of CYP1A2, arylamine N-acetyltransferase 1 
and 2 and susceptibility to cholangiocarcinoma. Eur J Cancer 
Prev 2005; 14: 245-250

28	 Tocchi A, Mazzoni G, Liotta G, Lepre L, Cassini D, Miccini 
M. Late development of bile duct cancer in patients who 
had biliary-enteric drainage for benign disease: a follow-
up study of more than 1,000 patients. Ann Surg 2001; 234: 
210-214

29	 Bettschart V, Clayton RA, Parks RW, Garden OJ, Bellamy 
CO. Cholangiocarcinoma arising after biliary-enteric 
drainage procedures for benign disease. Gut 2002; 51: 
128-129

30	 Carriaga MT, Henson DE. Liver, gallbladder, extrahepatic 
bile ducts, and pancreas. Cancer 1995; 75: 171-190

31	 Nichols JC, Gores GJ, LaRusso NF, Wiesner RH, Nagorney 
DM, Ritts RE Jr. Diagnostic role of serum CA 19-9 for 
cholangiocarcinoma in patients with primary sclerosing 
cholangitis. Mayo Clin Proc 1993; 68: 874-879

32	 Patel AH, Harnois DM, Klee GG, LaRusso NF, Gores 
GJ. The utility of CA 19-9 in the diagnoses of cholangio-
carcinoma in patients without primary sclerosing 
cholangitis. Am J Gastroenterol 2000; 95: 204-207

33	 Teefey SA, Baron RL, Rohrmann CA, Shuman WP, Freeny 
PC. Sclerosing cholangitis: CT findings. Radiology 1988; 169: 
635-639

34	 Zhang Y, Uchida M, Abe T, Nishimura H, Hayabuchi N, 
Nakashima Y. Intrahepatic peripheral cholangiocarcinoma: 
comparison of dynamic CT and dynamic MRI. J Comput 
Assist Tomogr 1999; 23: 670-677

35	 Tillich M, Mischinger HJ, Preisegger KH, Rabl H, Szolar 
DH. Multiphasic helical CT in diagnosis and staging of hilar 
cholangiocarcinoma. AJR Am J Roentgenol 1998; 171: 651-658

36	 Ahmetoglu A, Kosucu P, Kul S, Dinc H, Sari A, Arslan 
M, Alhan E, Gumele HR. MDCT cholangiography with 
volume rendering for the assessment of patients with biliary 
obstruction. AJR Am J Roentgenol 2004; 183: 1327-1332

37	 Angulo P, Pearce DH, Johnson CD, Henry JJ, LaRusso 
NF, Petersen BT,  Lindor KD. Magnetic  resonance 
cholangiography in patients with biliary disease: its role in 
primary sclerosing cholangitis. J Hepatol 2000; 33: 520-527

38	 Oberholzer K, Lohse AW, Mildenberger P, Grebe P, 
Schadeck T, Bantelmann M, Thelen M. [Diagnosis of 
primary sclerosing cholangitis: prospective comparison 
of MR cholangiography with endoscopic retrograde 
cholangiography] Rofo 1998; 169: 622-626

39	 Textor HJ,  Flacke S, Pauleit D, Keller E, Neubrand 
M, Terjung B, Gieseke J, Scheurlen C, Sauerbruch T, 
Schild HH. Three-dimensional magnetic resonance 
cholangiopancreatography with respiratory triggering in 
the diagnosis of primary sclerosing cholangitis: comparison 
with endoscopic retrograde cholangiography. Endoscopy 
2002; 34: 984-990

40	 Lee MG, Park KB, Shin YM, Yoon HK, Sung KB, Kim 
MH, Lee SG, Kang EM. Preoperative evaluation of hilar 
cholangiocarcinoma with contrast-enhanced three-
dimensional fast imaging with steady-state precession 
magnetic resonance angiography: comparison with 
intraarterial digital subtraction angiography. World J Surg 
2003; 27: 278-283

41	 Zidi SH, Prat F, Le Guen O, Rondeau Y, Pelletier G. 
Performance characteristics of magnetic resonance 
cholangiography in the staging of malignant hilar strictures. 
Gut 2000; 46: 103-106

42	 Fritscher-Ravens A, Broering DC, Sriram PV, Topalidis T, 
Jaeckle S, Thonke F, Soehendra N. EUS-guided fine-needle 
aspiration cytodiagnosis of hilar cholangiocarcinoma: a case 
series. Gastrointest Endosc 2000; 52: 534-540

43	 Fritscher-Ravens A, Broering DC, Knoefel WT, Rogiers X, 
Swain P, Thonke F, Bobrowski C, Topalidis T, Soehendra 
N. EUS-guided fine-needle aspiration of suspected hilar 
cholangiocarcinoma in potentially operable patients with 
negative brush cytology. Am J Gastroenterol 2004; 99: 45-51

44	 Fritscher-Ravens A, Bohuslavizki KH, Broering DC, Jenicke 
L, Schafer H, Buchert R, Rogiers X, Clausen M. FDG PET 
in the diagnosis of hilar cholangiocarcinoma. Nucl Med 
Commun 2001; 22: 1277-1285

45	 Reinhardt MJ, Strunk H, Gerhardt T, Roedel R, Jaeger 
U, Bucerius J, Sauerbruch T, Biersack HJ, Dumoulin FL. 
Detection of Klatskin's tumor in extrahepatic bile duct 
strictures using delayed 18F-FDG PET/CT: preliminary 
results for 22 patient studies. J Nucl Med 2005; 46: 1158-1163

46	 Baron TH, Harewood GC, Rumalla A, Pochron NL, 
Stadheim LM, Gores GJ, Therneau TM, De Groen PC, 
Sebo TJ, Salomao DR, Kipp BR. A prospective comparison 
of digital image analysis and routine cytology for the 
identification of malignancy in biliary tract strictures. Clin 
Gastroenterol Hepatol 2004; 2: 214-219

47	 Rumalla A, Baron TH, Leontovich O, Burgart LJ, Yacavone 
RF, Therneau TM, de Groen PC, Sebo TJ. Improved 
diagnostic yield of endoscopic biliary brush cytology by 
digital image analysis. Mayo Clin Proc 2001; 76: 29-33

48	 Kim HJ, Kim MH, Lee SK, Yoo KS, Seo DW, Min YI. Tumor 
vessel: a valuable cholangioscopic clue of malignant biliary 
stricture. Gastrointest Endosc 2000; 52: 635-638

49	 Domagk D, Wessling J, Reimer P, Hertel L, Poremba 
C, Senninger N, Heinecke A, Domschke W, Menzel 
J. Endoscopic retrograde cholangiopancreatography, 
intraductal ultrasonography, and magnetic resonance chola-
ngiopancreatography in bile duct strictures: a prospective 
comparison of imaging diagnostics with histopathological 
correlation. Am J Gastroenterol 2004; 99: 1684-1689

50	 Judah JR, Draganov PV. Endoscopic therapy of benign 
biliary strictures. World J Gastroenterol 2007; 13: 3531-3539

51	 Bayraktar Y, Balkanci F, Ozenc A, Arslan S, Koseoglu T, 
Ozdemir A, Uzunalimoglu B, Telatar H, Gurakar A, Van 
Thiel DH. The "pseudo-cholangiocarcinoma sign" in patients 
with cavernous transformation of the portal vein and its 
effect on the serum alkaline phosphatase and bilirubin 
levels. Am J Gastroenterol 1995; 90: 2015-2019

52	 A n d e r s o n  C D ,  R i c e  M H ,  P i n s o n  C W ,  C h a p m a n 
WC, Chari RS, Delbeke D. Fluorodeoxyglucose PET 
imaging in the evaluation of gallbladder carcinoma and 
cholangiocarcinoma. J Gastrointest Surg 2004; 8: 90-97

53	 Connor S, Barron E, Wigmore SJ, Madhavan KK, Parks RW, 
Garden OJ. The utility of laparoscopic assessment in the 
preoperative staging of suspected hilar cholangiocarcinoma. 
J Gastrointest Surg 2005; 9: 476-480

6464    ISSN 1007-9327     CN 14-1219/R    World J Gastroenterol    November 14, 2008    Volume 14    Number 42

www.wjgnet.com



H. Cholangiocarcinoma in patients with primary sclerosing 
cholangitis: a multicenter case-control study. Hepatology 
2000; 31: 7-11

71	 Sudan D, DeRoover A, Chinnakotla S, Fox I, Shaw B 
Jr, McCashland T, Sorrell M, Tempero M, Langnas A. 
Radiochemotherapy and transplantation allow long-term 
survival for nonresectable hilar cholangiocarcinoma. Am J 
Transplant 2002; 2: 774-779

72	 De Vreede I, Steers JL, Burch PA, Rosen CB, Gunderson LL, 
Haddock MG, Burgart L, Gores GJ. Prolonged disease-free 
survival after orthotopic liver transplantation plus adjuvant 
chemoirradiation for cholangiocarcinoma. Liver Transpl 
2000; 6: 309-316

73	 Shimoda M, Farmer DG, Colquhoun SD, Rosove M, 
Ghobrial RM, Yersiz H, Chen P, Busuttil RW. Liver 
transplantation for cholangiocellular carcinoma: analysis of 
a single-center experience and review of the literature. Liver 
Transpl 2001; 7: 1023-1033

74	 Rea DJ, Heimbach JK, Rosen CB, Haddock MG, Alberts 
SR,  Kremers WK, Gores GJ,  Nagorney DM. Liver 
transplantation with neoadjuvant chemoradiation is more 
effective than resection for hilar cholangiocarcinoma. Ann 
Surg 2005; 242: 451-458; discussion 458-461

75	 Cameron JL, Pitt HA, Zinner MJ, Kaufman SL, Coleman J. 
Management of proximal cholangiocarcinomas by surgical 
resection and radiotherapy. Am J Surg 1990; 159: 91-97; 
discussion 97-98

76	 Pitt HA, Nakeeb A, Abrams RA, Coleman J, Piantadosi S, Yeo 
CJ, Lillemore KD, Cameron JL. Perihilar cholangiocarcinoma. 
Postoperative radiotherapy does not improve survival. Ann 
Surg 1995; 221: 788-797; discussion 797-798

77	 Lee JH, Kang DH, Kim JY, Lee SM, Kim do H, Park CW, Cho 
HS, Kim GH, Kim TO, Heo J, Song GA, Cho M, Kim S, Kim 
CW, Lee JW. Endoscopic bilateral metal stent placement for 
advanced hilar cholangiocarcinoma: a pilot study of a newly 
designed Y stent. Gastrointest Endosc 2007; 66: 364-369

78	 Mezawa S, Homma H, Sato T, Doi T, Miyanishi K, Takada 
K, Kukitsu T, Murase K, Yoshizaki N, Takahashi M, 
Sakamaki S, Niitsu Y. A study of carboplatin-coated tube 
for the unresectable cholangiocarcinoma. Hepatology 2000; 
32: 916-923

79	 Jarnagin WR, Burke E, Powers C, Fong Y, Blumgart LH. 
Intrahepatic biliary enteric bypass provides effective 
palliation in selected patients with malignant obstruction at 
the hepatic duct confluence. Am J Surg 1998; 175: 453-460

80	 Kuvshinoff BW, Armstrong JG, Fong Y, Schupak K, 
Getradjman G, Heffernan N, Blumgart LH. Palliation of 
irresectable hilar cholangiocarcinoma with biliary drainage 
and radiotherapy. Br J Surg 1995; 82: 1522-1525

81	 Bowling TE, Galbraith SM, Hatfield AR, Solano J, Spittle 
MF. A retrospective comparison of endoscopic stenting 
alone with stenting and radiotherapy in non-resectable 
cholangiocarcinoma. Gut 1996; 39: 852-855

82	 Vallis KA, Benjamin IS, Munro AJ, Adam A, Foster CS, 
Williamson RC, Kerr GR, Price P. External beam and 
intraluminal radiotherapy for locally advanced bile duct 
cancer: role and tolerability. Radiother Oncol 1996; 41: 61-66

83	 Vatanasapt V, Uttaravichien T, Mairiang EO, Pairojkul C, 
Chartbanchachai W, Haswell-Elkins M. Cholangiocarcinoma 
in north-east Thailand. Lancet 1990; 335: 116-117

84	 Nagano H, Sasaki Y, Imaoka S, Masutani S, Ohashi I, 
Ishikawa O, Oohigashi H, Yasuda T, Furukawa H, Fukuda 
I. [Intraarterial and intraportal chemotherapy combined 
with decollateralization for cholangiocellular carcinoma 
and metastatic liver cancer] Gan To Kagaku Ryoho 1990; 17: 
1758-1762

85	 Sato Y, van Gulik TM, Bosma A, Lygidakis NJ, Koyama K, 
van der Heyde MN. Prognostic significance of tumor DNA 
content in carcinoma of the hepatic duct confluence. Surgery 
1994; 115: 488-494

86	 Zgodzinski W, Espat NJ. Radiofrequency ablation for 
incidentally identified primary intrahepatic cholangio-

54	 Jarnagin WR, Fong Y, DeMatteo RP, Gonen M, Burke EC, 
Bodniewicz BS J, Youssef BA M, Klimstra D, Blumgart LH. 
Staging, resectability, and outcome in 225 patients with hilar 
cholangiocarcinoma. Ann Surg 2001; 234: 507-517; discussion 
517-519

55	 Kosuge T, Yamamoto J, Shimada K, Yamasaki S, Makuuchi 
M. Improved surgical results for hilar cholangiocarcinoma 
with procedures including major hepatic resection. Ann 
Surg 1999; 230: 663-671

56	 Burke EC, Jarnagin WR, Hochwald SN, Pisters PW, Fong 
Y, Blumgart LH. Hilar Cholangiocarcinoma: patterns of 
spread, the importance of hepatic resection for curative 
operation, and a presurgical clinical staging system. Ann 
Surg 1998; 228: 385-394

57	 Miyazaki M, Ito H, Nakagawa K, Ambiru S, Shimizu H, 
Shimizu Y, Kato A, Nakamura S, Omoto H, Nakajima N, 
Kimura F, Suwa T. Aggressive surgical approaches to hilar 
cholangiocarcinoma: hepatic or local resection? Surgery 
1998; 123: 131-136

58	 Nagino M ,  Nimura Y, Kamiya J,  Kanai M, Uesaka 
K, Hayakawa N, Yamamoto H, Kondo S, Nishio H. 
Segmental liver resections for hilar cholangiocarcinoma. 
Hepatogastroenterology 1998; 45: 7-13

59	 Klempnauer J ,  Ridder GJ, Werner M, Weimann A, 
Pichlmayr R. What constitutes long-term survival after 
surgery for hilar cholangiocarcinoma? Cancer 1997; 79: 26-34

60	 Nimura Y, Hayakawa N, Kamiya J, Kondo S, Shionoya S. 
Hepatic segmentectomy with caudate lobe resection for bile 
duct carcinoma of the hepatic hilus. World J Surg 1990; 14: 
535-543; discussion 544

61	 S a l d i n g e r  P F ,  B l u m g a r t  L H .  R e s e c t i o n  o f  h i l a r 
cholangiocarcinoma--a European and United States 
experience. J Hepatobiliary Pancreat Surg 2000; 7: 111-114

62	 Neuhaus P, Jonas S, Settmacher U, Thelen A, Benckert C, 
Lopez-Hanninen E, Hintze RE. Surgical management of 
proximal bile duct cancer: extended right lobe resection 
increases resectability and radicality. Langenbecks Arch Surg 
2003; 388: 194-200

63	 Kondo S, Hirano S, Ambo Y, Tanaka E, Okushiba S, 
Morikawa T, Katoh H. Forty consecutive resections of hilar 
cholangiocarcinoma with no postoperative mortality and no 
positive ductal margins: results of a prospective study. Ann 
Surg 2004; 240: 95-101

64	 Silva MA, Tekin K, Aytekin F, Bramhall SR, Buckels JA, 
Mirza DF. Surgery for hilar cholangiocarcinoma; a 10 year 
experience of a tertiary referral centre in the UK. Eur J Surg 
Oncol 2005; 31: 533-539

65	 Jarnagin WR, Bowne W, Klimstra DS, Ben-Porat L, Roggin 
K, Cymes K, Fong Y, DeMatteo RP, D'Angelica M, Koea 
J, Blumgart LH. Papillary phenotype confers improved 
survival after resection of hilar cholangiocarcinoma. Ann 
Surg 2005; 241: 703-712; discussion 712-714

66	 Tsao JI ,  Nimura Y, Kamiya J, Hayakawa N, Kondo 
S, Nagino M, Miyachi M, Kanai M, Uesaka K, Oda K, 
Rossi RL, Braasch JW, Dugan JM. Management of hilar 
cholangiocarcinoma: comparison of an American and a 
Japanese experience. Ann Surg 2000; 232: 166-174

67	 Ueda J, Chijiiwa K, Nakano K, Zhao G, Tanaka M. Lack of 
intestinal bile results in delayed liver regeneration of normal 
rat liver after hepatectomy accompanied by impaired cyclin 
E-associated kinase activity. Surgery 2002; 131: 564-573

68	 Boberg KM, Bergquist A, Mitchell S, Pares A, Rosina F, 
Broome U, Chapman R, Fausa O, Egeland T, Rocca G, 
Schrumpf E. Cholangiocarcinoma in primary sclerosing 
cholangitis: risk factors and clinical presentation. Scand J 
Gastroenterol 2002; 37: 1205-1211

69	 Fleming KA, Boberg KM, Glaumann H, Bergquist A, 
Smith D, Clausen OP. Biliary dysplasia as a marker of 
cholangiocarcinoma in primary sclerosing cholangitis. J 
Hepatol 2001; 34: 360-365

70	 Chalasani N, Baluyut A, Ismail A, Zaman A, Sood G, Ghalib 
R, McCashland TM, Reddy KR, Zervos X, Anbari MA, Hoen 

Ustundag Y et al . Cholangiocarcinoma			   		                                           6465

www.wjgnet.com



carcinoma. World J Gastroenterol 2005; 11: 5239-5240
87	 Wiedmann M, Berr F, Schiefke I, Witzigmann H, Kohlhaw 

K, Mossner J, Caca K. Photodynamic therapy in patients 
with non-resectable hilar cholangiocarcinoma: 5-year 
follow-up of a prospective phase II study. Gastrointest 
Endosc 2004; 60: 68-75

88	 Rumalla A, Baron TH, Wang KK, Gores GJ, Stadheim LM, de 
Groen PC. Endoscopic application of photodynamic therapy 
for cholangiocarcinoma. Gastrointest Endosc 2001; 53: 500-504

89	 Ortner MA, Liebetruth J, Schreiber S, Hanft M, Wruck U, 
Fusco V, Muller JM, Hortnagl H, Lochs H. Photodynamic 
therapy of nonresectable cholangiocarcinoma. Gastroenter-
ology 1998; 114: 536-542

90	 Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni 
R, Burroughs AK, Christensen E, Pagliaro L, Colombo M, 
Rodes J. Clinical management of hepatocellular carcinoma. 
Conclusions of the Barcelona-2000 EASL conference. 
European Association for the Study of the Liver. J Hepatol 
2001; 35: 421-430

91	 Prat F, Lafon C, De Lima DM, Theilliere Y, Fritsch J, 
Pelletier G, Buffet C, Cathignol D. Endoscopic treatment of 
cholangiocarcinoma and carcinoma of the duodenal papilla 
by intraductal high-intensity US: Results of a pilot study. 
Gastrointest Endosc 2002; 56: 909-915

92	 Kubicka S, Rudolph KL, Tietze MK, Lorenz M, Manns 
M. Phase II study of systemic gemcitabine chemotherapy 
for advanced unresectable hepatobiliary carcinomas. 
Hepatogastroenterology 2001; 48: 783-789

93	 Kirchhoff T, Zender L, Merkesdal S, Frericks B, Malek N, 
Bleck J, Kubicka S, Baus S, Chavan A, Manns MP, Galanski 
M. Initial experience from a combination of systemic and 
regional chemotherapy in the treatment of patients with 
nonresectable cholangiocellular carcinoma in the liver. 
World J Gastroenterol 2005; 11: 1091-1095

94	 Ustundag Y, Bronk SF, Gores GJ. Proteasome inhibition-
induces endoplasmic reticulum dysfunction and cell death 
of human cholangiocarcinoma cells. World J Gastroenterol 
2007; 13: 851-857

S- Editor  Li DL    L- Editor  Alpini GD    E- Editor  Ma WH

6466    ISSN 1007-9327     CN 14-1219/R    World J Gastroenterol    November 14, 2008    Volume 14    Number 42

www.wjgnet.com


