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Abstract

Background—Cholangiocarcinoma is the most common primary tumor of the biliary tract 

although it accounts for only 2 % of all human malignancies. We herein review hilar 

cholangiocarcinoma including its risk factors, the main classification systems for tumors, current 

surgical management of the disease, and the role chemotherapy and liver transplantation may play 

in selected patients.

Methods—We performed a comprehensive literature search using PubMed, Medline, and the 

Cochrane library for the period 1980–2015 using the following MeSH terms: “hilar 

cholangiocarcinoma”, “biliary cancer”, and “cholangiocarcinoma”. Only recent studies that were 

published in English and in peer reviewed journals were included.

Findings—Hilar cholangiocarcinoma is a disease of advanced age with an unclear etiology, most 

frequently found in Southeast Asia and relatively rare in Western countries. The best chance of 

long-term survival and potential cure is surgical resection with negative surgical margins, but 

many patients are unresectable due to locally advanced or metastatic disease at diagnosis. As a 

result of recent efforts, new methods of management have been identified for these patients, 

including preoperative portal vein embolism and biliary drainage, neoadjuvant chemotherapy with 

subsequent transplantation, and chemoradiation therapy.

Conclusion—Current management of hilar cholangiocarcinoma depends on extent of the tumor 

at presentation and includes surgical resection, liver transplantation, portal vein embolization, and 

chemoradiation therapy. Our understanding of hilar cholangiocarcinoma has improved in recent 

years and further research offers hope to improve the outcome in patients with these rare tumors.
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Overview

Cholangiocarcinoma is the most common primary tumor of the biliary tract although it 

accounts for only 2 % of all human malignancies.1 Cholangiocarcinoma arises from the 

malignant growth of the epithelial lining of the biliary ducts and is classified into 

intrahepatic, perihilar, or distal subtypes based on its location.2 Hilar cholangiocarcinomas 
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(HCs), or tumors which develop from the right and/or left hepatic ducts at or near the biliary 

confluence, are the most common type and account for up to 70 % of all cases.3–7 

Commonly referred to as Klatskin tumors after the description by Dr. Gerald Klatskin in 

1965, HCs are difficult to diagnose due to the often silent clinical nature.8 The best chance 

of long-term survival and potential cure is surgical resection with negative surgical margins, 

but many patients are unresectable due to locally advanced or metastatic disease at 

diagnosis.9,10 Research has demonstrated a survival benefit in properly-selected patients 

who undergo neoadjuvant chemotherapy followed by liver transplantation. Preoperative 

management with a combination of portal vein embolization and preoperative biliary 

drainage may help reduce postoperative complications in selected patients, and 

chemotherapy and radiation may have utility in prolonging survival after resection. We 

herein review HC including its risk factors, the main classification systems for tumors, 

current surgical management of the disease, and the role chemotherapy and liver 

transplantation may play in selected patients. We performed a comprehensive literature 

search using PubMed, Medline, and the Cochrane library for the period 1980–2015 using the 

following MeSH terms: “hilar cholangiocarcinoma,” “biliary cancer,” and 

“cholangiocarcinoma.” These terms were restricted to the title, abstract, and keywords. We 

included only recent studies that were published in English and in peer reviewed journals.

Demographics

HC is a disease of advanced age typically presenting in patients beyond the sixth decade of 

life.2 Two large studies each including over 200 patients with HC demonstrated a median 

age at diagnosis of 65 and 68 years, respectively, with a peak age of diagnosis in the eighth 

decade of life.7,9 Men and women are affected in roughly equal proportions, although 

several studies have demonstrated a slightly higher incidence in males.7,11 Globally, the 

highest prevalence of HC is in Southeast Asia, with the disease relatively uncommon in the 

USA.12 While the majority of patients with HC who present for surgical resection in 

Western countries are Caucasian, no clear differences in the incidence of 

cholangiocarcinoma among different ethnicities have been described.7

The etiology of HC is unclear, especially in Western countries, but several risk factors have 

been identified. Infection appears to be strongly linked to the development of 

cholangiocarcinoma, especially in Asian countries.13 Liver flukes, including Chlonorchis 
sinensis and Opisthorchis viverrini, can chronically infect the bile ducts and lead to the 

development of cholangiocarcinoma, with a reported relative risk of 4.8 (95 % confidence 

interval (CI) 2.8–8.4).13–16 A meta-analysis of published data has demonstrated a strong 

association between the hepatitis B and hepatitis C viruses with the development of 

cholangiocarcinoma, with a relative risk of 2.6 (95 % CI 1.5–4.6) and 1.8 (95 % CI 1.4–2.4), 

respectively.13,15,17,18 Other risk factors that have been associated with HC include heavy 

alcohol consumption, primary sclerosing cholangitis, chronic pancreatitis, cholelithiasis, and 

choledochal cysts.15,16,18 However, it has been noted that the majority of patients diagnosed 

with HC in Western countries do not have a recognized risk factor.19

Primary sclerosing cholangitis (PSC), an autoimmune disease leading to inflammation and 

multifocal stricturing of the intrahepatic and extrahepatic bile ducts, has been associated 
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with an increased incidence of all types of cholangiocarcinoma. In a cohort of 305 Swedish 

patients with PSC, 8 % went on to develop cholangiocarcinoma over a median follow-up 

time of 5 years.20 Similar studies demonstrated an incidence of cholangiocarcinoma of 

13.2 % in a cohort of 273 German PSC patients followed for a median of 6.3 years and 

6.8 % in 161 PSC patients followed for 11.5 years.21,22 Furthermore, occult 

cholangiocarcinoma has been identified in up to 40 % of PSC patients at autopsy and 

between 9 and 36 % of liver explants after transplantation.23–26 The highest risk of 

cholangiocarcinoma has been shown within the first year after diagnosis of PSC, and careful 

screening and regular follow-up are recommended for patients who present with PSC for at 

least the first 2 years following diagnosis.24,27 A strong relationship with PSC and ulcerating 

colitis has also been described, and an association between ulcerative colitis and HC has also 

been suggested with diagnosis at a younger age than in sporadic cases.27,28

Histology and Tumor Characteristics

The majority of HC cases occur sporadically, and the precise etiology of the disease is 

unknown. However, chronic inflammation and stasis of bile flow are felt to be the key 

contributors to genetic alterations in biliary cells leading to malignancy. Specific genetic 

mutations have been identified in HCs, including K-ras, C-myc, p53, and Bcl-2, helping to 

understand the mechanisms that lead to malignant transformation of the biliary tract.29 A 

recent study reported 94 % of resected tumors stained positively for the tumor suppressor 

gene p53, although others have suggested a lower rate of mutations in this gene.30–32 Other 

studies have reported mutations in the K-ras gene in up to 60 % of patients, similar to those 

found in other gastrointestinal cancers; K-ras mutations were noted to be particularly 

common in hilar tumors larger than 3 cm.33,34 K-ras mutations have also been noted to be 

found more frequent in patients with lymph node metastases than those without, and are 

associated with poor survival.35 Other genes commonly mutated include ErbB-2, BRAF, 
Bcl-2, DPC4/Smad4, and E-cadherin, although the specific mutations seen in an individual 

case of HC differ drastically amongst patients.29,36

Based upon the histological appearance of the tumor, HCs can be further classified into three 

distinct subtypes: sclerosing, nodular, and papillary.37,38 Sclerosing tumors are the most 

common type, comprising up to 70 % of all cholangiocarcinomas, and are frequently found 

at the liver hilum.27 These tumors are firm and cause annular thickening of the bile duct, 

often with longitudinal and radial tumor infiltration.37 In addition, sclerosing tumors can 

locally invade surrounding tissues, especially periductal neural tissue and vessels, resulting 

in associated fibrosis and inflammation of periductal tissues.27 Nodular 

cholangiocarcinomas are firm, irregular nodules of tumor that project into the lumen of the 

duct. In some cases, tumors may have features of both types and are classified as “nodular-

sclerosing.” Papillary tumors, the rarest subtype, are soft and friable and are often 

characterized by a polypoid mass that expands rather than contracts the duct.37 Papillary 

HCs often arise from a well-defined stalk allowing for a mobile tumor inside the bile duct.38 

These tumors are more commonly found in the distal bile duct and only rarely at the hilum. 

As papillary tumors are less likely to invade adjacent structures, these tumors have a more 

favorable prognosis compared to the more common subtypes.
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Classification

Classification of perihilar cholangiocarcinoma has focused on differentiating the tumor from 

intrahepatic and extrahepatic subtypes but also stratifying tumors based on specific anatomic 

and prognostic factors. In 1975, Bismuth and Corlette published one of the first anatomical 

classification systems for perihilar cholangiocarcinomas, with additional modifications 

described in 1992.39,40 This classification system organized lesions into four subtypes based 

upon tumor location and the extent of ductal infiltration to guide surgical management. Type 

I perihilar cholangiocarcinomas are those limited to the common hepatic duct immediately 

below the level of the bifurcation, while type II lesions involve the confluence of the left and 

right hepatic ducts but not beyond. Type III tumors are type II perihilar cholangiocarcinomas 

with extension of the tumor into the hepatic ducts; type IIIa involve extension into the right 

hepatic duct while type IIIb tumors extent into the left hepatic duct. Type IV lesions have 

extension of a tumor to the bifurcations of both the right and left hepatic ducts or have 

multifocal involvement. Recommendations for the type and extent of surgical resection were 

made based on the subtype, ranging from local excision for type I lesions to hepatectomy 

and liver transplantation for type IV tumors.40 While this classification system is useful for 

stratifying patients based on biliary involvement of the tumor, it is limited in its ability to 

predict resectability and survival given the absence of information regarding vascular 

encasement, lymph node metastases, and hepatic atrophy.

Other staging systems have been proposed based upon published prognostic factors and 

resectability criteria in addition to anatomic tumor location. One of the most commonly used 

is the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging 

system, which takes into account the size and extent of the primary tumor, regional lymph 

nodes, and distant metastases.41 While this staging system is useful in determining 

resectability of a tumor, the accuracy of the AJCC staging system with regards to predicting 

survival has been questioned.42,43 The Memorial Sloan-Kettering Cancer Center (MSKCC) 

staging system put forth by Blumgart and colleagues attempted to expand on the Bismuth-

Corlette classification by stratifying patients into one of three T stages.9 This system 

classifies a tumor according to its location and extent of bile duct involvement in addition to 

the presence of portal venous invasion and associated hepatic lobar atrophy.9 Increasing T 

stage was found to be associated with worse survival in the 219 patients analyzed (P<0.01) 

in addition to the decreased likelihood of resectability and achieving a negative (R0) 

resection margin (P<0.01).9 In a novel cohort of 380 patients, this staging system was found 

to predict accurately resectability and R0 resection margin.44 However, this study was 

limited by the low proportion of patients included (80 of 219) who were ultimately found to 

be resectable at the time of surgery in addition to a reported lack of a reproducible survival 

benefit in a novel patient cohort.42 Regardless of the limitations, it highlights an important 

need for stratifying patients at the time of resection by incorporating known important 

prognostic factors.

Diagnosis and Workup

The diagnosis of HC remains difficult, as most patients are asymptomatic until the disease 

has advanced and spread beyond the biliary tree. Clinical presentation depends on tumor size 
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and location. The most common symptom of HC is jaundice and is present in up to 90 % of 

patients; however, this often does not develop until the tumor has grown large enough to 

obstruct the biliary tree.4,7 Other common symptoms include fatigue, weight loss, pruritus, 

and abdominal pain but are relatively nonspecific, and as a result, are frequently not 

associated with an underlying diagnosis of malignancy.4,7 Additionally, some patients will 

be diagnosed based upon abnormalities noted on routine blood tests, with elevated serum 

alkaline phosphatase and bilirubin levels the most often seen laboratory anomalies in 

patients with HC.45 In general, physicians should have a high clinical index of suspicion to 

diagnose HC in patients who present with these nonspecific signs and symptoms.

In a patient who presents with a strong suspicion for HC or an abnormality found on 

imaging, a thorough evaluation is recommended. The most recent guidelines from the 

National Comprehensive Cancer Network (NCCN) for an extrahepatic cholangiocarcinoma 

recommend abdominal imaging by computed tomography (CT) or magnetic resonance 

imaging (MRI) to assess for vascular invasion and provide noninvasive cholangiography, 

chest CT to rule out metastatic disease, and laboratory testing including liver function tests 

(LFTs) in addition to cancer markers such as carbohydrate antigen 19-9 (CA19-9) and 

carcinoembryonic antigen (CEA).46 The sensitivity and specificity of CA19-9 for 

differentiating benign from malignant biliary strictures are 76 and 92 %, respectively.47 The 

reported sensitivity and specificity of CEA vary widely for HC and has been reported 

between 33–84 % and 33–100 %, respectively.48,49 Thus, while an elevated serum CA19-9 

or CEA may help confirm the diagnosis of HC, a normal value cannot definitively rule out 

the disease. In addition, CA19-9 and CEA levels have been shown to correlate with 

resectability, tumor stage, and overall survival and provide more utility as prognostic 

biomarkers than for diagnostic workup.50

Cross-sectional imaging is essential for the diagnosis and operative planning of HC. Often 

times, HC is first diagnosed after patients with abdominal pain or other nonspecific 

symptoms that is evaluated by imaging. High quality cross-sectional imaging utilizing 

multidetector contrast enhanced helical computed tomography (MDCT) or magnetic 

resonance cholangiopancreatography (MRCP) is recommended to workup and assess 

patients with a suspected HC (Fig. 1). The most frequently obtained imaging is MDCT given 

its widespread availability in most clinics and is notable for an overall accuracy of 60–90 % 

in determining resectability of a tumor.51–55 Notably, MDCT has a reported accuracy of 

96 % for determining portal vein invasion, 93 % for hepatic artery invasion, and 96 % for 

determining longitudinal tumor extension using the Bismuth-Corlette classification.55 

However, the accuracy of MDCT for determining nodal or peritoneal metastases is 

significantly lower.54,56 Most importantly, cross-sectional imaging is recommended before 

the placement of biliary stents to allow for a more complete assessment of the primary 

lesion.

MRI and MRCP have been increasingly used for HC as it allows for easier identification of 

the tumor's extent for staging purposes and better visualization of the biliary tree allowing 

for more complete surgical planning.57 MRI is also better suited to investigate the various 

types of soft tissue components, including bile ducts, blood vessels, and invasion into nearby 

liver parenchyma. Cholangiocarcinomas can often be identified due to thickening and 
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irregularity of the bile duct walls with upstream dilatation of the intrahepatic bile ducts.57,58 

By MRI, HCs appear mildly to moderately hypointense, especially compared to nearby liver 

parenchyma, on T1-weighted images and isointense to mildly hyperintense on T2-weighted 

images.58 The sensitivity of MRI for detecting a HC is reported to be 90 % and may be 

higher than MDCT alone.59 In addition, studies have shown MRCP to be equivalent to 

endoscopic retrograde cholangiopancreatography (ERCP) in the diagnosis of HC, and 

invasive cholangiography has been largely abandoned as a diagnostic tool in favor of MRCP 

or other non-invasive imaging modalities.60–62

If preoperative decompression or tissue biopsies are necessary, ERCP or percutaneous 

biliary transhepatic cholangiography (PTC) and drainage (PBD) are useful in evaluating the 

location of the tumor while allowing for decompression and drainage of any obstruction 

(Fig. 2). ERCP and PTC have been shown to have a similar sensitivity and specificity (75–

85 % and 70–75 %, respectively) for the ability to obtain a tissue diagnosis, although a 

negative biopsy does not rule out HC.63,64 Given similar diagnostic abilities, either ERCP or 

PTC is an acceptable choice for workup and is often institutionally dependent. Endoscopic 

ultrasound (EUS) with fine needle aspiration (FNA) has also been used in HC patients to 

biopsy the primary tumor and regional lymph nodes.65 Endoscopic ultrasound guided FNA 

has a reported accuracy as high as 91 % and can detect metastatic lymph nodes in up to 

20 % of patients with negative abdominal imaging.65–68 However, transperitoneal FNA has 

been associated with a higher rate of peritoneal metastases in some studies, and as a result, 

should be avoided unless non-surgical therapy is considered.69

Preoperative Management

Management of biliary obstruction in patients with overt jaundice may be required prior to 

surgical resection to relieve symptoms and reduce the risk of perioperative morbidity. 

Hepatic resection in the setting of jaundice and significant biliary obstruction has been 

associated with an increased risk of postoperative complications, increasing the need for 

preoperative management.70,71 While routine percutaneous biliary drainage in all patients 

with HC is not advocated given a risk of procedure-related adverse events, drainage is 

selected if patients are recommended to reduce the risk of operative complications.72 Studies 

have demonstrated that percutaneous drainage in patients with jaundice and 

hyperbilirubinemia can decrease postoperative complications but has not been shown to 

provide decreased operative mortality or improved overall survival.62,73–75 Currently, the 

optimal serum bilirubin level for surgery has not been determined, nor is the optimal 

duration of PBD known in HC. Biliary drainage should be reserved for selected patients 

with clinically evident jaundice or significant biliary obstruction prior to surgery.

Portal vein embolization (PVE) should be considered preoperatively for patients in whom 

the functional liver remnant (FLR) is estimated to be less than 20–30 % of the total liver 

volume after major liver resection.76–79 PVE is typically performed by a percutaneous 

transhepatic approach with insertion of a catheter into the portal system with subsequent 

injection of embolic materials into the desired venous branches to occlude flow; typical 

embolization materials include fibrin glue, polidocanol-foam, gelatin sponge, metallic coils, 

or cyanoacrylate.79 PVE is primarily reserved for patients undergoing a right or extended 
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right hepatectomy, as the left lateral section and caudate lobe are more likely to have 

inadequate FLR volumes after resection compared with the right hemiliver. One large 

systematic review reported at least 91.6 % of all PVE patients underwent embolization of 

either segments 5–8 or segments 4–8.79 PVE has been shown to increase FLR volumes in 

those patients with normal liver parenchyma prior to major hepatic resection for hepatic 

malignancy, although a majority of patients with chronic liver disease have also been shown 

to obtain significant benefit.76 Postoperative morbidity and mortality for patients undergoing 

preoperative PVE are comparable to patients with adequate FLR volumes, and long-term 

median survival is equivalent between groups undergoing hepatectomy for a hepatic 

malignancy.76,77 Additionally, patients with decreased FLR volumes who do not undergo 

PVR have been shown to have a higher incidence of postoperative liver failure than PVE 

patients.78 Patients with chronic liver disease may particularly benefit from PVE, as such 

patients with marginal FLR who undergo preoperative PVR seem to have a decreased 

incidence of postoperative complications and shorter hospital stay after hepatectomy.76 

Surgeons should strongly consider PVE in patients with concern for inadequate remnant 

liver volumes after hepatectomy for cholangiocarcinoma.

Surgical Management

Surgical resection is the best chance of long-term survival and cure in patients with HC.80 

However, resection of HC presents challenges when compared to intrahepatic and distal 

cholangiocarcinomas, which can often be treated with hepatectomy or 

pancreaticoduodenectomy, respectively.27 Based on the location and subtype of HC, 

recommended surgical treatment can involve local excision, hepatectomy, or even liver 

transplantation.40 Furthermore, many patients will present with advanced disease determined 

to be unresectable at the time of diagnosis given the tendency of tumors to spread by direct 

extension into nearby blood vessels and organs. Current criteria for unresectable disease 

include main portal vein involvement or encasement, bilateral spread to secondary biliary 

radicles, bilateral involvement of hepatic artery and/or portal venous branches, unilateral 

hepatic artery involvement with contralateral ductal spread, and the presence of metastases 

to distant lymph nodes or organs.81 However, even for patients who do not have these factors 

on preoperative imaging, as many as 40 % of patients will be found unresectable at the time 

of exploration.10 In the MSKCC experience, 29 % of HC patients at initial presentation had 

metastatic or locally advanced disease making them ineligible for surgical resection; of the 

160 patients who progressed to exploration, 80 had findings that precluded resection.9 Given 

the high percentage of patients found to be unresectable at exploration, some surgeons have 

advocated exploratory laparoscopy for all patients with HC, but the utility of its routine use 

is mixed.82–84

For patients with operable tumors, surgery remains the primary treatment method at this 

time. Numerous studies have shown significantly longer survival in patients who undergo 

resection compared with those that are not surgical candidates, and overall 5-year survival 

after surgery approaches 53 % in highly selected patients (Table 1).10,85–89 Table 1 provides 

the reported overall 5-year survival for all studies published since 2010 which included over 

100 patients, in order to limit any potential biases in smaller studies. In general, the standard 

therapy for HC is major hepatectomy combined with extrahepatic biliary tree resection and 
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lymphadenectomy.9,90–92 Left hepatectomy is required for Bismuth-Corlette IIIb lesions, 

while Bismuth-Corlette I, II, and IIIa lesions will usually require an extended right 

hepatectomy. In addition, simultaneous caudate lobe resection is highly recommended given 

its association with improved long-term survival and decreased local recurrence rates.93–95 

For advanced HC with vascular involvement, concomitant vascular resection has been 

advocated by some surgeons. However, data regarding concurrent portal vein resection 

(PVR) is mixed. One meta-analysis recently demonstrated no difference in morbidity, R0 

resection rates, or 5-year survival after hepatectomy with or without PVR.96 While PVR was 

associated with higher postoperative death rates, this relationship was not seen in a subgroup 

analysis of patients treated at experienced centers. Conversely, a large multi-institutional 

analysis of 305 patients treated at high volume, experienced centers demonstrated 

significantly increased 90-day mortality among patients who underwent PVR with 

hepatectomy.97 In this study, 5-year survival was not significantly different for patients after 

hepatectomy with or without PVR (28.2 vs. 33.2 %), and a survival benefit was seen in 

patients with an R0 resection margin. Thus, in high-volume centers with experienced 

surgeons, hepatectomy with PVR has a noted survival benefit in patients and should not be 

avoided when it would lead to an R0 resection. Alternatively, hepatic artery reconstruction is 

associated with significantly increased morbidity and mortality without a notable survival 

benefit and is not routinely used in the treatment for HC in Western countries.98,99

The goal of resection for HC is to achieve a negative, or R0, surgical margin in order to 

improve long-term survival. Multiple studies have demonstrated that overall survival is 

significantly increased when R0 surgical margins are obtained in comparison to an R1 

resection, where microscopic disease is present at the operative margin.7,44 One of the 

largest series including 380 HC patients from Memorial Sloan-Kettering Cancer Center 

demonstrated a significantly longer median disease-specific survival after an R0 resection 

compared with an R1 resection (43.5 vs. 23.1 months, respectively; P<0.001) (Fig. 3).44 An 

analysis of 281 perihilar cholangiocarcinoma patients at the Johns Hopkins Hospital also 

demonstrated significantly increased survival for patients who underwent an R0 resection.7 

A multi-institutional study of 305 patients who underwent extrahepatic biliary duct 

resection, hepatectomy, or hepatectomy with PVR demonstrated significantly improved 

survival for patients with an R0 resection margin, despite the operative method.97 In addition 

to surgical margin, several other operative factors and tumor characteristics have been 

associated with prolonged survival after surgical resection. The presence of nodal metastases 

has been shown in several studies to be associated with worse survival by multivariate 

analysis.97,100,101 Smaller case analyses have also shown worse survival after resection in 

patients with elevated preoperative serum bilirubin, histologic tumor type, and tumor 

differentiation, although these findings vary based on the study.100,102,103

Liver Transplantation

Liver transplantation has emerged as a potential treatment option in patients for which the 

tumor is unresectable or an R0 resection margin cannot be achieved. Historically, liver 

transplantation for cholangiocarcinoma was associated with poor long-term survival, and 5-

year survival rates were below than 30 % at many centers.104,105 These survival rates were 

poor compared to transplantation for other liver diseases, and therefore, cholangiocarcinoma 
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was considered by many to be a contraindication to transplant. However, the majority of 

patients in these early studies had advanced disease and did not receive neoadjuvant 

chemotherapy. More recent studies have evaluated liver transplantation in carefully selected 

patients after neoadjuvant chemotherapy, and improvements in survival rates have been 

demonstrated. The predominant protocol involves treatment with chemotherapy and 

radiation for patients with localized, non-metastatic perihilar cholangiocarcinoma without 

intrahepatic disease. If a donor is identified after treatment, the patient will undergo staging 

laparoscopy and, if negative, will proceed to liver transplantation.106,107 At the Mayo clinic, 

120 patients with cholangiocarcinoma treated by this protocol and subsequent liver 

transplantation resulted in a 5-year overall survival of 73 %, drastically higher than 

traditional outcomes for resection.106 One smaller study of 24 patients with unresectable 

perihilar cholangiocarcinoma without extrahepatic metastases who underwent liver 

transplantation after preoperative chemoradiation therapy had a 5-year survival of 82 %.107 

In addition, multiple studies have demonstrated that patients with PSC-associated 

cholangiocarcinoma have better outcomes and survival with transplantation than resection 

alone.108,109 It is important to note, however, that patients undergoing transplantation were 

highly selected and were required to pass a stringent inclusion criteria, making it difficult to 

generalize the results to all patients with HC. Beyond patients with PSC, treatment should be 

tailored to the individual patient in order to provide the best opportunity for prolonged 

survival, whether that treatment involves resection or transplantation.

Medical Management

Chemotherapy

Medical management of HC with chemotherapy and radiation alone leads to a poor 

outcomes when compared with complete surgical resection.110 As a result, chemotherapy is 

often limited to patients (1) with unresectable disease as sole therapy, (2) prior to potential 

transplantation, or (3) as adjuvant therapy for worrisome features after resection such as a 

positive resection margin or nodal metastases. Most major studies regarding 

chemotherapeutic regimens for cholangiocarcinoma are limited due to small numbers and 

inclusion of patients with different malignancies of the biliary tract, including gallbladder 

cancers. However, the majority of studies have demonstrated the superiority of combination 

therapies with more than one agent compared with single-agent treatment.110,111 Early 

studies involved treatment with 5-fluorouracil (5-FU), which in combination with other 

agents such as Adriamycin, mitomycin C, and cisplatin offered a median survival between 5 

and 12 months.110,112–114 However, response rates with 5-FU are under 40 %, leading to the 

evaluation of other chemotherapeutic agents. Current regimens for HC primarily include 

gemcitabine, with objective response rates between 8 and 60 % for gemcitabine-alone and a 

median overall survival of 6.3 to 16.0 months.115 Randomized control trials of gemcitabine 

in combination with other chemotherapeutic agents for the treatment of advanced biliary 

cancers have shown improvement in time-to-progression and progression-free survival.111 

Retrospective reviews have also demonstrated prolonged overall survival in patients who 

received adjuvant gemcitabine-based chemotherapy after surgical resection compared to 

those undergoing surgery alone.116 Recent attempts have also been made to treat patients 

with agents targeted to specific genes such as EGFR and VEGFR, but early clinical trials 
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involving these agents have failed to show any benefit.117–119 Further prospective clinical 

evaluation is needed regarding chemotherapy for HC; particularly, the role neoadjuvant 

chemotherapy may play in downsizing tumors prior to resection.

Radiation Therapy

Radiation therapy has similarly been utilized postoperatively for the treatment of HC and is 

often given concurrently with adjuvant chemotherapy. However, the data have been mixed 

regarding outcomes. An early prospective trial of radiation therapy both in the adjuvant 

setting after resection and as palliative therapy for unresectable disease demonstrated no 

survival benefit compared to patients who did not undergo radiation.120 Moreover, only 

resection was noted to be a significant prognostic factor when accounting for other variables, 

continuing to support surgery as the mainstay of treatment for HC. Small retrospective 

reviews comparing adjuvant radiation therapy to surgery alone have been mixed, with a 

survival benefit seen in some but not others.121–123 A retrospective analysis of 63 patients 

demonstrated improved prognosis in patients with microscopically positive resection 

margins who underwent adjuvant radiation therapy as opposed to surgery alone.123 In 

addition, the best survival was noted among patients who underwent combined 

intraoperative and postoperative radiation therapy. The SWOG S0809 prospective phase II 

trial is currently enrolling patients to evaluate for a survival benefit in patients treated with 

gemcitabine/capecitabine chemotherapy and radiation therapy after surgical resection. This 

study should help to further clarify that the role radiation therapy may have as an adjunct to 

surgery, especially in patients with positive resection margins. In addition, as with 

chemotherapy, there is limited data on the use of neoadjuvant radiation therapy for HC, and 

further prospective study is necessary to determine any potential survival benefit.

Conclusion

HC is a rare primary tumor of the biliary tract which occurs at or near the biliary 

confluence.1 These tumors are difficult to diagnose due to a silent clinical nature and limited 

early detection modalities, contributing to an overall poor survival for patients with this 

disease. Treatment with major hepatectomy combined with extrahepatic biliary tree 

resection and lymphadenectomy offers the best chance of long-term survival and potential 

cure, although this treatment is limited to patients with resectable disease without metastases 

at the time of diagnosis.9,10 Recent studies at specialized, high-volume centers have 

demonstrated a survival benefit in patients who undergo neoadjuvant chemotherapy and liver 

transplantation, offering a new treatment modality for patients with unresectable tumors. 

Adjuvant chemotherapy and radiation appear to offer a survival benefit in selected patients, 

especially those with R1 resection margins, and current clinical trials hope to further 

determine the optimal patient population and treatment regimen for HC. Our understanding 

of HC has improved in recent years and further research offers hope to improve the outcome 

in patients with these rare tumors.
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Fig. 1. Abdominal CT scan (a) and MRI (b) demonstrating left biliary tree dilatation in a 63-
year-old male with hilar cholangiocarcinoma
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Fig. 2. ERCP demonstrating mild left and right biliary tree dilatation with non-opacification of 
the common bile duct due to the presence of a hilar cholangiocarcinoma in a 56-year-old male, 
prior to stent placement
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Fig. 3. Kaplan–Meier Survival for hilar cholangiocarcinoma based upon resection margin 
(Reprinted from Matsuo44)
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Table 1
Selected recent case series involving surgical resection of more than one hundred hilar 
cholangiocarcinoma

Author Year of publication Number of patients Overall 5-year survival

Wang124 2015 204 23.7 % (radical resection)

4.5 % (palliative resection)

Higuchi125 2015 239 9.3 % (1974–1988)

41.1 % (1989–2003)

55.6 % (2004–2008)

Regimbeau89 2015 331 53 %

Furusawa126 2014 144 33 % (1990–2000)

35 % (2001–2012)

Nagino127 2013 574 32.5 %

Cho10 2012 105 34.1 %

Cannon128 2012 110 17.7 %

Matsuo44 2012 157 37.5 %

Song101 2012 230 33 %

De Jong97 2012 305 20.2 %

Nuzzo86 2012 440 25.5 %

Lee85 2010 302 32.5 %

Shimizu87 2010 224 28.3 % (left hepatectomy)

30.3 % (right hepatectomy)

Unno88 2010 125 34.7 %
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