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Intrahepatic cholangiocarcinoma (ICC) is the second
most common primary hepatic malignancy after hepato-
cellular carcinoma (HCC), accounting for 10% to 15%
of primary liver cancers.1 Despite this, ICC remains a rela-
tively rare cancer, with most series in the literature report-
ing only small numbers of patients who have undergone
surgical resection. In fact, most studies include only
a limited number of patients, usually from a single center.
More recently, multi-institutional studies and reports
using the Surveillance, Epidemiology and End Results
(SEER) Medicare database have attempted to identify
larger cohorts of patients to investigate outcomes for
patients with ICC.2-5 The emerging importance of ICC
has been recognized by the American Joint Committee
on Cancer (AJCC); a new, separate staging system for
ICC has been included in the most recent 7th edition of
the AJCC staging manual.6 We review here the epidemi-
ology, presentation, and surgical and general oncologic
management of patients with ICC.

EPIDEMIOLOGY AND RISK FACTORS
Intrahepatic cholangiocarcinoma is rare, accounting for
3% of gastrointestinal malignancies. Despite its relative
rarity, the age-adjusted worldwide incidence of ICC has
increased from 0.32 per 100,000 to 0.85 per 100,000
over a 30-year perioddan increase of 165%.5 Using
the SEER Medicare database from 1973 to 1997, Patel7

reported an increase in incidence of 9.1% in the United
States (Fig. 1). The incidence of ICC varies significantly
depending on geographic location. In the United States,
the incidence of ICC has increased to 0.95 per 100,000;

the incidence ranges from 0.2 per 100,000 in Australia
vs 96 per 100,000 in Thailand.5,8-10 The increased inci-
dence of ICC is believed to be attributable to a true
increase in the disease, rather than improvements in diag-
nostic accuracy or changes in pathologic reporting.2,7,11,12

The peak incidence for ICC is between ages 55 and
75 years; ICC is rare before the age of 45, with this age
group accounting for less than 10% of cases. Unlike
HCC, which is 5 to 6 times more prevalent in men, ICC
appears to have only a slight male predominance, with
a male:female ratio of 2:3.5 Other established risk factors
for ICC include disorders of the biliary system that produce
chronic biliary inflammation, bile stasis, and cirrhosis.
Specifically, primary sclerosing cholangitits (PSC), congen-
ital abnormalities of the bile ducts, intrahepatic lithiasis,
parasite infection, and thorocontrast (thorium dioxide)
exposure have all been associated with an increased risk of
ICC. Patients who have PSC and develop ICC usually
present at a younger age (30 to 50 years old) and often
present with advanced disease that is not amenable to resec-
tion. In one Swedish trial, 8% of patients with PSC devel-
oped cholangiocarcinoma, with a mean follow-up of
5 years.13 Although two-thirds of patients with PSC will
have inflammatory bowel disease (IBD), there is no associ-
ation between severity of IBD and risk of developing
ICC.13,14 Another risk factor for ICC is congenital abnor-
malities of the biliary system, which carry a 15% risk of
malignant transformation after the second decade of life.
Common abnormalities include fibrocystic liver disease,
choledochal cysts, and Caroli’s disease.
Parasite infections with Clonorchis sinensis and Opis-

torchis viverrini are also well-established risk factors for
ICC. These parasites are endemic in Japan and Southeast
Asia and it is estimated that 8% to 10% of people with
chronic parasitic infection may develop cholangiocarci-
noma. In Thailand, where an estimated 7 million people
are infected with opithorchiasis, the incidence of cholan-
giocarcinoma is 80 to 100 per 100,000. This region of
Thailand also has a nitrosamine-rich diet, which is sus-
pected to be an additional cofactor for development of
ICC. Intrahepatic biliary stones are rare in the West,
but are common in Asia. In Taiwan, up to 70%
of patients with resected cholangiocarcinoma have
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concomitant hepatolithiasis; in Japan the rate is 6% to
18%.15,16 Thorocontrast (thorium dioxide), which was
commonly used between 1928 and 1950, holds a 300-
fold increased risk of cholangiocarcinoma. Other chemi-
cal carcinogen exposures with increased risk of ICC
include dioxin, asbestos, and radon.
Recently, chronic hepatitis infection has increasingly

been recognized as a risk factor for ICC.17 In a small series

of 11 patients, Perumal and colleagues18 reported that
hepatitis C virus (HCV) and hepatitis B virus (HBV)
nucleic acids were present in ICC. A Korean study
reported the prevalence of HCV and HBV to be
12.5 % and 13.8%, respectively, among patients with
ICC vs only 3.5% and 2.3% among control non-ICC
patients.19 In a separate case-control study from China,
Zhou and associates20 noted that, compared with
controls, ICC patients had a higher prevalence of
HBV.20 Similarly, an Italian study reported that patients
with ICC had HCV and HBV prevalence of 23.0%
and 12.5%, respectively, vs 6.0% and 5.5%, respectively,
for control patients.21 Examining populations in the
United States, Shaib and coworkers22 used SEER-
Medicare data to compare 625 ICC cases with 90,834
controls. In this study, the authors noted that in addition
to diabetes mellitus, IBD, and smoking, cirrhosis and
hepatitis exposure were also risk factors for ICC. Interest-
ingly, Shaib and associates found that although HCV
infection was associated with an increased risk of ICC,
there was no association noted for HBV infection. In
another study using the SEER-Medicare database, 535
patients with ICC and 549 patients with extrahepatic
cholangiocarcinoma were compared with 102,782
cancer-free controls to investigate which risk factors
may be associated with cholangiocarcinoma.17 In this
study, Welzel and colleagues17 found that the only factors
associated with ICC included smoking, obesity, chronic
nonalcoholic liver disease, and HCV. The authors postu-
lated that the rising incidence of these factors may help
explain the rising incidence of ICC (Table 1).
Despite the well-established association of the aforemen-

tioned risk factors with ICC, it is important to note that
only a minority of patients with ICC will present with
an identifiable risk factor. Among patients with ICC
reported in Western and Eastern experiences, only 1% of
patients had PSC, 3% had intrahepatic lithiasis, 1% had
congenital malformations, and only 8% had HCV or
HBV.23 As such, the overwhelming majority of patients
with ICC will present with no identifiable risk factor.

Presentation and diagnostic work-up

Intrahepatic cholangiocarcinoma often remains asymp-
tomatic until an advanced stage. In contrast to extrahepatic
cholangiocarcinoma, ICC does not typically present with
symptoms of biliary obstruction. It commonly presents
as an incidental liver mass found on imaging undertaken
for other reasons or occasionally during the work-up of
abnormal liver function tests. Symptoms, when present,
include vague abdominal complaints and constitutional
symptoms (eg, malaise, generalized weakness, night
sweats, and nausea). In several surgical series, one-third

Figure 1. Intrahepatic cholangiocarcinoma, age-adjusted incidence
(A) and mortality (B). Adapted from: Patel T. Increasing incidence
and mortality of primary intrahepatic cholangiocarcinoma in the
United States. Hepatology 2001;33:1353e1357, with permission.

Abbreviations and Acronyms

AJCC ¼ American Joint Committee on Cancer
EGFR ¼ epidermal growth factor receptor
HBV ¼ hepatitis B virus
HCC ¼ hepatocellular carcinoma
HCV ¼ hepatitis C virus
IBD ¼ inflammatory bowel disease
ICC ¼ intrahepatic cholangiocarcinoma
LN ¼ lymph node
PSC ¼ primary sclerosing cholangitits
VEGF ¼ vascular endothelial growth factor
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of patients were asymptomatic, even with tumors as large
as 5 to 7 cm.24,25 A minority of patients (10% to 15%)
have jaundice due to occlusion of the bile duct lumen by
tumor thrombus, tumor extension along segmental or
sectional bile ducts, and/or compression of the common
bile duct by metastatic lymph nodes or the ICCmass itself.
Rarely, patients can present with a liver mass, high fevers,
and elevated white blood cell count, and the clinician
needs to be sure to include ICC in the differential
diagnosis.
Intrahepatic cholangiocarcinoma has traditionally been

difficult to diagnosis on pathologic tissue biopsy because
only over the last couple of decades has immunohisto-
chemistry been better able to differentiate biliary tract
adenocarcinomas from other metastatic adenocarcinomas.
Currently, the report of an “adenocarcinoma consistent
with a hepato-pancreato-biliary primary” by an experienced

pathologist should raise the suspicion of an ICC in the
setting of no obvious primary tumor. Although ICC is often
a diagnosis of exclusion and no immunohistochemistry
panel is pathonomonic, certain patterns may be suggestive
of ICC (negative: TTF1, CDX2, DPC4 and positive:
AE1/AE3, CK7þ, CK20- in the presence of biliary
dysplasia).
When a biopsy of a liver mass revealing “adenocarci-

noma” is obtained, the diagnostic work-up should
include a search for potential primary tumors, typically
colon, lung, pancreas, and stomach, as well as urologic
and gynecologic sites. Commonly, the work-up will
include cross-sectional imaging with a CT of the chest,
abdomen, and pelvis, as well as colonoscopy and upper
endoscopy to rule out a gastrointestinal primary. Women
should also have a routine mammogram and gynecologic
screening. It is important to note that liver biopsy is not

Table 1. Comparison of Pre-existing Medical Conditions among Patients with Extrahepatic Cholangiocarcinoma, Intra-
hepatic Cholangiocarcinoma, and Controls

Condition

ECC (n ¼ 549) ICC (n ¼ 535) Controls (n ¼ 102,782)

n % p Value* n % p Value* n %

Biliary tract conditions/operations

Choledochal cysts 27 4.9 <0.001 21 3.9 <0.001 108 0.1

Cholangitis 50 9.1 <0.001 67 12.5 <0.001 201 0.2

Biliary cirrhosis <5 <0.9 0.003 5 0.9 <0.001 53 0.1

Cholelithiasis 202 36.8 <0.001 172 32.1 <0.001 4273 4.2

Choledocholithiasis 87 15.8 <0.001 59 11 <0.001 543 0.5

Cholecystitis 42 7.7 <0.001 29 5.4 <0.001 973 0.9

Cholecystectomy 87 15.8 <0.001 41 7.7 <0.001 1649 1.6

Chronic liver diseases

Alcoholic liver disease 8 1.5 <0.001 5 0.9 0.008 310 0.3

Nonspecific cirrhosis 10 1.8 <0.001 17 3.2 <0.001 359 0.3

Hemochromatosis <5 <0.9 0.25 <5 <0.9 0.05 282 0.3

Chronic nonalcoholic liver disease <5 <0.9 0.08 5 0.9 0.03 353 0.3

HCV infection <5 <0.9 0.36 <5 <0.9 0.03 142 0.1

Endocrine disorders

Diabetes mellitus type II 165 30.1 <0.001 177 33.1 <0.001 22,764 22.1

Thyrotoxicosis 30 5.5 0.04 27 5 0.12 3864 3.8

Digestive disorders

IBD 10 1.8 0.03 18 3.4 <0.001 936 0.9

Crohn’s disease 6 1.1 0.02 5 0.9 0.06 419 0.4

Ulcerative colitis 5 0.9 0.11 13 2.4 <0.001 595 0.6

Duodenal ulcer 20 3.6 0.001 34 6.4 <0.001 1836 1.8

Chronic pancreatitis 13 2.4 <0.001 8 1.5 <0.001 272 0.3

Miscellaneous conditions

Smoking 12 2.2 0.03 12 2.2 0.02 1212 1.2

Obesity 16 2.9 0.79 23 4.3 0.12 3201 3.1

*Fisher exact test used to compute p value when n < 5.
ECC, extrahepatic cholangiocarcinoma; HCV, hepatitis C virus; IBD, inflammatory bowel disease; ICC, intrahepatic cholangiocarcinoma.
Reprinted from: Welzel TM, Graubard BI, El-Serag HB, et al. Risk factors for intrahepatic and extrahepatic cholangiocarcinoma in the United States:
a population-based case-control study. Clin Gastroenterol Hepatol 2007;5:1221e1128, with permission.
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routinely recommended or necessary. If a patient presents
with a liver mass suspicious for ICC and has a work-up
that fails to reveal any primary tumor site, the surgeon
can proceed to resection of the mass.
Currently available tumor markers lack sensitivity and

specificity for ICC. Levels of CA19-9 can be elevated by
hyperbilirubinemia, chronic hepatitis, bacterial cholangi-
tis, hepatolithiasis, and chronic biliary parasites, as well
as other malignancies. However, 30% of patients with
ICC have a CA19-9 level greater than 1,000 U/mL,
and another 25% have a level between 100 and 1,000
U/mL. In one study, the cut-off value for serum CA19-9
in patients with PSC was 20 U/mL, which provided
a sensitivity of 78%, a specificity of 67%, a positive
predictive value of 23%, and a negative predictive value
of 96%.26 In another study examining patients with
PSC, CA19-9 levels above 100 U/mL had a sensitivity
and specificity of 89% and 86%, respectively; in patients
without PSC, the sensitivity and specificity of CA19-9 fell
to 53% and 75%, respectively.27 Nichols and colleagues27

also found that unresectable ICC was associated with

higher CA19-9 levels. Furthermore, Tamandl and associ-
ates28 found that preoperative CA19-9 levels >100 U/mL
were independently associated with recurrence risk after
surgical resection. Other tumor markers such as CEA,
alpha-fetoprotein (AFP), and cancer antigen-125
(CA-125) are less useful. For example, CEA levels are
elevated >20 ng/mL in only 15% of patients and
>100 ng/mL in 5% of patients with ICC.29 Similarly,
alpha-fetoprotein, which is often elevated in HCC, is
<200 ng/mL in 95% of patients with ICC.29

The Liver Cancer Study Group of Japan (LCSGJ)
proposed 3 macroscopic categories to describe the appear-
ance of ICC: mass-forming, periductal infiltrating,
and intraductal growth types with mixed forms
(Fig. 2).10,30,31 The mass-forming type represents 60%
to 80% of ICC and includes nodular and exophytic
ICC morphologies. Periductal infiltrating ICCs represent
15% to 35% of ICC and demonstrate diffuse infiltration
along the biliary tree and portal tracts, resulting in biliary
stricture with dilation of peripheral bile ducts. The intra-
ductal growth type represents 8% to 29% of ICC and

Figure 2. (A) Mass-forming intrahepatic cholangiocarcinoma: gross photograph and contrast
enhanced CT showing a large, low-attenuation mass (arrows and arrowheads) with surrounding
parenchyma atrophy, capsular retraction, and bile duct dilation. (B) Periductal-infiltrating
intrahepatic cholangiocarcinoma: gross specimen and T1-weighted MRI showing periductal
enhancement of tumor around irregularly dilated intrahepatic duct (arrowheads and arrows). (C)
Intraductal-growth intrahepatic cholangiocarcinoma, gross specimen shows innumerable poly-
ploidy lesions (tubular carcinomas) and dilated bile ducts and T2 magnetic resonance chol-
angiopancreatography showing mildly dilated duct with irregularities mimicking impacted stones
(arrowheads). Illustrations adapted from: Hammill CW,Wong LL. Intrahepatic cholangiocarcinoma:
a malignancy of increasing importance. J Am Coll Surg 2008;207:594e603, with permission;
gross images adapted from Poultsides GA, Zhu AX, Choti MA, Pawlik TM. Intrahepatic chol-
angiocarcinoma. Surg Clin North Am 2010;90:817e837, with permission; and radiographs
adapted from Nakanuma Y, Sato Y, Harada K, et al. Pathologic classification of intrahepatic
cholangiocarcinomabased on a new concept. World J Hepatol 2010;2:419e427, with permission.
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often demonstrates papillary, polypoid, or grandular
growth, with superficial spread along the bile duct. The
morphologic subtypes of ICC can often be distinguished
by ultrasound, CT, and magnetic resonance imaging,
which are all commonly used to image ICC.
On CT, ICC often appears as a malignant-appearing,

irregular, heterogeneous mass with peripheral biliary dila-
tation and can demonstrate rim-like contrast enhance-
ment at the periphery of the tumor with areas of
delayed contrast enhancement within the tumor. These
characteristics are due to the fibrotic nature of ICC,
which, in turn, results in delayed enhancement. When
comparing ICC with other hepatic tumors, both ICC
and metastatic colorectal tumors more commonly have
areas of central hypointensity, which is a much less
frequent finding for other hepatic tumors.32 Another
feature to help differentiate ICC on imaging from other
hepatic tumors is its frequent association with peritu-
moral biliary dilatation. In one study, the authors noted
that 54% of patients with ICC exhibited intrahepatic
biliary dilation compared with only 3% of patients with
metastatic colorectal cancer.32

On cross-sectional imaging, different ICC subtypes
may have unique features. The mass-forming type of
ICC often demonstrates a low attenuation mass with
capsular retraction and parenchymal atrophy. Occasion-
ally satellite nodules are present at the periphery of the
tumor or there is encasement of vascular and biliary struc-
tures. It is important to look for invasion of the hepatic
and portal veins and enlarged lymph nodes in the hepatic
pedicle on cross-sectional imaging. Although portal
lymph nodes can be enlarged secondary to chronic hepa-
titis C infection in the absence of metastatic disease,
enlarged lymph nodes should be considered suspicious.
Characteristic features of ICC on MRI include a hypoin-
tense lesion relative to normal liver on T1-weighted
images and a heterogenous mass with a hyperintense
periphery and hypointense center on T2-weighted
images. Approximately half of patients with ICC on T2
imaging will have central areas of hypointensity compared
with the tumor edge; the area of central lower intensity
usually correlates with fibrosis on pathology. On T1-
weighted images, periductal infiltrating-type ICC demon-
strates periductal enhancement around irregularly dilated
intrahepatic ducts. The intraductal growth type may show
dilated ducts with intraductal irregularities, mimicking
impacted stones; on pathologic examination this often
correlates with numerous intraductal polypoid lesions
(tubular carcinomas). In addition to the different appear-
ances that each ICC subtype can have on cross-sectional
imaging, patient prognosis can also be different based
on ICC morphologic subtype. Specifically, the periductal

infiltrating and intraductal growth subtypes can be associ-
ated with a worse and better prognosis, respectively, when
compared with the more common mass-forming
subtype.33-37

Positron-emission tomography (PET) scan has also
been advocated as a helpful imaging modality for patients
with ICC. The accuracy of PET, however, seems to vary
based on ICC morphologic subtype. For example, some
investigators have reported an 85% sensitivity for mass-
forming ICC, but only an 18% sensitivity for the intraduc-
tal growth subtype of ICC.38 Kim and associates39 found
no benefit of PET in detecting regional lymph node metas-
tasis; PET did, however, identify occult distant metastasis
that were not previously seen on CT or MRI in a subset of
patients, thereby changing the management in up to 30%
of patients.39 In another study comparing PET-CT vs CT
alone, Petrowsky and coworkers40 reported no difference
in sensitivity for detecting primary ICC or in identifying
regional lymph nodemetastases. The use of PET did again,
however, result in better detection of occult distant metas-
tasis compared with CT alone, thereby changing manage-
ment in up to 20% of patients.40 Although the data on
PET are somewhat limited, taken together, its use in the
setting of ICC should be considered because additional
PET finds may change the management strategy in a subset
of patients.

Management of intrahepatic cholangiocarcinoma

Surgical resection

In addition to preoperative evaluation for assessment of
resectability, thorough work-up of medical comorbidities
and remnant liver function should be performed. The
degree of portal hypertension should be gauged. Gener-
ally, ICC is unresectable if there are intrahepatic metas-
tases, encasement or involvement of major vessels,
extensive regional lymphadenopathy, or distant metas-
tases. Although staging laparoscopy has insufficient data
to justify its routine use, some studies have shown that
perhaps up to 30% of ICC is found to be unresectable
due to laparoscopic detection of peritoneal or intrahepatic
metastasis. One study by Goere and colleagues,41 of 39
potentially resectable patients with biliary malignancy,
found that 36% (4 of 11) of patients with ICC were
found to be unresectable by staging laparoscopy. In
another study, 6 of 22 patients with potentially resectable
disease were found to be unresectable with laparoscopy
(4 had peritoneal metastasis and 2 had additional intrahe-
patic tumors).42

Surgery is the only effective treatment to achieve
possible cure in ICC. Without surgery the prognosis of
ICC is very poor, with nearly no survivors at 3 years;
those who undergo resection have a 3-year survival of
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40% to 50%.7,27,32,41,43,44 Compared with some other liver
malignancies, ICC portends a shorter survival, with lower
resectability and curability rates. The main goal of resec-
tion is complete tumor excision with negative histologic
margins and adequate liver remnant, and relief of any
possible symptoms relating to biliary obstruction.
Though resection has been shown to significantly
improve survival, barriers still exist to providing surgery
to patients with potentially resectable disease. Tan and
colleagues,3 using SEER Medicare data, identified 3,756
patients with ICC, and only 12% underwent cancer-
directed surgery. In this study, 248 patients were identi-
fied with localized, potentially resectable disease (single,
unilobar tumor without evidence of vascular invasion);
however, only 91(37%) of these patients underwent
cancer-directed surgery. Patients with localized disease
who underwent cancer-directed surgery had significantly
improved median survival (44 months vs 8 months;
p < 0.01).3

The impact of resection margin status on survival
remains controversial. Multiple studies on multivariate
analysis report it to be an independent predictor of
survival;24,25,42,45-49 Other groups report that margin status
was not an independent predictor of survival.4,28,50-56 In
a study of 74 patients with ICC, Tamandl and associ-
ates28 found 80% had R0 resection and 20% of these
patients had a margin >10 mm. There was no difference
between R0 and R1 resection on disease-free or overall
survival. Tamandl and associates28 found a recurrence
rate of 70%, with no difference between a close margin
(1 to 10 mm) or a positive margin compared with
a wide margin (>10 mm) with respect to recurrence or
location, and they postulated that these findings may be
due to the use of vaporizing ultrasonic dissection, which
has been reported to ablate up to 5 mm from the surface
of resection. The goal of resection remains negative
margin, but the width of the negative margin may not
matter. In a German study of R0 vs R1 resection, Lang
and coworkers24 studied 50 patients with locally advanced
ICC who underwent surgical exploration. Resection was
performed in 54% of patients and often required
extended hepatectomy and major vascular and biliary
reconstruction. R0 resection was achieved in 16 patients
and R1 resection in 11 patients. At a median follow-up
of 28 months, 13 of the 16 R0 patients were alive, with
1- and 3-year survival rates of 94% and 82%, respectively.
In contrast, after R1 resection, 8 of 11 patients died
within 1 year. Although on multivariate analysis, margin
status was not associated with outcomes, the authors
concluded that this was likely due to tumor-related
factors and recommended that an aggressive surgical
approach, including resection of vascular and biliary

structures, is justified to achieve an R0 resection.24 Ribero
and colleagues57 reported an R0 rate of 84.6%, with 70%
of patients requiring major or extended hepatectomy,
9.2% requiring portal vein resection, and 5.3% requiring
inferior vena cava resection. In this study, lymph node
status was the most significant independent factor associ-
ated with survival, and therefore, the authors supported
lymphadenectomy as a standard approach.
High rates of recurrence are reported after resection of

ICC, between 46% and 65%. Strong risk factors for
recurrence are multiple tumors and lymph node metas-
tasis. Endo and coworkers50 reported greater than 50%
recurrence and a median disease-free survival of 36
months at a median follow-up of 26 months. In this
study, the liver was the most common site of recurrence
(63%).50 Poor recurrence-free survival was associated
with multiple hepatic tumors (p < 0.001), regional nodal
involvement (p ¼ 0.012), and large tumor size (�5 cm;
p ¼ 0.016). Similarly, Yamamato and associates58

reported high recurrence rates of 46%. Sites of recurrence
were most commonly the liver (56%), peritoneum
(24%), and lymph nodes (20%). Choi and colleagues53

reported even higher overall recurrence rates of 65%.
Solitary tumor recurrence was 47%, yet with multiple
tumors or lymph node metastasis the recurrence rate
was 93%. In this study, the most common sites of recur-
rence were the liver (56%), portal lymph nodes (31%),
and peritoneum (22%). Hyder and associates,59 in an
international, multi-institutional study of 301 patients
undergoing surgery for ICC, found a median
recurrence-free survival of 20.2 months and a 5-year actu-
arial disease-free survival of 32.1%. The highest risk of
recurrence occurred 24 to 32 months postresection, and
the most common site of recurrence was intrahepatic,
in 60.9%. Only 20% presented with extrahepatic recur-
rence only. In this study, risk factors associated with
recurrence included macrovascular invasion, nodal metas-
tasis, and tumor size �5 cm.59

The reported 5-year survival rate varies from 21%
to 63% in surgical series, accounting for differences
in margin status, number of tumors, and stage
(Appendix 1, online only).4,24,25,28,46-55,60,61 Endo and coau-
thors50 compared the incidence and survival of ICC vs
hilar cholangiocarcinoma, and found that the overall inci-
dence of ICC was increasing along with the overall
survival. They found that 115 of 270 patients (73.7%)
had unresectable disease. They compared 2 periods,
1990 to 2000 and 2001 to 2006, and found improved
overall survival (22 vs 12 months, p ¼ 0.002). In this
study, the median survival for those with ICC was
19 months: 36 months for those with resectable disease,
and 9 months for those with unresectable disease.50
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Nathan and colleagues,2 using the SEER Medicare
database, identified 591 patients with ICC who had
undergone some form of cancer-directed surgery. They
found improvement in survival after resection by 34%.
The overall survival over 2 periods, 1973 to 1992
(n ¼171) and 1993 to 2002 (n ¼ 420), increased from
16.5% to 22.9% (p ¼ 0.003). The authors attributed
increased survival from 1993 to 2002 to improvements
in patient selection with better imaging, and the more
widespread use of hepatic resection.2

Liver transplantation

Results of liver transplantation have previously been poor,
and many consider ICC a contraindication for transplan-
tation.62,63 Less than 1% of liver transplantations in North
America and Europe are for cholangiocarcinoma. At most
centers, ICC is a contraindication to liver transplantation.
The 5-year survival after transplantation for cholangiocar-
cinoma is approximately 30%. Many believe that the
poor survival after liver transplantation for ICC does
not justify the use of limited organ resources. A multi-
center Canadian study by Ghali and associates43 investi-
gated the outcome of incidental finding of ICC in PSC
explanted livers and reported a 3-year survival of 30%
and a median survival of 26 months. The following
groups have reported 5-year survival rates: Cincinnati
transplant tumor registry (28%),62 Spanish liver trans-
plant (30%),64 and a Scandinavian series (30%).65 Other
studies have shown long-term survival in incidentally
discovered cholangiocarcinoma in explanted livers of
patients with PSC.13,66 Currently, transplantation is not
an established indication for ICC and should be consid-
ered only in the setting of a protocol.

Prognostic features

The following factors have been studied for their effect on
outcomes: solitary vs multiple tumors, lymph node status,
margin status, vascular invasion, tumor size, bilobar
tumors, capsular invasion, histologic subtype, mucobilia,
and CA19-9 levels. The presence of multifocal disease has
been shown to be an independent predictor of poor
outcome and is believed to represent intrahepatic metas-
tasis. Endo and associates50 found solitary vs multifocal
disease to be an independent predictor of disease-
specific and disease-free survival, with a median survival
of 87 months vs 19 months (p < 0.0001), respectively.
Furthermore, the median survival of resected multifocal
disease was similar to that of nonoperatively managed
liver-only disease. Nakagohri and associates51 found that
survival after resected multifocal disease was less than
10 months. Multifocal disease may be a relative contrain-
dication to surgical resection and some surgeons have

advocated for systemic therapy or hepatic intra-arterial
therapy for multifocal disease.25,51

Lymph node (LN) status is the second most commonly
reported prognostic factor. Presence of portal LN metas-
tasis is a poor prognostic factor and a sign of advanced
disease.45,48,50,67 In the Western world, routine lymphade-
nectomy is not performed, and there is no consensus on
staging or therapeutic value of routine portal lymphade-
nectomy. In one study using SEER-Medicare data, 55%
of patients had LN sampling performed, with a median
survival of 7 months in patients with node-positive disease
compared with 16 months in those with node-negative
disease (p ¼ 0.012).50 Another study, by de Jong and
coworkers,68 using SEER data, found that 248 of 449
patients underwent lymphadenectomy, and 30% of these
had LN metastasis. From this large population-based study,
these authors empirically established the incidence of LN
metastasis ranges between 20% and 30%. They found
N1 status negatively affected overall survival and influenced
the relative effect of tumor number and vascular invasion
on prognosis (Fig. 3). They concluded that lymphadenec-
tomy should be performed for ICC. Several studies sug-
gested that the number of positive LNs may provide
additional prognostic information.4,69-71 Nakagawa and
colleagues69 reported that 3 or more positive LNs had
a worse 3-year survival than 1 or 2 positive LNs (0% vs
50%, respectively). Suzuki and associates70 reported 5-year
survival with 1 positive LN as 33%; however, in those
with 2 or more positive LNs, there were no survivors at
5 years. Similarly, Tamandl and associates71 noted that
recurrence-free and overall survival were associated with
increased ratio of lymph node metatasis to examined
lymph nodes.
In addition to prognostic value, some groups have sug-

gested that lymphadenectomy may have therapeutic
benefit. In a Japanese study, 145 patients underwent cura-
tive hepatic resection and portal lymphadenectomy (hep-
atoduodenal ligament, hepatic, celiac, left gastric arteries,
and para-aortic LNs); the authors found that solitary
node-negative disease had the best survival; multifocal,
node-negative, and solitary node-positive disease had
similar intermediate survival, while multifocal, node posi-
tive disease had the worst survival.47 Two Japanese
groups, Nakagawa and colleagues69 and Suzuki and
colleagues,70 argued a therapeutic benefit to LN dissection
when there is a solitary hepatic tumor and 1 or 2 positive
lymph nodes. Weber and associates42 reported 3 of 20
recurrences in the hilar LNs and suggested that lympha-
denectomy may have prevented these recurrences. In
a retrospective Japanese study, 41 of 49 patients under-
went portal lymphadenectomy, and 24 of these patients
had positive lymph node metastasis. In this series, 23
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patients had recurrences, but none had portal LN recur-
rences. The authors concluded that lymphadenectomy
should not be routinely performed and instead, adopted
selective portal lymphadenectomy for suspicion on
imaging or intraoperative assessment.67 Farges and
coworkers72 found that the new 7th edition of the AJCC
staging manual accurately predicted survival and could
be applicable worldwide should lymphadenectomy be
routinely performed. In sum, the data strongly suggest
that lymphadenectomy should be performed at the time
of surgery for staging purposes due to its strong

prognostic ability, and it may lower the risk of locore-
gional recurrence.

Staging of intrahepatic cholangiocarcinoma

Several staging systems have been used to stage ICC,
including the Liver Cancer Study Group of Japan
(LCSG) and the AJCC/Union Internationale Contre le
Cancer (AJCC/UICC). In the previous 6th edition of
the AJCC/UICC manual, ICC was staged identically to
HCC due to the paucity of prognostic data for ICC.
Using the same exact staging system for ICC and
HCC, however, is problematic because of significant
differences in the behavior of these tumors. In turn, as
more prognostic data became available for ICC, apparent
differences in T and N staging were recognized. For
example, in HCC, one-third of patients present as T1
(<2 cm), corresponding to 70% 5-year survival after
curative resection, yet ICC rarely presents <2 cm. A
study from Tokyo never observed an ICC <2 cm in
a series of 60 patients.73 Another study, from Berlin,
found only 2% of 195 patients presented with tumors
<2 cm.74 Others have reported rates as high as 5% to
10% of patients presenting with ICC <2 cm; however,
these were likely periductal or intraductal variants and
not the classical mass-forming ICC.23,29 Other groups
also demonstrated that size was not an independent prog-
nostic factor in multivariate analysis.24,50,74-77 Significant
differences in HCC and ICC exist also with N status.
The incidence of positive LNs in HCC ranges from 5%
to 10%; in ICC, surgical series suggest a range from
30% to 40%.78 Due to the differences in presentation,
N status was demonstrated to be of more prognostic value
than size in ICC.
The 7th edition of the AJCC staging manual was based

on the work of Nathan and colleagues4 from a retrospec-
tive review of 598 patients who underwent surgery from
ICC between 1988 and 2004. The authors proposed
a system that omits size due to lack of prognostic discrim-
ination, instead using the following independent predic-
tors of survival derived from the SEER database:
number of tumors, vascular invasion, lymph node status,
and presence of metastatic disease. Another significant
finding of this retrospective study was that multiple
tumors and vascular invasion had similar effects on prog-
nosis. The AJCC 7th edition now has a separate, unique
staging system for ICC, distinct from HCC and extrahe-
patic bile duct malignancies. The rare combined HCC
and cholangiocarcinoma, or mixed hepatocholangiocarci-
nomas, are included in intrahepatic bile duct cancer. T
status is based on 3 major prognostic factors: tumor
number, vascular invasion, and direct extrahepatic exten-
sion (Table 2). N status is binary, given the presence or
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Figure 3. Lymph node metastasis influences overall survival and
the relative effects of tumor number and vascular invasion. (A)
Tumor number predicted survival in patients with N0 disease
(p ¼ 0.004), but not N1 disease (p ¼ 0.45). (B) A similar effect was
seen with vascular invasion; vascular invasion predicted survival in
patients with N0 disease (p ¼ 0.009), but failed to act as prog-
nostic marker among patients with lymph node metastasis
(p ¼ 0.30). Reprinted from: de Jong MC, Nathan H, Sotiropoulos
GC, et al. Intrahepatic cholangiocarcinoma: an international multi-
institutional analysis of prognostic factors and lymph node
assessment. J Clin Oncol 2011;29:3140-3145, with permission.
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absence of regional LN involvement. The following are
considered regional LNs: for left-sided ICC, common
bile duct, hepatic artery, portal vein, and cystic duct
LNs; and for right-sided ICC, hilar, periduodenal, and
peripancreatic LNs. In general, during a lymphadenec-
tomy, all aforementioned basins would be cleared. Celiac,
periaortic, and caval LNs are considered distant metas-
tases. As discussed, most Western centers do not routinely
perform lymphadenectomy and for accurate staging, the
new addition requires all patients with ICC to undergo
lymphadenectomy. In the TNM staging system, M status
is classified as a binary variable based on the presence or
absence of distant metastasis. It is also recommended that
CA19-9 be measured before treatment. The 7th edition
has been validated by de Jong and colleagues68 and Farges
and associates,72 who demonstrated that the T categories
show discrete step-wise stratification. Modifications to 7th

edition staging of ICC have been proposed by Igami and
colleagues,79 in which the authors recommended that
periductal invasion be removed as T4 and replaced by
multiple tumors. The authors also proposed that gastro-
hepatic lymph node metastasis as distant metastasis.

In the future, revisions will be necessary as additional
survival data becomes available. If portal lymphadenec-
tomy becomes routine, the number of lymph nodes
may be added as prognostic factors.

Cytotoxic systemic therapy

The majority of patients with ICC are unresectable
at presentation. Left untreated, survival is only 5 to
8 months.80 Management for these patients includes
systemic chemotherapy, regional chemotherapy, hepatic
intra-arterial therapy, external beam radiation, and
thermal ablation. There are no phase III randomized
controlled trials evaluating chemotherapy in intrahepatic
cholangiocarcinoma, and only in 2010 were phase III
trials conducted for advanced biliary tract cancer. The
majority of phase II studies comprise small patient
numbers and a mix of biliary tract cancers. Overall, there
has been an improvement in chemotherapy effectiveness
from 5FU to gemcitabine-based regimens, with response
rates increasing from 10% to 30% to 20% to 50%,
respectively (Appendix 2, online only). In a phase II trial
of 5FU as a single agent, the overall response rate was
only 5%.81 Combination regimens of 5FU with doxoru-
bicin, epirubicin, cisplatin, lomustine, mitomycin C, or
paclitaxel demonstrated a moderate improvement in
response rate, up to 10% to 30%.82-84 As a single agent,
gemcitabine was shown to elicit a partial response in
30% of patients.85 Further promise was shown when gem-
citabine was combined with cisplatin, oxaliplatin, doce-
taxel, mitomycin C, or 5-FU/leucovorin, with response
rates ranging from 36% to 60% and median survival
between 10 and 15 months.86-90 Eckel and Schmid91

analyzed all published chemotherapy trials from 1985
to 2006 among patients with biliary tract cancer. In
advanced cholangiocarcinoma, the authors noted that
gemcitabine combined with platinum compounds
(cisplatin or oxaliplatin) had the highest response rates.
After finding improved survival in a phase II trial

(ABC-01) of cisplatin and gemcitabine, Valle and
coworkers92 conducted the first phase III trial for advanced
biliary tract cancer. This study, the UK ABC-02 trial,
compared gemcitabine alone vs in combination with
cisplatin and included 410 locally advanced (25%) or
metastatic (75%) bilary tract cancers (bile duct, 59%;
gallbladder, 36%; ampulla, 5%). Combination therapy
significantly improved progression-free survival (8.4 vs
6.5 months; p ¼ 0.003) and overall survival (median
11.7 vs 8.3 months; p ¼ 0.002). A follow-up to the
UK ABC-02 trial to determine efficacy and safety of
combined therapy by Okusaka and colleagues93 found
combination therapy to be effective and well tolerated.
The most common grade 3 or 4 toxicities of combined

Table 2. American Joint Committee on Cancer Seventh
Edition Staging for Intrahepatic Cholangiocarcinoma

TNM Classification Description

Primary tumor (T)

T1 Solitary tumor without vascular invasion*

T2a Solitary tumor with vascular invasion*

T2b Multiple tumors, with or without
vascular invasion*

T3 Tumor perforating the visceral peritoneum
or involving local extrahepatic structures
by direct invasion

T4 Tumor with periductal invasiony

Regional lymph nodes (N)

N0 No regional lymph node metastasis

N1 Regional lymph node metastasisz

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

Stage groupings

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3 N0 M0

Stage IVA T4 N0 M0

Stage IVB Any T N1 M0, Any T Any N M1

*Includes major vascular (portal or hepatic vein) and microvascular
invasion.
yIncludes tumors with periductal-infiltrating or mixed mass-forming and
periductal growth pattern.
zNodal involvement of the celiac, periaortic, or caval lymph nodes is
considered to be distant metastasis (M1).
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vs monontherapy were neutropenia (56.1% vs 38.1%),
thrombocytopenia (39.0% vs 7.1%), leukopenia (29.3%
vs 19.0%), decrease in hemoglobin (36.6% vs 16.7%),
and increase in gamma-GTP (29.3% vs 35.7%).93 Collec-
tively, these results support that the ABC-02 trial was
a well conducted phase III trial in a rare tumor type,
and it establishes combination gemcitabine and cisplatin
as a standard chemotherapy regimen for unresectable
cholangiocarcinoma.
Although recurrence is high after resection of ICC, the

role of adjuvant therapy is poorly defined in the literature.
There are no prospective trials that have examined the
role of adjuvant chemotherapy for ICC. As such, a stan-
dard chemotherapeutic regimen after the resection of
ICC does not exist. Murakami and associates94 used
combined gemcitabine and S-1 in a mixed population
of patients with biliary tract cancers including 11 patients
with ICC. Based on the ABC-02 data, combination gem-
citabine and cisplatin seem to be the most appropriate
adjuvant therapy. Criteria for the selection of patients
to receive chemotherapy in the adjuvant setting also do
not exist. So far, chemotherapy is not routinely used for
patients with R0 resection or LN-negative disease.
However, adjuvant chemotherapy should be strongly
considered for patients with LN metastasis, as well as
those with perineural, or vascular invasion.30,95

Molecular targeted therapies

The majority of ICC have P53 mutations; other onco-
genic mutations identified in this disease include
Her-2/neu, C-met, hepatocyte growth factor (HGF)/
met, interleukin-6/gp130, c-myc, K-ras, c-neu, c-erbB2,
and bcl-2.96 The pathogenesis of ICC starts with the
chronic presence of proinflammatory cytokines, which
stimulate inducible nitric oxide synthase (iNOS) and
cyclo-oxygenase (COX)2. This causes DNA damage
and mutations to key genes including p53, p16INK4,
p21/WAF1, and DPC4/Smad4. Transforming growth
factor (TGF)-a activates epidermal growth factor receptor
(EGFR) and stimulates RAS, RAF, and MAPK activity.
This results in cyclo-oxygenase (COX)2 transcription
and prostaglandin E (PGE)2 synthesis and STAT3 trans-
location. STAT3 induces anti-apoptotic genes (Bcl2 and
BclXL) and angiogenesis (via vascular endothelial growth
factor [VEGF], interleukin 8, EFGR, and its own inhib-
itor SOCS). The cytokine interleukin 6 also causes dimer-
ization and translocation of STAT3.
Several of these steps have been the target of directed

therapies including VEGF, EGFR, RAF kinase, and
Her2/neu (Appendix 2, online only). Inhibitors of angio-
genesis that have been studied for ICC include VEGF
inhibitors: sunitinib, sorafenib, and bevacizumab.97,98

Early results for VEGF inhibitors suggest only modest
clinical efficacy with high toxicity. Inhibitors of EGFR
include cetuximab, erlotinib, lapatinib, and gefitinib.
Cetuximab combined with gemcitabine and oxaliplatin
(GEMOX) showed promise in a small phase II trial of
30 patients with biliary tract cancers.99 In this study,
63% of patients had an overall response: 3 patients had
a complete response and 16 had a partial response.
Nine of the responders became eligible for possibly cura-
tive resection. A phase III trial of gemcitabine and oxali-
platin alone or in combination with erlotinib in biliary
tract cancers resulted in no difference in overall survival,
but a modest improvement in progression-free survival
in cholangiocarcinoma.100 Lapatinib, an inhibitor of
EGFR1, ErbB2 and HER-2 did not show efficacy in
a phase II trial incorporating biliary tract cancer and
HCC.101 Future studies will need to be better define the
role of targeted therapy for use among patients with
advanced disease, as well as those in the adjuvant setting.

External beam radiation

Overall, the use of adjuvant radiation therapy is poorly
defined in ICC, given that most studies are small and
involve other biliary tract cancers. In general, radiation
therapy elicits response rates of 40% to 45% in biliary
tract cancers.102-104 Shinohara and colleagues,104 using
the SEER Medicare registry, reported on 3,839 patients
with ICC only. The authors found improved survival in
patients receiving radiation after surgery vs surgery alone,
as well as radiation vs no treatment. The authors
concluded that radiation therapy should be strongly
considered for those undergoing R1 vs R0 resection. As
such, radiation should be considered in the adjuvant
setting for those patients with an R1 surgical margin. In
another case control study of 45 patients with unresect-
able ICC, 22 patients underwent external beam radiation
therapy (EBRT).102 An objective response was observed in
36% of patients and pain was relieved in 90% of patients.
The 1- and 2-year survival rates between treated and
untreated groups were 36% and 19% vs 5.1% and
4.7%, respectively (p ¼ 0.021). Chen and associates103

evaluated palliative external beam radiation therapy in
84 patients with unresectable ICC and found improved
survival and relief of symptoms. The complete and partial
response rates were 8.6% and 28.5%, respectively. Of the
19 patients with jaundice, complete and partial relief rates
were 36.8% and 31.6%, respectively. Median, 1-year,
and 2-year survivals between external beam radiation
therapy and non-external beam radiation therapy patients
were 9.5 vs 5.1 months (p ¼ 0.003), 38.5% vs 16.4%,
and 9.6% vs 4.9%, respectively.
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Ablation

Radiofrequency ablation, cryotherapy, and microwave
ablation are well established in the treatment of HCC,
yet are rarely used in ICC. In HCC, ablation is offered
to patients who are not candidates for resection due to
poor liver function or comorbidities. However, ICC
usually develops in the background of relatively healthy
liver, and these patients typically can tolerate surgery. In
addition, these therapies are often prohibited by the
nature of ICC, due to its large size or central location,
because effective ablation typically requires tumors to be
small (eg, less than 3 to 5 cm). Central tumors near the
hilum/pedicle are also at increased risk of severe biliary
complications after these therapies. A small study of 13
patients with unresectable ICC (cirrhosis, n ¼ 9; extrahe-
patic extension, n ¼ 2; left lobe atrophy, n ¼ 1; comor-
bidities, n ¼ 1) underwent 17 radiofrequency
ablations.105 Treatment failure occurred in 2 patients
with large tumors (7 and 8 cm). The median
progression-free survival was 19.5 months and median
overall survival was 38.5 months. The 1- and 5-year
survivals were 85% and 15%, respectively. A more recent
study by Fu and colleagues106 showed that radiofrequency
ablation could be an effective and safe treatment for unre-
sectable/recurrent ICC, with a complication rate of 3.6%.
In this study of 17 patients, 10 of whom had recurrence
after resection, overall survival was 33 months and 1- and
5-year survival rates were 84.6% and 28.9%, respectively.

Hepatic intra-arterial therapy

There are no randomized trials for hepatic intra-arterial
therapy in ICC. In comparison with HCC, ICC is noted
to be less responsive to intra-arterial therapy, perhaps due
to its more fibrotic and less vascular nature. Small retro-
spective trials exist and often include other biliary tract
cancers. Gusani and associates107 reported 42 patients
with unresectable ICC, 88% located centrally and 12%
peripherally. Patients were treated, on average, with 3.5
treatments of gemcitabine-based chemoembolization
(TACE). Median survival from first chemoembolization
treatment was 9.1 months. There were no periprocedural
deaths and limited grade 3 or 4 toxicities. The authors
also found that intra-arterial administration of combined
gemcitabine-cisplatin improved survival compared with
gemcitabine alone (13.8 vs 6.3 months, respectively;
p ¼ 0.0005). In another study of chemoembolization
and unresectable cholangiocarcinoma, 2 of 17 patients
were down-staged and underwent successful resection.
In a study by the Liver Cancer Study Group of Japan,
only 4% of patients received chemoembolization with
no or minor response among the majority of patients.29

Hepatic artery infusion pumps have a reported response

rate between 40% and 64% using various agents
including floxuridine,108 mitomycin C,109 epirubicin
with cisplatin,110 and 5FU.111 In one study, Jarnagin
and coworkers108 demonstrated that the infusion of flox-
uridine and dexamethasone via hepatic intra-arterial
therapy infusional pumps resulted in higher response
rates in patients with ICC (53.8%) compared with
patients with HCC (25%). Increased response with doxo-
rubicin drug-eluting beads112 and yttrium-90 micro-
spheres113 have also been reported. Hoffmann and
associates114 demonstrated radioembolization with
yttrium-90 microspheres to be safe. Among 13 treated
patients, 12 patients had a partial response and 17
patients had stable disease. The median overall survival
was 22 months post-treatment and 43.7 months
postdiagnosis.

CONCLUSIONS
Intrahepatic cholangiocarcinoma is the second most
common type of primary liver tumor behind HCC.
Although the majority of ICCs are sporadic, chronic
inflammatory states of biliary epithelium increase the
risk of ICC development. Epidemiologic studies indicate
that the incidence and mortality of ICC is increasing
while those of extrahepatic cholangiocarcinoma are
decreasing. Resection remains the best option for long-
term survival in ICC, and despite advances in surgical
management including extended resections and vascular
reconstruction, barriers remain to potentially resectable
patients. For those who undergo resection, recurrence is
high and is predicted by multifocal disease, lymphatic
spread, vascular invasion, and R1 resection. As such, adju-
vant therapy should be strongly considered for these
patients. Although the overall prognosis of unresectable
ICC remains dismal, combination chemotherapy with
gemcitabine and cisplatin has shown promise and is
now the standard of care. As the molecular pathology
of ICC is elucidated, targeted therapies such as the
EGFR inhibitor cetuximab, combined with standard
therapy, may allow for possible increased response. The
pathogenesis and treatment of ICC demands further
study and elucidation if we are to improve the guarded
prognosis associated with this disease.
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Congrès français de chirurgie, Paris, 30 septembre-2 octobre
2009. Rueil-Malmaison: Arnette; 2009.

24. Lang H, Sotiropoulos GC, Fruhauf NR, et al. Extended
hepatectomy for intrahepatic cholangiocellular carcinoma
(ICC): when is it worthwhile? Single center experience with
27 resections in 50 patients over a 5-year period. Ann Surg
2005;241:134e143.

25. Paik KY, Jung JC, Heo JS, et al. What prognostic factors are
important for resected intrahepatic cholangiocarcinoma?
J Gastroenterol Hepatol 2008;23:766e770.

26. Morris-Stiff G, Teli M, Jardine N, Puntis MC. CA19-9
antigen levels can distinguish between benign and malignant
pancreaticobiliary disease. Hepatobiliary Pancreatic Dis Intl
2009;8:620e626.

27. Nichols JC, Gores GJ, LaRusso NF, et al. Diagnostic role of
serum CA 19-9 for cholangiocarcinoma in patients with
primary sclerosing cholangitis. Mayo Clin Proc 1993;68:
874e879.

28. Tamandl D, Herberger B, Gruenberger B, et al. Influence of
hepatic resection margin on recurrence and survival in intra-
hepatic cholangiocarcinoma. Ann Surg Oncol 2008;15:
2787e2794.

29. Ikai I, Arii S, Okazaki M, et al. Report of the 17th Nation-
wide Follow-up Survey of Primary Liver Cancer in Japan.
Hepatol Res 2007;37:676e691.

30. Poultsides GA, Zhu AX, Choti MA, Pawlik TM. Intrahepatic
cholangiocarcinoma. Surg Clin North Am 2010;90:817e837.

31. Nakanuma Y, Sato Y, Harada K, et al. Pathological classifica-
tion of intrahepatic cholangiocarcinoma based on a new
concept. World J Hepatol 2010;2:419e427.

32. Maetani Y, Itoh K, Watanabe C, et al. MR imaging of intra-
hepatic cholangiocarcinoma with pathologic correlation. Am
J Roentgenol 2001;176:1499e1507.

33. Nesbit GM, Johnson CD, James EM, et al. Cholangiocarci-
noma: diagnosis and evaluation of resectability by CT and
sonography as procedures complementary to cholangiog-
raphy. Am J Roentgenol 1988;151:933e938.

34. Kim TK, Choi BI, Han JK, et al. Peripheral cholangiocarci-
noma of the liver: two-phase spiral CT findings. Radiology
1997;204:539e543.

35. Lacomis JM, Baron RL, Oliver JH 3rd, et al. Cholangiocar-
cinoma: delayed CT contrast enhancement patterns. Radi-
ology 1997;203:98e104.

Vol. 217, No. 4, October 2013 Dodson et al Intrahepatic Cholangiocarcinoma 747

http://refhub.elsevier.com/S1072-7515(13)00422-5/sref1
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref1
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref1
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref1
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref2
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref3
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref3
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref3
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref3
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref3
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref4
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref4
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref4
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref4
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref5
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref5
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref5
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref5
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref6
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref6
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref6
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref6
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref6
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref7
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref7
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref7
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref7
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref8
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref8
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref8
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref9
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref9
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref9
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref9
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref10
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref10
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref10
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref10
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref11
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref11
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref11
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref11
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref12
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref12
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref12
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref12
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref13
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref13
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref13
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref13
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref14
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref14
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref14
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref14
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref15
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref15
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref15
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref15
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref16
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref16
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref16
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref16
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref17
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref17
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref17
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref17
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref17
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref18
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref18
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref18
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref18
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref18
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref19
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref19
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref19
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref19
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref19
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref20
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref20
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref20
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref20
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref20
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref21
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref21
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref21
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref21
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref21
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref22
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref22
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref22
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref22
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref23
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref23
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref23
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref23
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref24
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref25
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref25
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref25
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref25
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref26
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref26
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref26
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref26
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref26
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref27
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref27
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref27
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref27
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref27
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref28
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref28
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref28
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref28
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref28
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref29
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref29
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref29
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref29
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref30
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref30
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref30
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref31
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref31
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref31
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref31
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref32
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref32
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref32
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref32
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref33
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref33
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref33
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref33
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref33
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref34
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref34
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref34
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref34
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref35
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref35
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref35
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref35


36. Takayasu K, Ikeya S, Mukai K, et al. CT of hilar cholangio-
carcinoma: late contrast enhancement in six patients. Am J
Roentgenol 1990;154:1203e1206.

37. Honda H, Onitsuka H, Yasumori K, et al. Intrahepatic
peripheral cholangiocarcinoma: two-phased dynamic incre-
mental CT and pathologic correlation. J Comput Assist
Tomogr 1993;17:397e402.

38. Anderson CD, Rice MH, Pinson CW, et al. Fluorodeoxyglu-
cose PET imaging in the evaluation of gallbladder carcinoma
and cholangiocarcinoma. J Gastrointest Surg 2004;8:90e97.

39. Kim YJ, Yun M, Lee WJ, et al. Usefulness of 18F-FDG PET
in intrahepatic cholangiocarcinoma. Eur J Nucl Med Mol
Imaging 2003;30:1467e1472.

40. Petrowsky H, Wildbrett P, Husarik DB, et al. Impact of inte-
grated positron emission tomography and computed tomog-
raphy on staging and management of gallbladder cancer and
cholangiocarcinoma. J Hepatol 2006;45:43e50.

41. Goere D, Wagholikar GD, Pessaux P, et al. Utility of staging
laparoscopy in subsets of biliary cancers: laparoscopy is
a powerful diagnostic tool in patients with intrahepatic and
gallbladder carcinoma. Surg Endosc 2006;20:721e725.

42. Weber SM, Jarnagin WR, Klimstra D, et al. Intrahepatic
cholangiocarcinoma: resectability, recurrence pattern, and
outcomes. J Am Coll Surg 2001;193:384e391.

43. Ghali P, Marotta PJ, Yoshida EM, et al. Liver transplantation
for incidental cholangiocarcinoma: analysis of the Canadian
experience. Liver Transplant 2005;11:1412e1416.

44. Rea DJ, Heimbach JK, Rosen CB, et al. Liver transplantation
with neoadjuvant chemoradiation is more effective than
resection for hilar cholangiocarcinoma. Ann Surg 2005;242:
451e458; discussion 458e461.

45. Nakagohri T, Asano T, Kinoshita H, et al. Aggressive surgical
resection for hilar-invasive and peripheral intrahepatic chol-
angiocarcinoma. World J Surg 2003;27:289e293.

46. Inoue K, Makuuchi M, Takayama T, et al. Long-term
survival and prognostic factors in the surgical treatment of
mass-forming type cholangiocarcinoma. Surgery 2000;127:
498e505.

47. Uenishi T, Kubo S, Yamazaki O, et al. Indications for
surgical treatment of intrahepatic cholangiocarcinoma with
lymph node metastases. J Hepato-Biliary-Pancreatic Surg
2008;15:417e422.

48. DeOliveira ML, Cunningham SC, Cameron JL, et al. Chol-
angiocarcinoma: thirty-one-year experience with 564 patients
at a single institution. Ann Surg 2007;245:755e762.

49. Jan YY, Yeh CN, Yeh TS, et al. Clinicopathological factors
predicting long-term overall survival after hepatectomy for
peripheral cholangiocarcinoma. World J Surg 2005;29:
894e898.

50. Endo I, Gonen M, Yopp AC, et al. Intrahepatic cholangio-
carcinoma: rising frequency, improved survival, and determi-
nants of outcome after resection. Ann Surg 2008;248:84e96.

51. Nakagohri T, Kinoshita T, Konishi M, et al. Surgical
outcome and prognostic factors in intrahepatic cholangiocar-
cinoma. World J Surg 2008;32:2675e2680.

52. Shimada K, Sano T, Nara S, et al. Therapeutic value of
lymph node dissection during hepatectomy in patients with
intrahepatic cholangiocellular carcinoma with negative lymph
node involvement. Surgery 2009;145:411e416.

53. Choi SB, Kim KS, Choi JY, et al. The prognosis and survival
outcome of intrahepatic cholangiocarcinoma following
surgical resection: association of lymph node metastasis and

lymph node dissection with survival. Ann Surg Oncol
2009;16:3048e3056.

54. Ohtsuka M, Ito H, Kimura F, et al. Results of surgical treat-
ment for intrahepatic cholangiocarcinoma and clinicopatho-
logical factors influencing survival. Br J Surg 2002;89:
1525e1531.

55. Weimann A, Varnholt H, Schlitt HJ, et al. Retrospective
analysis of prognostic factors after liver resection and trans-
plantation for cholangiocellular carcinoma. Br J Surg 2000;
87:1182e1187.

56. Guglielmi A, Ruzzenente A, Campagnaro T, et al. Intrahe-
patic cholangiocarcinoma: prognostic factors after surgical
resection. World J Surg 2009;33:1247e1254.

57. Ribero D, Pinna AD, Guglielmi A, et al. Surgical approach
for long-term survival of patients with intrahepatic cholangio-
carcinoma: a multi-institutional analysis of 434 patients. Arch
Surg 2012;20:1e7.

58. Yamamoto M, Takasaki K, Otsubo T, et al. Recurrence after
surgical resection of intrahepatic cholangiocarcinoma.
J Hepato-Biliary-Pancreatic Surg 2001;8:154e157.

59. Hyder O, Hatzaras I, Sotiropoulos GC, et al. Recurrence
after operative management of intrahepatic cholangiocarci-
noma. Surgery 2013;153:811e818.

60. Valverde A, Bonhomme N, Farges O, et al. Resection of
intrahepatic cholangiocarcinoma: a Western experience.
J Hepato-Biliary-Pancreatic Surg 1999;6:122e127.

61. Konstadoulakis MM, Roayaie S, Gomatos IP, et al. Fifteen-
year, single-center experience with the surgical management
of intrahepatic cholangiocarcinoma: operative results and
long-term outcome. Surgery 2008;143:366e374.

62. Meyer CG, Penn I, James L. Liver transplantation for chol-
angiocarcinoma: results in 207 patients. Transplantation
2000;69:1633e1637.

63. Shimoda M, Farmer DG, Colquhoun SD, et al. Liver trans-
plantation for cholangiocellular carcinoma: analysis of
a single-center experience and review of the literature. Liver
Transplant 2001;7:1023e1033.

64. Robles R, Figueras J, Turrion VS, et al. Spanish experience in
liver transplantation for hilar and peripheral cholangiocarci-
noma. Ann Surg 2004;239:265e271.

65. Brandsaeter B, Isoniemi H, Broome U, et al. Liver transplan-
tation for primary sclerosing cholangitis; predictors and
consequences of hepatobiliary malignancy. J hepatol 2004;
40:815e822.

66. Goss JA, Shackleton CR, Farmer DG, et al. Orthotopic liver
transplantation for primary sclerosing cholangitis. A 12-year
single center experience. Ann Surg 1997;225:472e481;
discussion 481e483.

67. Shimada M, Yamashita Y, Aishima S, et al. Value of lymph
node dissection during resection of intrahepatic cholangiocar-
cinoma. Br J Surg 2001;88:1463e1466.

68. de Jong MC, Nathan H, Sotiropoulos GC, et al. Intrahepatic
cholangiocarcinoma: an international multi-institutional
analysis of prognostic factors and lymph node assessment.
J Clin Oncol 2011;29:3140e3145.

69. Nakagawa T, Kamiyama T, Kurauchi N, et al. Number of
lymph nodemetastases is a significant prognostic factor in intra-
hepatic cholangiocarcinoma. World J Surg 2005;29:728e733.

70. Suzuki S, Sakaguchi T, Yokoi Y, et al. Clinicopathological
prognostic factors and impact of surgical treatment of
mass-forming intrahepatic cholangiocarcinoma. World J
Surg 2002;26:687e693.

748 Dodson et al Intrahepatic Cholangiocarcinoma J Am Coll Surg

http://refhub.elsevier.com/S1072-7515(13)00422-5/sref36
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref36
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref36
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref36
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref37
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref37
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref37
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref37
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref37
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref38
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref38
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref38
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref38
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref39
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref39
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref39
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref39
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref40
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref40
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref40
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref40
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref40
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref41
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref41
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref41
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref41
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref41
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref42
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref42
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref42
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref42
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref43
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref43
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref43
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref43
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref44
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref45
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref45
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref45
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref45
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref46
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref46
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref46
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref46
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref46
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref47
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref47
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref47
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref47
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref47
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref48
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref48
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref48
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref48
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref49
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref49
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref49
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref49
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref49
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref50
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref50
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref50
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref50
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref51
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref51
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref51
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref51
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref52
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref52
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref52
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref52
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref52
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref53
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref54
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref54
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref54
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref54
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref54
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref55
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref55
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref55
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref55
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref55
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref56
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref56
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref56
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref56
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref57
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref57
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref57
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref57
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref57
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref58
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref58
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref58
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref58
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref59
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref59
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref59
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref59
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref60
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref60
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref60
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref60
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref61
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref61
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref61
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref61
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref61
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref62
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref62
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref62
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref62
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref63
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref63
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref63
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref63
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref63
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref64
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref64
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref64
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref64
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref65
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref65
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref65
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref65
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref65
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref66
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref67
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref67
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref67
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref67
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref68
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref68
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref68
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref68
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref68
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref69
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref69
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref69
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref69
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref70
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref70
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref70
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref70
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref70


71. Tamandl D, Kaczirek K, Gruenberger B, et al. Lymph node
ratio after curative surgery for intrahepatic cholangiocarci-
noma. Br J Surg 2009;96:919e925.

72. Farges O, Fuks D, Le Treut YP, et al. AJCC 7th edition of
TNM staging accurately discriminates outcomes of patients
with resectable intrahepatic cholangiocarcinoma: By the AFC-
IHCC-2009 study group. Cancer 2011;117:2170e2177.

73. Okabayashi T, Yamamoto J, Kosuge T, et al. A new staging
system for mass-forming intrahepatic cholangiocarcinoma:
analysis of preoperative and postoperative variables. Cancer
2001;92:2374e2383.

74. Jonas S, Thelen A, Benckert C, et al. Extended liver resection
for intrahepatic cholangiocarcinoma: A comparison of the
prognostic accuracy of the fifth and sixth editions of the
TNM classification. Ann Surg 2009;249:303e309.

75. Shimada K, Sano T, Sakamoto Y, et al. Surgical outcomes of
the mass-forming plus periductal infiltrating types of intrahe-
patic cholangiocarcinoma: a comparative study with the
typical mass-forming type of intrahepatic cholangiocarci-
noma. World J Surg 2007;31:2016e2022.

76. Yamasaki S. Intrahepatic cholangiocarcinoma: macroscopic
type and stage classification. J Hepato-Biliary-Pancreatic
Surg 2003;10:288e291.

77. Song GW, Lee SG, Lee YJ, et al. Analysis of survival and
factors affecting the survival after surgical resection of periph-
eral cholangiocarcinoma: 318 cases in single institute. Korean
J Hepatol 2007;13:208e221.

78. Ercolani G, Grazi GL, Ravaioli M, et al. The role of lympha-
denectomy for liver tumors: further considerations on the
appropriateness of treatment strategy. Ann Surg 2004;239:
202e209.

79. Ignami T, Ebata T, Yokoyama Y, et al. Staging of peripheral-
type intrahepatic cholangiocarcinoma: appraisal of the new
TNM classification and its modifications. World J Surg
2011;35:2501e2509.

80. Chou FF, Sheen-Chen SM, Chen YS, et al. Surgical treat-
ment of cholangiocarcinoma. Hepato-Gastroenterol 1997;
44:760e765.

81. Todoroki T. Chemotherapy for bile duct carcinoma in the light
of adjuvant chemotherapy to surgery. Hepato-Gastroenterol
2000;47:644e649.

82. Ducreux M, Rougier P, Fandi A, et al. Effective treatment of
advanced biliary tract carcinoma using 5-fluorouracil
continuous infusion with cisplatin. Ann Oncol 1998;9:
653e656.

83. Lee MA, Woo IS, Kang JH, et al. Epirubicin, cisplatin, and
protracted infusion of 5-FU (ECF) in advanced intrahepatic
cholangiocarcinoma. J Cancer Res Clin Oncol 2004;130:
346e350.

84. Raderer M, Hejna MH, Valencak JB, et al. Two consecutive
phase II studies of 5-fluorouracil/leucovorin/mitomycin C
and of gemcitabine in patients with advanced biliary cancer.
Oncology 1999;56:177e180.

85. Kubicka S, Rudolph KL, Tietze MK, et al. Phase II study of
systemic gemcitabine chemotherapy for advanced unresect-
able hepatobiliary carcinomas. Hepato-Gastroenterol 2001;
48:783e789.

86. Kiba T, Nishimura T, Matsumoto S, et al. Single-agent gem-
citabine for biliary tract cancers. Study outcomes and system-
atic review of the literature. Oncology 2006;70:358e365.

87. Scheithauer W. Review of gemcitabine in biliary tract carci-
noma. Sem Oncol 2002;29:40e45.

88. Lee GW, Kang JH, Kim HG, et al. Combination chemo-
therapy with gemcitabine and cisplatin as first-line treatment
for immunohistochemically proven cholangiocarcinoma. Am
J Clin Oncol 2006;29:127e131.

89. Knox JJ, Hedley D, Oza A, et al. Combining gemcitabine
and capecitabine in patients with advanced biliary cancer:
a phase II trial. J Clin Oncol 2005;23:2332e2338.

90. Andre T, Tournigand C, Rosmorduc O, et al. Gemcitabine
combined with oxaliplatin (GEMOX) in advanced biliary
tract adenocarcinoma: a GERCOR study. Ann Oncol
2004;15:1339e1343.

91. Eckel F, Schmid RM. Chemotherapy in advanced biliary
tract carcinoma: a pooled analysis of clinical trials. Br J
Cancer 2007;96:896e902.

92. Valle J, Wasan H, Palmer DH, et al. Cisplatin plus gemcita-
bine versus gemcitabine for biliary tract cancer. N Engl J Med
2010;362:1273e1281.

93. Okusaka T, Nakachi K, Fukutomi A, et al. Gemcitabine
alone or in combination with cisplatin in patients with biliary
tract cancer: a comparative multicentre study in Japan. Br J
Cancer 2010;103:469e474.

94. Murakami Y, Uemura K, Sudo T, et al. Adjuvant chemo-
therapy with gemcitabine and S-1 after surgical resection
for advanced biliary carcinoma: outcomes and prognos-
tic factors. J Hepato-Biliary-Pancreatic Sci 2012;19:
306e313.

95. Fisher SB, Patel SH, Kooby DA, et al. Lymphovascular and
perineural invasion as selection criteria for adjuvant therapy
in intrahepatic cholangiocarcinoma: a multi-institution anal-
ysis. HPB 2012;14:514e522.

96. Isa T, Tomita S, Nakachi A, et al. Analysis of microsatellite
instability, K-ras genemutation and p53 protein overexpression
in intrahepatic cholangiocarcinoma. Hepato-Gastroenterol
2002;49:604e608.

97. Bengala C, Bertolini F, Malavasi N, et al. Sorafenib in
patients with advanced biliary tract carcinoma: a phase II
trial. Br J Cancer 2010;102:68e72.

98. Zhu AX, Meyerhardt JA, Blaszkowsky LS, et al. Efficacy and
safety of gemcitabine, oxaliplatin, and bevacizumab in
advanced biliary-tract cancers and correlation of changes in
18-fluorodeoxyglucose PET with clinical outcome: a phase
2 study. Lancet Oncol 2010;11:48e54.

99. Gruenberger B, Schueller J, Heubrandtner U, et al. Cetuxi-
mab, gemcitabine, and oxaliplatin in patients with unresect-
able advanced or metastatic biliary tract cancer: a phase 2
study. Lancet Oncol 2010;11:1142e1148.

100. Lee J, Park SH, Chang HM, et al. Gemcitabine and oxalipla-
tin with or without erlotinib in advanced biliary-tract cancer:
a multicentre, open-label, randomised, phase 3 study. Lancet
Oncol 2012;13:181e188.

101. Ramanathan RK, Belani CP, Singh DA, et al. A phase II
study of lapatinib in patients with advanced biliary tree and
hepatocellular cancer. Cancer Chemother Pharmacol 2009;
64:777e783.

102. Zeng ZC, Tang ZY, Fan J, et al. Consideration of the role of
radiotherapy for unresectable intrahepatic cholangiocarci-
noma: a retrospective analysis of 75 patients. Cancer J
2006;12:113e122.

103. Chen YX, Zeng ZC, Tang ZY, et al. Determining the role of
external beam radiotherapy in unresectable intrahepatic chol-
angiocarcinoma: a retrospective analysis of 84 patients. BMC
Cancer 2010;10:492.

Vol. 217, No. 4, October 2013 Dodson et al Intrahepatic Cholangiocarcinoma 749

http://refhub.elsevier.com/S1072-7515(13)00422-5/sref71
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref71
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref71
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref71
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref72
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref72
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref72
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref72
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref72
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref73
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref73
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref73
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref73
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref73
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref74
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref74
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref74
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref74
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref74
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref75
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref76
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref76
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref76
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref76
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref77
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref77
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref77
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref77
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref77
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref78
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref78
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref78
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref78
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref78
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref79
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref79
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref79
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref79
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref79
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref80
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref80
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref80
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref80
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref81
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref81
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref81
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref81
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref82
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref82
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref82
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref82
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref82
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref83
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref83
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref83
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref83
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref83
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref84
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref84
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref84
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref84
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref84
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref85
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref85
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref85
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref85
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref85
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref86
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref86
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref86
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref86
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref87
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref87
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref87
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref88
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref88
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref88
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref88
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref88
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref89
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref89
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref89
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref89
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref90
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref90
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref90
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref90
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref90
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref91
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref91
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref91
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref91
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref92
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref92
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref92
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref92
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref93
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref93
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref93
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref93
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref93
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref94
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref95
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref95
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref95
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref95
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref95
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref96
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref96
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref96
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref96
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref96
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref97
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref97
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref97
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref97
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref98
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref99
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref99
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref99
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref99
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref99
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref100
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref100
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref100
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref100
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref100
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref101
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref101
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref101
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref101
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref101
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref102
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref102
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref102
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref102
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref102
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref103
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref103
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref103
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref103


104. Shinohara ET, Mitra N, Guo M, Metz JM. Radiation
therapy is associated with improved survival in the adjuvant
and definitive treatment of intrahepatic cholangiocarcinoma.
International J Radiat Oncol Biol Phys 2008;72:1495e1501.

105. Kim JH, Won HJ, Shin YM, et al. Radiofrequency ablation
for the treatment of primary intrahepatic cholangiocarci-
noma. Am J Roentgenol 2011;196:W205eW209.

106. Fu Y, Yang W, Wu W, et al. Radiofrequency ablation in the
management of unresectable intrahepatic cholangiocarci-
noma. J Vasc Intervent Radiol 2012;23:642e649.

107. Gusani NJ, Balaa FK, Steel JL, et al. Treatment of unresect-
able cholangiocarcinoma with gemcitabine-based transcatheter
arterial chemoembolization (TACE): a single-institution expe-
rience. J Gastrointest Surg 2008;12:129e137.

108. Jarnagin WR, Schwartz LH, Gultekin DH, et al. Regional
chemotherapy for unresectable primary liver cancer: results of
a phase II clinical trial and assessment of DCE-MRI as
a biomarker of survival. Ann Oncol 2009;20:1589e1595.

109. Shitara K, Ikami I, Munakata M, et al. Hepatic arterial infu-
sion of mitomycin C with degradable starch microspheres for
unresectable intrahepatic cholangiocarcinoma. Clin Oncol (R
Coll Radiol) 2008;20:241e246.

110. Cantore M, Mambrini A, Fiorentini G, et al. Phase II study
of hepatic intraarterial epirubicin and cisplatin, with systemic
5-fluorouracil in patients with unresectable biliary tract
tumors. Cancer 2005;103:1402e1407.

111. Tanaka N, Yamakado K, Nakatsuka A, et al. Arterial chemo-
infusion therapy through an implanted port system for
patients with unresectable intrahepatic cholangiocarcinomae
initial experience. Eur J Radiol 2002;41:42e48.

112. Kim JH, Yoon HK, Sung KB, et al. Transcatheter arterial
chemoembolization or chemoinfusion for unresectable intra-
hepatic cholangiocarcinoma: clinical efficacy and factors
influencing outcomes. Cancer 2008;113:1614e1622.

113. Aliberti C, Benea G, Tilli M, Fiorentini G. Chemoemboliza-
tion (TACE) of unresectable intrahepatic cholangiocarci-
noma with slow-release doxorubicin-eluting beads:
preliminary results. Cardiovasc Intervent Radiol 2008;31:
883e888.

114. Hoffmann RT, Paprottka PM, Schon A, et al. Transarterial
hepatic yttrium-90 radioembolization in patients with unre-
sectable intrahepatic cholangiocarcinoma: factors associated
with prolonged survival. Cardiovasc Intervent Radiol 2012;
35:105e116.

750 Dodson et al Intrahepatic Cholangiocarcinoma J Am Coll Surg

http://refhub.elsevier.com/S1072-7515(13)00422-5/sref104
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref104
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref104
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref104
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref104
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref105
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref105
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref105
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref105
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref106
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref106
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref106
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref106
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref107
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref107
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref107
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref107
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref107
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref108
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref108
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref108
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref108
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref108
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref109
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref109
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref109
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref109
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref109
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref110
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref110
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref110
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref110
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref110
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref111
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref111
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref111
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref111
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref111
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref112
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref112
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref112
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref112
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref112
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref113
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114
http://refhub.elsevier.com/S1072-7515(13)00422-5/sref114


Appendix 1. Comparison of Recent Surgical Series in Patients with Intrahepatic Cholangiocarcinoma

First author Year Study period n
No.

resected
Resectability

rate, %
3ey

Survival, %
5ey

Survival, %
Multiple
tumors, %

Size
>5 cm N1 VI R1

Negative prognostic factors
(multivariate analyses)

Harrison115 1998 1992e2000 32 32 NR NR 42 40.6 e 12.5 31.2 18.7 VI, Multiple tumors

Valverde60 1999 1990e1997 42 30 71 22 10 43 83 27 NR 63 Multiple lesions, N1

Weimann55 2000 1978e1996 162 95 59 31 21 47 e 25 25 0 N1, M1, jaundice, AJCC stage

Inoue46 2000 1980e1998 52 52 e NR 36 e e 40 63 31 R1, N1, VI

Weber42 2001 1992e2000 53 33 62 55 33 30.3 e 15.2 30.3 12.1 VI, multiple tumors, R1

Ohtsuka54 2002 1984e2001 62 48 77 38 23 e e e e e Multiple tumors, CA19e9
>1,000 U/mL

Nakagawa69 2005 1983e2004 53 44 83 38 26 13 41 29 32 11 Multiple tumors, R1

Jan49 2005 1977e1997 373 135 36 9.2 4.1 e e e e e No mucobilia, no resection,
no adj. chemo, nonpapillary

Lang24 2005 1998e2003 50 27 54 82 (R0) NR 59.2 e 29.6 55.6 40.7 R1, VI

Paik25 2008 1994e2005 97 97 e 52 31 14 42 24 e 7 R1

DeOliveira48 2007 1973e2004 44 29 66 NR 63 (R0) e e 29 e 55 R1, N1

Nathan2 2007 1988e2004 591 591 e NR 17 e e e e e Age, regional and distant disease

Konstadoulakis61 2008 1991e2005 72 54 71 49 25 e e e e 22 None significant

Nakagohri51 2008 1992e2007 56 56 e NR 32 18 e 37 68 25 Multiple tumors

Tamandl28 2008 1994e2007 74 74 e 45 28 28 54 31 26 19 Size, multiple tumors, CA19e9
>100, UICC stage

Endo50 2008 1990e2006 238 77 32 NR NR 29 65 9 26 15 Multiple tumors, N1, tumor
size >5cm

Uenishi47 2008 1985e2004 133 133 e 36 29 44 e 47 60 17 Multiple tumors, N1, R1

Nathan4 2009 1988e2004 598 598 e 31 18 28 49 27 34 e Multiple tumors, VI, N1

Lang116 2009 1998e2006 158 83 52 38, 50 (R0) 21, 30 (R0) 53 84 34 41 36 Male, R1, AJCC stage

Guglielmi56 2009 1990e2007 81 52 64 50 20 21 e 27 e 17 N1,VI

Choi53 2009 2000e2007 64 64 e 52.7 39 11 56 27 58 14 N1

Shimada52 2009 1990e2004 104 104 e NR 34 40 e 32 27 26 Multiple tumors, N1

Shen117 2009 1993e2003 429 395 92 22.2 17.4 34 66 20.5 e 18 N1, R1, size, CA19e9

Cho118 2010 2001e2007 63 63 e 50 32.8 6 57 30 47 6.4 N1, R1, CA19e9, Age

Ercolani119 2010 1988e2008 103 80 77 62 48 12.5 55.5 29 33 16.6 Year of operation

Saxena120 2010 1990e2009 57 40 70 48 28 35 e 28 e 30 N1, CA19e9, UICC stage, grade

Ellis121 2011 1998e2009 31 31 e 31 NR 6 e e e 48 R1

Ribero57 2012 1990e2008 434 434 e 47.1 32.9 32.3 90.2 36.9 48.6 15.4 N1, multiple tumors, elevated
CA19e9

Ali122 2012 1997e2011 121 121 e 46 25 NR e 28 e 4 N1, R1

AJCC, American Joint Committee on Cancer; N1, nodal metastasis; NR, not reported; R1, positive surgical margin; UICC, Union Internationale Contre le Cancer; VI, vascular invasion.
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Appendix 2. Chemotherapy and its Efficacy in Clinical Studies

First author Year Regimen Total, n BD GB ICC DCR, % ORR, % Toxicityy
Median overall

survival, mo* ICC

Ellis123 1995 5FU þ cisplatin þ epirubicin 25 14 11 65 40 þ 11

Ducreux82 1998 5FU þ cisplatin 25 14 11 6 72 24 þ/þþ 10

Choi124 2000 5FU þ FA 28 19 9 53.6 32.1 þ 6

Taieb125 2002 5FU þ cisplatin 29 19 10 13 72 34 þþ 9.5

Patt126 2001 PIAF (cisplatinþIFNa-2B,
adriamycin, 5FU)

41 22 19 49.1 21.1 þþþ 14

Nehls127 2002 5FU-oxaliplatin-FA 16 9 7 7 56.6 19 þ 9.5

Rao128 2005 5FU-Epirubicin-cisplatin 23 13 14 65 19 þþ 9.2

5FU-etoposide-FA 23 15 12 60 16 þþþ 12

Papakostas129 2001 Docetaxal 25 9 16 44 20 þþ 8

Patt130 2004 CAP 26 18 8 46 19 þ 9

Nehls131 2008 CAP-oxaliplatin 66 38 27 18 65, 33* 20, 0* þþ 9.5, 5.2*

Raderer84 1999 5FUþFAþMMC 20 10 7 10 70 20 þ 9.5

Gemcitabine 19 14 5 8 37 16 þ 6.5

Kubicka85 2001 Gemcitabine 23 23 0 - 30 þ NR

Gebbia132 2001 Gemcitabine 18 6 12 50 22 þ 8

Gemcitabine þ 5FU 22 12 10 59 36 þþ 11

Kuhn133 2002 Gemcitabine-docetaxel 43 17 26 67 9 þþþ 11

Hsu134 2004 Gemcitabine-5FU-FA 30 25 5 16 67.8 21.4 þþþ 4.7

Kornek135 2004 gemcitabine-MMC 25 18 7 56 20 þ/þþ 6.7

CAP-MMC 26 19 7 65 31 þ/þþ 9.3

Cho136 2005 Gemcitabine-CAP 44 37 7 14 66 32 þ 14

Kiba86 2006 Gemcitabine 22 22 0 6 63, 50* 5, 0* þ 8.3

Lee88 2006 Gemcitapine-cisplatin 24 24 70 20 þ 9.3

Park137 2005 Gemcitabine 23 15 8 9 61 26 þ 13.1

Andre90 2004 Gemcitabine-oxaliplatin 56 37 19 29 58 33 þ/þþ 15.4

Knox89 2005 Gemcitabine-CAP 45 23 22 73 31 þ 14

Thongprasert138 2005 Gemcitabine-CAP 40 39 1 60 27.5 þ 9

Riechelmann139 2007 Gemcitabine-CAP 75 48 27 78 29 þ 12.7

Koeberle140 2008 Gemcitabine-CAP 44 36 8 25 þ 13.2

Sasaki141 2009 gemcitabine-S-1 35 21 14 14 83 34 þþ 11.6

Okusaka93 2010 Gemcitabine 42 25 17 14 50 11.9 þ 7.7

Gemcitabine-cisplatin 41 22 15 14 68 19.5 þþ 11.2

Valle92 2010 Gemcitabine 200 114 76 72 15 þ 8.1

Gemcitabine-cisplatin 202 122 73 81 30 þþ 11.7

Safran142 2008 Lapatinibþ gemox or gemcitabine 7 28 þþ
(Continued)
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