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Abstract

Cholangiocarcinoma is the most frequent biliary malignancy. It is difficult to diagnose owing to its
anatomic location, growth patterns and lack of definite diagnostic criteria. Currently,
cholangiocarcinoma is classified into the following types according to its anatomic location along
the biliary tree: intrahepatic, perihilar or distal extrahepatic cholangiocarcinoma. These
cholangiocarcinoma types differ in their biological behavior and management. The appropriate
stratification of patients with regard to the anatomic location and stage of cholangiocarcinoma is a
key determinate in their management. Staging systems can guide this stratification and provide
prognostic information. In addition, staging systems are essential in order to compare and contrast
the outcomes of different therapeutic approaches. A number of staging systems exist for
cholangiocarcinoma—several early ones have been updated, and new ones are being developed.
We discuss the emerging diagnostic criteria as well as the different staging systems for
cholangiocarcinoma, and provide a critical appraisal regarding these advances in biliary tract
malignancies.

Introduction

Cholangiocarcinoma is the most common primary malignancy of the biliary tract.! This
cancer has been classified as either intrahepatic or extrahepatic, with the second-order bile
ducts acting as the separation point.2 Classically, extrahepatic cholangiocarcinoma has been
divided into perihilar and distal extrahepatic cholangiocarcinoma at the level of the cystic
duct. This anatomical landmark to distinguish these two types of extrahepatic
cholangiocarcinoma was somewhat randomly chosen, and the usefulness of this could be
debated given the interindividual variation in the insertion point of the cystic into the
common bile duct. However, in our opinion, perihilar and distal extrahepatic
cholangiocarcinoma should be viewed as independent entities because of their distinct
biology and management (Figure 1). In this classification, we include the second-order
branches of the bile ducts within the perihilar diagnostic classification.

Perihilar cholangiocarcinoma is the most common type of cholangiocarcinoma, followed by
the distal extra-hepatic and then the intrahepatic forms.3 The incidence of intrahepatic
cholangiocarcinoma has increased over the past three decades while the incidence of
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perihilar and distal extrahepatic cholangiocarcinoma has remained stable; 1 the reasons for
this are not understood. The prognosis of this malignancy is dismal owing to its silent
clinical character, difficulties in early diagnosis and limited therapeutic approaches; median
survival is less than 24 months. Surgical management is the only potentially curative
treatment, but is limited to early-stage disease. Several staging systems exist but the majority
of these have proven insufficient for stratifying patients in alignment with therapeutic
options. They also lack prognostic accuracy and/or external validation. Hence, there is an
urgent need for new staging systems that will enable optimal therapeutic allocation and
prognostication. We review the diagnostic criteria for cholangiocarcinoma and discuss
different staging systems, including old ones as well as newly developed systems.

Diagnostic criteria

Cholangiocarcinoma is difficult to diagnose owing to its silent clinical character, the low
specificity of most diagnostic modalities and the lack of absolute diagnostic criteria. The
majority of patients with cholangiocarcinoma develop symptoms only at an advanced stage
of disease, and the clinical presentation depends upon tumor stage, tumor location and
growth pattern. Diagnosis requires a high level of suspicion in the appropriate clinical
setting and a confirmatory constellation of clinical, laboratory, endoscopic and radiologic
data. The majority of patients with cholangiocarcinoma develop this malignancy de novo.
However, certain conditions and risk factors have been associated with an elevated risk of
developing the disease (Box 1). Primary sclerosing cholangitis (PSC) is the most well-
known of these conditions and is associated with a prevalence of cholangiocarcinoma of 5-
15%.° In patients with any of these conditions, symptoms and clinical signs associated with
cholangiocarcinoma should prompt an aggressive diagnostic work-up as outlined below.

Intrahepatic cholangiocarcinoma

The Liver Cancer Study Group of Japan (LCSGJ) used retrospective data from 245 patients
to distinguish three macroscopic growth types for intrahepatic cholangiocarcinoma: mass-
forming type; periductal-infiltrating type; and intraductal-growth type (Figure 2).6 The
mass-forming type is defined as a definite mass located in the liver parenchyma and is the
most common form of intrahepatic cholangiocarinoma.” The mass-forming type tends to
invade the hepatic parenchyma via the portal venous system and invades lymphatic vessels
at advanced stages.® The periductal-infiltrating type is described as extending mainly
longitudinally along and within the bile duct, often resulting in dilatation of the peripheral
bile ducts. The periductal-infiltrating type tends to spread along the Glisson sheath via the
lymphatic vessels. The intraductal-growth type proliferates towards the lumen of the bile
duct like an intraductal tumor thrombus; this form of cholangiocarcinoma often has papillary
growth characteristics. Tumors not following any of these criteria are grouped into a fourth
category as ‘undefined’. Tumors with more than one of the above described growth types
are described by the corresponding descriptions connected by ‘+’ (for example, mass-
forming + periductal-infiltrating).® Evidence indicates that the mass-forming + periductal-
infiltrating type has a worse prognosis than other types, with higher rates of recurrence
following resection.®10 The American Joint Cancer Committee/Union for International
Cancer Control (AJCC/UICC) classifies cholangiocarcinoma into the mass-forming,
periductal-infiltrating and a mixed type but not the intraductal-growth type.11

Clinically, intrahepatic cholangiocarcinoma presents with unspecific symptoms such as
abdominal pain, malaise, night sweats and cachexia.12 Makuuchi and colleagues have
suggested that primary hepatic malignancies can be identified correctly on the basis of
imaging data.13 In our experience, intrahepatic cholangiocarcinoma is the most common
etiology of primary, malignant intra-hepatic mass lesions in the absence of other primary
solid malignancies or cirrhosis. Several imaging modalities are being used in the evaluation

Nat Rev Gastroenterol Hepatol. Author manuscript; available in PMC 2012 April 20.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Blechacz et al.

Page 3

of primary hepatic masses.1 CT and MRI are both helpful for the detection of the primary
tumor but both imaging techniques have low specificity.1® The sensitivity and image quality
of MRI can be increased by the use of ferumoxide enhancement, although this agent is no
longer available commercially.16:17 In particular, dynamic CT or MRI can help to
distinguish intrahepatic cholangiocarcinoma from hepatocellular carcinoma (HCC). Up to
81% of intrahepatic cholangiocarcinomas are characterized by a progressive contrast uptake
throughout the arterial and venous phase, and especially in the delayed venous phase
images; this feature is in contrast to HCC, which is characterized by rapid contrast
enhancement during the arterial phase and prompt washout in the delayed venous phase.18
MRI and CT are comparable in the detection of satellite lesions but CT is preferable for the
depiction of vascular encasement.1® The sensitivity of PET for the detection of mass-
forming intra-hepatic cholangiocarcinoma of >1 cm diameter has been reported as 85-95%,
with a sensitivity of 100%; its sensitivity and specificity for detection of nodal and distant
metastatic disease is 100% and 94%, respectively.20

In problematic cases, determination of the serum CA 19-9 concentration can be helpful.
However, the sensitivity and specificity of this biomarker for intrahepatic
cholangiocarcinoma is only 62% and 63%, respectively, and should, therefore, only be used
for further confirmation. Other serum markers, such as serum cytokeratin-19 fragment
(CYFRA 21-1) and CA242, have been reported to have higher specificities than CA 19-9 for

intrahepatic cholangiocarcinoma in a limited number of studies, but are not in routine
21-23
use.

It should be emphasized that imaging is not always reliable for the diagnosis of some
intrahepatic cholangiocarcinomas. For instance, intrahepatic cholangiocarcinomas <2 cm in
size mimic HCC because of the absence of the progressive enhancement pattern.® The need
for a liver biopsy and a histopathologic diagnosis depends upon the clinical setting and
preoperative imaging. In patients with cirrhosis and an indeterminate lesion within Milan
criteria, a biopsy is justified because the distinction between HCC and cholangiocarcinoma
changes management (patients with intrahepatic cholangiocarcinoma should not undergo
liver transplantation) and could thus have an important effect on outcome. In noncirrhotic
patients who qualify for surgery, a liver biopsy may not be required if a decision has been
made to proceed with surgical resection. However, in patients who are not candidates for
surgical treatment and, therefore, curative treatment, a liver biopsy is usually performed
before initiation of systemic therapy.

According to the AJCC/UICC!! and WHO classification systems,24 intrahepatic
cholangiocarcinoma can arise from biliary epithelia at any portion of the intrahepatic biliary
system, from the segmental bile ducts (lined by mucin-producing cylindrical cells) to the
ductules (lined by cuboidal cholangiocytes without mucin production).2526 Mucin-
producing cells can give rise to mucin-producing tubular adenocarcinoma with or without
micropapillary structures (Figure 3a).24 These features are also observed in perihilar
cholangiocarcinoma and distal extrahepatic cholangiocarcinoma, as their tumor locations
(liver hilar bile duct and extrahepatic bile duct) are lined with a similar phenotype of
cholangiocytes. On the other hand, ductular-related intrahepatic cholangiocarcinoma can
present with mixed hepatocellular and/or cholangiocellular features, since ductules are
composed of hepatic progenitor cells capable of differentiating to both hepatocytes and
cholangiocytes.2” For example, cholangiolocellular carcinoma, which is thought to originate
from ductules, presents with mixed histopathological features, including both an HCC-like
area and a mucin-producing cholangiocarcinoma area (Figures 3b and 3c).2” Imaging these
cancers shows mixed histopathological features indicating both HCC and
cholangiocarcinoma patterns.28:29 In addition, cholangiocellular carcinoma can occur in
chronic liver disease conditions, and mimicking the HCC image pattern can lead to
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problems for preoperative diagnosis. Thus, there is a need to address the issue of
preoperative diagnosis of intrahepatic cholangiocarcinoma.

Other rare histologic types have been included in the 7" edition of the AJCC/UICC staging
system (Box 2).11 However, it is questionable if these should be included in the same
category as cholangiocarcinoma as these malignancies originate from different cell types
and can, therefore, be expected to display different biologic behavior. Hence, prognostic
information observed in adenocarcinomas might not be reliable in these cancers. The
accuracy of distinguishing metastatic adenocarcinomas can be improved by
immunoprofiling with a combination of cytokeratin (K) 7 and K20 immuno-histochemical
staining.30:31 However, metastatic liver tumors, especially from pancreatic cancers, are still
challenging to diagnose. The use of liver biopsy is limited by its potential complications,
including hemorrhage and tumor spread, as well as by its frequently unspecific
histopathology. Makuuchi and colleagues have suggested that the diagnosis of an
intrahepatic cholangiocarcinoma can be made with up to 100% accuracy based upon a
combination of clinical presentation, laboratory analysis and radiologic evaluation.13
However, the Barcelona liver cancer group have presented the diagnostic problem that
intrahepatic cholangiocarcinoma in patients with cirrhosis is difficult to diagnose
radiographically,18:32 requiring histopathology for definitive diagnosis.

In summary, clinically, intrahepatic cholangiocarcinoma can be assumed on the basis of its
venous phase contrast enhancement on dynamic imaging in the absence of other,
extrahepatic primary malignancies and cirrhosis. Tumor markers such as CA 19-9 can be
used for additional evidence but are not sufficient for diagnosis. However, for a definitive
diagnosis of intrahepatic cholangiocarcinoma, a histological diagnosis is required.
Intrahepatic cholangiocarcinoma arising from ductules may present with mixed histological
and imaging features of both HCC and cholangiocarcinoma. Patients with intrahepatic
cholangiocarcinoma or mixed HCC/intrahepatic cholangiocarcinoma should not undergo
liver transplantation because of the risk of suboptimal outcomes.33 A diagnostic approach
for intrahepatic cholangiocarcinoma is depicted in Figure 4.

Perihilar cholangiocarcinoma

Although the definition of intrahepatic cholangiocarcinoma is the same in both the UICC11
and WHO classification,24 the definition of perihilar cholangiocarcinoma differs between
the two. According to the UICC classification,1! perihilar cholangiocarcinoma is proximally
separated from intrahepatic cholangiocarcinoma by the second-order bile ducts, and is
distally separated from distal extrahepatic cholangiocarcinoma by the insertion of the cystic
duct into the extrahepatic biliary tree. By contrast, the WHO classification defines hilar
cholangiocarcinoma, often called ‘Klatskin tumor’, as arising from the right and left hepatic
ducts at or near their junction, but does not include the level of cystic bile duct insertion.24
On the other hand, perihilar intrahepatic cholangiocarcinoma defined by the WHO
classification corresponds to intrahepatic cholangiocarcinoma arising from the intrahepatic
large bile ducts. These definitions are confusing. Given the differences in biology and
management, we believe perihilar cholangiocarcinoma is a separate entity from intrahepatic
cholangiocarcinoma and distal extrahepatic cholangiocarcinoma.

Macroscopically, perihilar cholangiocarcinoma can display an exophytic or an intraductal
growth pattern, with the former either displaying a nodular or a periductal-infiltrating
anatomy.3* The periductal-infiltrating form of this cancer is the most common; as the tumor
progresses it looses its tropism for bile and then forms a mass-forming + periductal-
infiltrating lesion. Histopathologically, the majority of perihilar cholangiocarcinomas are
adenocarcinomas that are moderately to well differentiated with mucin production and
abundant fibrous stroma.3>-37 Perihilar cholangiocarcinoma often spreads by perineural
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invasion and lymph node involvement (Figure 3d). As perihilar cholangiocarcinoma
involves the main bile duct, intrahepatic cholangitis and/or secondary sclerosing-cholangitis-
like features are seen in the nontumoral liver tissue. In addition, 90% of patients with
perihilar cholangiocarcinoma clinically present with biliary problems such as painless
jaundice, and 10% of patients present with cholangitis.38-3° Therefore, perihilar
cholangiocarcinoma can be diagnosed earlier and at a smaller size than intrahepatic
cholangiocarcinoma. Systemic signs of malignancy (that is, weight loss, anorexia and
fatigue) are observed in up to 56% of patients with perihilar cholangiocarcinoma at
presentation.39 Unilateral hepatic lobe hypertrophy with contralateral hepatic lobar atrophy,
which is known as a hypertrophy—-atrophy complex, is secondary to unilobar biliary
obstruction often with ipsilateral vascular encasement. On physical examination, this may
present as a palpable prominence of one hepatic lobe.*? Patients presenting with the above
signs and symptoms—in particular, in patients with known risk factors as outlined in Box 1
—should be evaluated for cholangiocarcinoma. Figure 5 presents an algorithm for the
management of patients who present with a malignant hilar biliary obstruction. Laboratory
analysis is mostly unspecific and reflects the associated cholestasis and cholangitis.*!
Immunoglobulin G4 (1gG4) cholangiopathy should be ruled out by evaluation for increased
IgG4 in serum and biliary samples.*2 Tumor markers, in particular serum CA 19-9
determination, can be helpful in cases of indeterminate biliary strictures but are not
diagnostic. Serum CA 19-9 levels can be increased in patients with cholangitis, which can
be surprisingly indolent in patients who have biliary stents in place.3 In patients with PSC,
the sensitivity and specificity of CA 19-9 is 79% and 98%, respectively, at a serum
concentration of >129 U/ml.#4 In patients who do not have PSC, a CA 19-9 serum
concentration of >100 U/ml has a sensitivity of 76% and a negative predictive value of 92%
compared with patients who have benign strictures.#> Of note, 10% of individuals lack the
Lewis antigen and do not produce CA 19-9, and occasionally tumor cells lose the ability to
express a tumor marker.46

Radiologic evaluation is critical for detection and evaluation of tumor extent, as well as for
preoperative planning. In the past, the use of CT was limited due to its low accuracy.*
However, technical advances, such as multidetector technology and multiphase scanning,
have significantly improved the accuracy of CT in perihilar cholangiocarcinoma.l® The
accuracy for detection of portal vein involvement has been reported to be up to 87% and for
arterial involvement as high as 93%.48 The accuracy of CT in the assessment of resectability
has been reported as 60-88% with negative predictive values of 85-100%.4%:50 However, its
sensitivity for detection of regional lymph node metastases is only 54% and CT tends to
underestimate the extent of the proximal tumor.1948:51 Magnetic resonance
cholangiopancreatography (MRCP) is the imaging modality of choice for perihilar
cholangiocarcinoma. Its accuracy in assessing local extent and resectability is up to 95%,
and is comparable to endoscopic retrograde cholangiopancreaticography (ERCP).52-55
However, its accuracy in the assessment of vascular involvement and hepatic parenchyma
invasion is only 67-73% and 75-80%, respectively.>354 The sensitivity and specificity of
PET for perihilar cholangiocarcinoma is only 69% and 67%, respectively; for the detection
of regional lymph node metastases, its sensitivity is 13-38%.51:56 The role of PET is further
limited due to false-positive results in the setting of inflammation and false-negative results
due to the high desmoplastic reaction that occurs in these tumors.14 Invasive diagnostic
tests, such as ERCP, percutaneous transhepatic cholangiography (PTC) and endoscopic
ultrasonography (EUS), have an important diagnostic and therapeutic role in perihilar
cholangiocarcinoma. ERCP and PTC allow assessment of strictures, sampling of biliary
epithelial cells and therapeutic dilatation and stent placement. EUS has the highest
sensitivity for the assessment of regional lymphadenopathy and allows fine needle aspiration
of suspicious lymph nodes; however, the primary tumor should not be biopsied as discussed
below.38
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A tissue diagnosis of perihilar cholangiocarcinoma is difficult for several reasons. First,
techniques for sampling the biliary tree, usually endoscopically directed brushings,
frequently provide only a limited number of cells such that sampling errors can result in
false-negative results. Also, desmoplasia limits the number of cells obtained by brush
cytology. Hence, the sensitivity of conventional cytology in perihilar cholangiocarcinoma is
approximately 20%.57 The vast majority of perihilar cholangiocarcinomas are periductal,
infiltrating cancers, and as such do not demonstrate mass lesions on cross-sectional imaging
studies. The lack of a mass lesion precludes percutaneous biopsy techniques. Even in the
presence of a hilar mass, we discourage percutaneous or EUS-guided biopsies of primary
lesions in patients who are potential candidates for treatment with curative intent because of
the potential for tumor spread. For example, the Mayo Clinic transplant protocol for
perihilar cholangiocarcinoma excludes patients who have undergone biopsy of the primary
tumor. Given the limitations of conventional cytology, additional cytologic approaches are
needed to diagnose this cancer. Chromosomal analysis using fluorescent in situ
hybridization (FISH) has been established as an additional test for biliary tissue samples,
with a resulting sensitivity of 47% and a specificity of 97% for detection of
cholangiocarcinoma in patients with PSC.58 In FISH analysis, three subsets of chromosomal
amplification can occur: trisomy 7; tetra-somy or duplication of all chromosomes labeled;
and polysomy or amplification of at least two chromosomes beyond tetrasomy. Polysomy is
observed in up to 77% of cholangiocarcinoma cases,>® and we consider the combination of a
dominant stricture and polysomy as a diagnostic criteria for this disease. Trisomy 7
describes an amplification of chromosome 7 alone; it is frequently observed in inflammatory
conditions and, although not diagnostic for cholangiocarcinoma, it is associated with an
increased risk of its development over time and warrants close follow-up. Tetrasomy must
be interpreted with caution, because high mitotic rates yield tetrasomy during the M phase of
the cell cycle.

In summary, the diagnostic criteria for perihilar cholangiocarcinoma consist of a
constellation of different clinical data. These include a dominant stricture in the perihilar
biliary tree with either the presence of adenocarcinoma cells revealed by conventional
cytology and/or polysomy on FISH analysis of cytologic specimens. In the absence of
cytologic abnormalities— a frequent problem in the clinical setting owing to the low
sensitivity of cytologic techniques and sampling errors—a hilar mass on axial imaging with
an associated biliary stricture, and/or hypertrophy—atrophy complex can also serve as a
combination diagnostic for perihilar cholangiocarcinoma. Vascular encasement is almost
always a malignant feature. Serum levels of CA 19-9 can help to provide further evidence
but are not sufficient as a sole diagnostic criterion; very high serum levels of this marker in
the absence of cholangitis can be indicative of metastatic disease (for example, peritoneal
carcinomatosis).

Distal extrahepatic cholangiocarcinoma

Distal extrahepatic cholangiocarcinomas are defined as growing along the common bile duct
between the cystic duct and the ampulla of Vater; however, they are clearly separated from
ampullary carcinomas. Histologically, they are predominantly well-to-moderately
differentiated adenocarcinomas.24 The latest WHO classification proposes two types of
precursor lesions; intraductal papillary neoplasms and biliary intraepithelial neoplasia
(BilIN).24 Clinically, distal cholangiocarcinomas present similarly to perihilar
cholangiocarcinoma—causing symptoms of cholestasis and cholangitis.36:60 Although
jaundice, abdominal pain and weight loss are observed at equal rates for perihilar and distal
extrahepatic cholangiocarcinoma, fever is more common in perihilar cholangiocarcinoma.*!
Lymph node metastases are less common than in perihilar cholangiocarcinoma.28 In most
clinical studies evaluating diagnostic modalities, perihilar and distal extrahepatic
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cholangiocarcinoma have been grouped together as extrahepatic cholangiocarcinoma.
Therefore, there are no studies evaluating the different tumor markers and radiologic
modalities for distal extrahepatic cholangiocarcinoma as a separate entity. Given the similar
clinical presentation, we apply the same diagnostic criteria described above for perihilar
cholangiocarcinoma. However, we stress that perihilar cholangiocarcinoma and distal
extrahepatic cholangiocarcinoma are separate entities in their biology and treatment, and
should, therefore, be treated as such.

In summary, the diagnosis of distal extrahepatic cholangiocarcinoma requires the presence
of a dominant stricture and a positive cytology for adenocarcinoma cells and/or polysomy on
FISH. Mass lesions are unusual in this type of cholangiocarcinoma.

Staging of cholangiocarcinoma

The purpose of staging systems for malignancies is to provide information on the prognosis
and natural history of a malignancy, guidance for therapy, and standardization of
malignancy stage for treatment trials and in order to objectively compare therapies among
various institutions and over time.%1 The prognostic factors and the therapeutic approaches
to cholangiocarcinoma differ depending upon their location along the biliary tree. Unilateral
intrahepatic cholangiocarcinomas are preferentially treated with resection while perihilar
cholangiocarcinomas are either treated by resection if they are unilateral or by liver
transplantation in selected cases with bilateral hepatic duct involvement. Distal extra-hepatic
cholangiocarcinomas frequently require pancreaticoduodenectomy (Whipple procedure),
although in rare cases mid common bile duct cancers can be resected without a Whipple
procedure.38 Identification of the tumor stage and allocation to the optimal treatment
approach is important for this aggressive malignancy for which surgery is the only
potentially curative treatment. Inaccurate staging can result in inappropriate selection of a
treatment option that either deprives patients of a potentially curative procedure or exposes
them to unnecessary morbidity and mortality.

Intrahepatic cholangiocarcinoma

For intrahepatic cholangiocarcinoma, statistically significant prognostic factors confirmed
on multivariate analysis include tumor number and differentiation, lymph node metastases,
and vascular invasion.62:63 Past staging systems (for example, the 6! and earlier editions of
the UICC/AJCC staging system) derived their criteria from HCC and therefore also included
tumor size as a prognostic factor. However, tumor size as an independent prognostic factor
is controversial. Tumor size of >5 cm has been shown by several studies to be an
independent prognostic factor for survival.53-66 However, several other studies have
reported that tumor size is not an independent predictor for survival on multivariate
analysis.37:6267 Regional lymph node metastases are an independent predictor of survival
and are, therefore, included in all staging systems. A preoperative serum CA 19-9 level of
>135 U/ml was reported as a predictor for survival and lymph node metastases on
multivariate analysis.6” The number of involved lymph nodes has been shown to be
important only on univariate analysis but not on multivariate analysis.6” A ratio of positive
to total harvested lymph nodes of more than 0.2 was suggested as a prognostic factor for
overall and recurrence-free survival.53

Three staging systems exist: the AJCC/UICC TNM staging system,’ the LCSGJ,% and the
National Cancer Center of Japan (NCCJ) staging system by Obayashi er /.58 The major
difference between these staging systems lies in the T-staging approach. Most recently, the
AJCC/UICC staging system has been revised to its 7t version (Supplementary Box 1
online). The main criticism of the 6! edition was its unspecific application of a staging
system originally developed for HCC to intrahepatic cholangiocarcinoma. In particular,
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tumor size as a criterion is problematic, as discussed above. As a result, Nathan et a/.
demonstrated that the 6! edition of the AJCC staging system was shown to be unable to
distinguish prognostically T2 from T3 tumors.” In the same study, tumor number and
vascular invasion were found to be significant prognostic markers; additive or synergistic
prognostic effects of these factors were not observed. Also, lymph node status had
prognostic value for survival—patients with more than three involved lymph nodes have a
worse prognosis. The validity of the 71" edition AJCC/UICC staging system for intra hepatic
cholangiocarcinoma was confirmed in a study that showed significant stage—survival
correlation in non-metastatic intrahepatic cholangiocarcinoma in comparison with earlier
editions and the NCCJ staging systems.®® However, the study was a multicenter,
retrospective study with the inherent weaknesses of such an analysis.

The LCSGJ developed another staging system based upon their analysis of prognostic
factors in 136 cases of mass-forming intrahepatic cholangiocarcinoma.® Their multivariate
analysis showed the following factors to be adverse prognostic factors: tumor size >2 cm;
more than one tumor nodule; and vascular and/or serosal membrane invasion. On the basis
of these factors, the LCSGJ staging system was developed (Supplementary Box 2 online).
However, several studies have shown that the T stages in this staging system are not
correlated with survival, and omission of serosal invasion improved that correlation; thus,
the staging system has been modified.”-70

In 2001, Obayashi et al. from the NCCJ proposed a new staging system for mass-forming
intrahepatic cholangiocarcinoma (Supplementary Box 3 online).%® This staging system is
based on a multivariate analysis that showed the following factors to be independent
prognostic factors: hepatic regional lymph nodes metastases; multiple tumor nodules;
symptomatic tumor burden; and vascular invasion.58 It is similar to the 7t edition UICC/
AJCC staging system in incorporating tumor number and vascular invasion but not tumor
size. However, the study included only 60 patients and the scoring system has not been
externally validated.

The 6! edition AJCC/UICC, the LCSGJ and the NCCJ staging systems have been
compared.” The 6™ edition of the AJCC/UICC system was found to be unable to stratify
patients with T2 and T3 tumors to prognostically distinct groups. The LCSGJ system was
found to provide no difference in survival between all T stages, although information on
serosal invasion—the T4 stage in the LCSGJ system—uwas not available for the patients
included in this comparative analysis. The same authors proposed a new T-staging system
by combining the AJCC/UICC T2 and T3 stage to one T stage (sT2), maintaining the T1-
stage definition (sT1) and changing the AJCC/UICC T4 stage to sT3; N staging and M
staging remained unchanged. The corresponding stages were defined as stage | (STLNOMO),
stage Il (ST2NOMO), stage 111 (ST3NOMO or NIMO with any sT) and stage 1V (M1 with any
sT and N). This system is based upon the observation that there is no significant difference
in survival between patients with a single tumor with vascular invasion versus patients with
multiple tumors regardless of vascular invasion. Using Cox hazard proportional hazard
model analysis, the four systems were compared based upon their T-stage classification and
their overall stage grouping. In regard to the T staging, the proposed simplified AJCC/UICC
and the Obayashi staging systems performed comparably but were superior to the LCSGJ
system. However, in the overall stage grouping they all performed similarly with ¢-indices
between 0.65 and 0.68.

Most recently, Sotiropoulos et al. found gender, AJCC/UICC stage and RO resection to be
the only independent predictors of survival on multivariate analysis and proposed a new
scoring system.”1 On the basis of these criteria, they used a prognostic scoring system
allocating one point for advantageous prognostic factors and two for disadvantageous ones
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(female = 1, male = 2; stage I-11+ = 1, stage I1I-1V = 2; RO = 1, R1 = 2). Prognostic
stratification into groups with <5 and >5 points was found to be significant for survival on
internal and external validation. A second preoperative clinical scoring system was
developed using gender, CA 19-9 levels (100 U/ml cut-off for advantageous versus
disadvantageous factor) and macro vascular invasion as prognostic factors. However, the
patient sample size was relatively small (80 patients) and these scoring systems do not
include well-established factors such as vascular invasion and tumor humbers.

In summary, none of the existing staging systems fulfills the criteria of an optimal staging
system. In particular, the LCSGJ staging system is inadequate owing to the lack of
correlation between the T stages and survival. The 7t edition AJCC/UICC staging system
requires histologic evaluation for the T is (carcinoma /7 sifi) and T4 stages, and is therefore
not reliable for preoperative staging. The proposed staging system by Sotiropoulos et a/.
largely relies on nonestablished prognostic factors and does not include the majority of the
established ones. The NJCC staging system includes all established independent, prognostic
factors, and enables preoperative staging but, similar to the other systems, has only a
suboptimal correlation with survival. Hence, none of the existing staging systems can be
recommended for prognostic information. Similarly, none of these staging systems has
demonstrated that they are sufficiently able to stratify patients to treatment arms. Clearly,
more work is necessary to optimize the staging systems for intrahepatic
cholangiocarcinoma.

Perihilar cholangiocarcinoma

Widely recognized independent prognostic factors for perihilar cholangiocarcinoma include
lymph node metastatic status, tumor differentiation and RO resection.”2=74 Several studies
also suggest that performance status, comorbidities, and albumin and bilirubin levels are
independent prognostic factors.3%.75.76 perihilar cholangiocarcinoma is the only type of
cholangiocarcinoma that can be treated by liver transplantation with neoadjuvant
chemoradiation therapy. Predictors of recurrence after transplantation include old age, CA
19-9 levels >100 U/ml, mass on cross-sectional imaging, tumor size >2 cm in explant,
perineural invasion and tumor grade.’’

One of the first classification systems for perihilar cholangiocarcinoma was the Bismuth—
Corlette classification, which distinguished four types of perihilar cholangiocarcinoma based
upon their perihilar extension. This system was originally developed to guide the surgical
management of patients with perihilar cholangiocarcinoma.’®79 However, this classification
system is not a staging system. Its drawbacks include a lack of information regarding
vascular encasement, local or distant metastatic spread, lymph node metastases and hepatic
lobar atrophy. Hence, this system does not yield prognostic value and does not correlate
with outcomes.’6:80 In addition, it is not applicable for patients with biliary normal variants,
such as trifurcations.

The Memorial Sloan-Kettering Cancer Center (MSKCC) staging system by Blumgart and
colleagues classifies tumors according to their location and extent of bile duct involvement
(similar to the Bismuth—Corlette classification), portal venous invasion, and hepatic lobar
atrophy (Supplementary Table 1 online).8! It was derived using data from 219 patients with
perihilar cholangiocarcinoma treated by resection and serves as a preoperative staging
system to determine resectability. Per postoperative analysis, the T stages were significantly
correlated to RO, N2 and M1 status and survival. However, 160 patients in this study were
deemed potential candidates for resection and underwent exploration; 80 of these 160
patients were found to have unresectable disease during surgery. Zervos et al. re-evaluated
an earlier Blumgart staging system and did not find a correlation between the T stages and
resectability and survival.80
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In the updated 7t edition AJCC/UICC staging system, perihilar cholangiocarcinoma is
separated from distal extrahepatic cholangiocarcinoma and staged as its own entity
(Supplementary Box 4 online). This is an important correction as intrahepatic, perihilar and
distal extrahepatic cholangiocarcinomas differ in their presentation, natural history,
management and molecular signature.38 Occasionally, there may be an overlap between
perihilar and intrahepatic cholangiocarcinoma involving the major hepatic ducts. Further
division of perihilar cholangiocarcinoma into intrahepatic cholangiocarcinoma involving the
hilum versus hilar cholangiocarcinoma has been evaluated but no stage specific survival
benefit between these two anatomical tumor types has been demonstrated; thus a further
subdivision into these two types is not recommended.82:83 Moreover, we find this distinction
—that is, intrahepatic cholangiocarcinoma involving the hilum versus perihilar
cholangiocarcinoma—to be artificial and without biologic or clinical meaning.

A new staging system for perihilar cholangiocarcinoma has been proposed (Supplementary
Table 2 online).84 This staging system is based upon published prognostic factors,
resectability criteria and personal experience. It includes size and number of the primary
tumor, local and distant metastatic disease, vascular encasement and lobar atrophy; in
addition it uses presurgical clinical parameters such as cholestasis and its response to
stenting as well as the patient's performance status. At this point, the staging system still
requires validation but, in our opinion, will be able to provide presurgical prognostic
information and guide the therapeutic approach.

Most recently, an international cholangiocarcinoma working group consisting of leaders in
the field suggested a new staging system from a surgical perspective.2 The proposed staging
classification is derived from components of the Bismuth—Corlette classification, and the
TNM and MSKCC staging systems but also includes new factors. It uses eight
characteristics for staging: tumor extent; tumor size, tumor growth type; vascular
involvement; hepatic lobar atrophy; under lying hepatic disease; lymph node metastases; and
distant metastases (Supplementary Table 3 online). Hence, this staging system is applicable
in the preoperative setting and includes established prognostic factors. However, it is rather
complicated and also includes some prognostic factors that have not been established.8! For
example, several studies have shown that tumor size is not a statistically independent
prognostic factor.81:85 Lobar atrophy has been shown to be of prognostic value in univariate
but not multivariate analysis.81 Hence, the volumetric criterion is more of a factor for
resection rather than of prognostic value. The inclusion of the macroscopic tumor growth
type is a new approach and has not been included in other staging systems; however, it has
been shown to be a predictive factor for survival 86 Additional points of criticism have
included the criteria for the vascular involvement, such as the requirement of 180 degrees
involvement and the derivation of the vascular from the biliary involvement.8” Hence, the
validity of this system will require confirmation in large prospective studies and the authors
have opened a registry in order to validate their system.

In summary, there is currently no optimal staging system for perihilar cholangiocarcinoma.
The existing ones can be helpful for the surgical decision process but either lack significant
clinical information or have been shown to be unreliable in their predictive ability to select
patients who should undergo resection. Other staging systems are prognostically unreliable.
However, new systems are under development and their validation in larger study
populations is awaited.

Distal extrahepatic cholangiocarcinoma

The 7t edition AJCC/UICC TNM staging classification is the first classification system that
has assigned a separate staging system for distal extrahepatic cholangiocarcinoma
(Supplementary Box 5 online). Distal extrahepatic cholangiocarcinoma is defined as
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involving the common bile duct from the cystic duct to the ampulla of Vater. This is an
important step as differences between these two extrahepatic forms of cholangiocarcinoma
have been shown. For example, depth of invasion and pancreatic invasion are significantly
more common in distal extra-hepatic cholangiocarcinoma.88 For distal extrahepatic
cholangiocarcinoma, tumor depth invasion, lymph node metastases, perineural, microscopic
vascular invasion as well as invasion in the pancreas, and RO resection were found to be
significant predictors of survival.”289-91 Age, gender, tumor histology and histologic
grading were not found to be statistically prognostic factors. Lymph node metastatic spread
differs between the three types of cholangiocarcinoma and is most commonly observed in
distal extrahepatic cholangio carcinoma.%? Several studies have suggested the number of
lymph nodes to be an independent prognostic factor; more than two metastatic lymph nodes
is predictive of worse outcomes.93:94

The T stage of the AJCC classification distinguishes T1 and T2 tumors based upon
microscopic tumor growth confined to the bile duct versus beyond it—a definition
frequently criticized for its vagueness. Accordingly, the AJCC/UICC T stages were not
found to be predictors of outcomes after resection of these cancers, which indicates that the
definition needs to be more precise. One study grouped tumors into three groups according
to their invasion depth: <5 mm, 5-12 mm and >12 mm. They found that tumor depth was
the strongest predictor for outcome on multivariate analysis.89 Also, T3 and T4 stages have
been redefined, with T4 describing invasion in the celiac axis and superior mesenteric artery,
and T3 describing invasion of adjacent organs but without invasion of arterial structures.
The prior AJCC/UICC distinguished T3 and T4 stages based upon invasion of different
organs; however, it was shown that with this definition of T3 and T4 was not able to
distinguish prognosis.®> Hence, the separation by the 7t edition into distal and perihilar
extrahepatic cholangiocarcinoma is a major improvement compared with prior staging
systems. Redefinition of the T stages is also a step in the right direction.

In summary, the 71" edition AJCC/UICC staging system is currently the only existing
staging system for distal extrahepatic cholangiocarcinoma. Its purpose is predominantly
prognostic and it will require additional validation. A staging system providing treatment
guidance has not been developed and is needed.

Conclusions

Cholangiocarcinoma is a devastating malignancy with an increasing incidence. It is difficult
to diagnose and frequently presents at a late stage. The diagnostic criteria described above
are derived from established data, and the proposed diagnostic approach should provide
sufficient guidance for diagnosis and management. In addition, the fact that some
intrahepatic cholangiocarcinomas that occur in chronic liver disease can mimic HCC on
imaging needs addressing. There is growing acceptance that tumors should be treated
differently according to their location. One of the weaknesses of existing staging systems is
their reliance on histopathologic criteria, which thereby limits their preoperative use.
However, important progress has been made in the modification of staging systems whose
validity will hopefully be confirmed in large prospective studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cholangiocarcinoma subtypes. Cholangiocarcinoma is classified as either intrahepatic or
extrahepatic, with the second-order bile ducts acting as the separation point. Classically,

extrahepatic cholangiocarcinoma has been divided in perihilar and distal extrahepatic

cholangiocarcinoma at the level of the cystic duct.
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Figure2.
Intrahepatic cholangiocarcinoma growth types. The Liver Cancer Study Group of Japan

(LCSGJ) used retrospective data from 245 patients to distinguish three macroscopic growth
types for intrahepatic cholangiocarcinoma: mass-forming type; periductal-infiltrating type;
and intraductal-growth type.
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Figure3.

Hi%tpathological features of mucin-producing cholangiocarcinoma and cholangiolocellular
carcinoma with mixed features. a | Well differentiated intrahepatic cholangiocarcinoma.
Tubular structure with abundant fibrous stroma. b | Cholangiolocellular carcinoma.
Ductular-reaction-like structure with fine edematous fibrous stroma. ¢ | Hepatocellular-
carcinoma-like area in cholangiolocellular carcinoma. d | Mucin-producing perihilar
cholangiocarcinoma showing perineural invasion.
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Figure4.
Algorithm for the diagnosis and management of intrahepatic cholangiocarcinoma.
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Clinical suspicion of cholangiocarcinoma
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Observation

Diagnostic criteria for perihilar and distal extrahepatic cholangiocarcinoma.
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