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Chapter 1

BACKGROUND
Cholangiocarcinoma is a rare malignancy originating from the epithelial cells of the bile
ducts. The age-standardized incidence rate of cholangiocarcinoma in Western countries
ranges from 0.5 – 1.5 per 100.000 person-years.1 Cholangiocarcinoma can arise anywhere
along the biliary tree. The American Joint Committee on Cancer distinguishes three types
of cholangiocarcinoma based on its anatomic location and developed three separate staging
systems: intrahepatic, perihilar (hilar) and distal cholangiocarcinoma.2 (Figure 1 in chapter
2). This classification is important because at each level the tumor has distinct morphological
features and often requires a different surgical approach.3,4 Hilar cholangiocarcinoma is
the most frequent type of cholangiocarcinoma, accounting for 60-70% of cases, followed
by distal (20-30%) and intrahepatic tumors (5-10%).5 It is difficult to provide accurate
epidemiological data for the different types of cholangiocarcinoma because the second version
of the International Classification of Diseases for Oncology (ICD-O) has misclassified hilar
cholangiocarcinoma as intrahepatic instead of extrahepatic tumors. However, it is clear that
the overall incidence of cholangiocarcinoma is rising worldwide.6
Cholangiocarcinoma exhibits three basic growth patterns: (a) mass-forming, (b)
sclerosing, also known as periductal infiltrating, or (c) intraductal growing. Recently, much
progress has been made in the study of premalignant cholangiocarcinoma lesions.7 It has
been demonstrated that pre-invasive lesions such as biliary intra-epithelial neoplasm (BilIN),
intraductal papillary neoplasm of the bile duct (IPNB), and mucinous cystic neoplasm
(MCN) are important for the development and progression of sclerosing and intraductal
growing cholangiocarcinoma. These premalignant lesions are found in the intrahepatic and
extrahepatic bile ducts and, in the case of BiIIN, also in the peribiliary glands. A pre-invasive
lesion of intrahepatic mass-forming cholangiocarcinoma has not yet been found. However,
there are indications that stem cells/hepatic progenitor cells are involved in the tumorigenesis
of some types of intrahepatic cholangiocarcinoma.8
Cholangiocarcinoma can remain unnoticed for a long period of time. Intrahepatic tumors
may become apparent when tumors reach a certain size producing right upper quadrant
pain but can also be found incidentally during medical investigation. Hilar and distal tumors
cause symptoms when the biliary flow is obstructed resulting in jaundice or cholangitis.
When patients present with symptoms, the medical team is put to the task to confirm the
diagnosis and propose a treatment. Intrahepatic and distal tumors are usually diagnosed by
10
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Figure 1. Bismuth-Corlette classification of hilar cholangiocarcinoma10. Type I grows in the common hepatic
duct below the level of the biliary confluence. Type II involves the biliary confluence. Type IIIA and IIIB involve
the biliary confluence and extend to the segmental bifurcation of the right (IIIA) or left (IIIB) hepatic duct. Type IV
involves the segmental bifurcation bilaterally. (see color image at page 146)

percutaneous or endoscopic biopsies and the treatment consists of resection of the affected
liver lobes or pancreatoduodenectomy respectively. Hilar cholangiocarcinoma however, is
known for its difficult diagnosis and treatment. Therefore, the focus of the thesis is on hilar
cholangiocarcinoma.
Hilar cholangiocarcinoma arises at the confluence of left and right hepatic duct. The

11
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proximal extent of the disease is classified according to Bismuth-Corlette, originally described
by Henri Bismuth and Marvin Corlette in 1975.9 (Figure 1).
Hilar cholangiocarcinoma is usually not a bulky tumor but infiltrates the bile duct wall
longitudinally (sclerosing, periductal-infiltrating type). It extends along the mucosa and
submucosal spaces with perineural, lymphatic and vascular infiltration.3,11 The tumor appears
on endoscopic retrograde cholangiopancreatography (ERCP) and magnetic resonance
cholangiopancreatography (MRCP) as an irregular stricture. Obtaining pathological
confirmation of the disease is difficult because of an intense desmoplastic reaction (fibrosis)
around the tumor, resulting in negative endoscopic biopies.
The only curative treatment for hilar cholangiocarcinoma is radical surgical resection
consisting of extrahepatic bile duct resection with partial liver resection. In case of involvement
of vascular structures within the hepatoduodenal ligament, the procedure can be combined
with hepatic artery or portal vein resection and reconstruction. These are major procedures
accompanied by high morbidity and mortality rates. To decrease the risk of postoperative
liver failure, percutaneous portal vein embolization of the branch supplying the side of the
tumor can be performed to induce hypertrophy of the future liver remnant. Another technique
that uses the regenerative capacity of the liver is the ALPPS procedure (Associated Liver
Partition and Portal vein ligation for Staged hepatectomy) in which a two-staged hepatectomy
is performed.12 During the first stage, the liver parenchyma is transected along the intended
line of resection together with portal vein ligation of the liver segments containing the tumor.
After 1-2 weeks, hypertrophy of the future liver remnant has occurred and the deportalized
right hemiliver is removed.
Despite the tendency towards more extended resections to achieve negative margins,
overall survival after potentially curative resection is about 38 months.13
Surgical resection of hilar cholangiocarcinoma is precluded in patients with locally
advanced disease or when the tumor arises in the setting of an underlying parenchymal liver
disease. Recently, liver transplantation for unresectable hilar cholangioarcinoma has regained
attention. Liver transplantation offers wide resection margins and cures an underlying liver
disease. The Mayo Clinic group in Minnesota, USA, has pioneered this field by constructing
a neo-adjuvant chemoradiation protocol, followed by explorative laparotomy and, in the
absence of metastases, liver transplantation.14 Inclusion criteria are strict, resulting in a
relatively small group of patients that may benefit from this ultimate treatment option.
12
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AIM
Diagnosis and treatment of hilar cholangiocarcinoma remain an enormous challenge for the
medical team. Rapid developments are hampered by the fact that the disease is relatively
rare. Even high-volume centers usually see only 10-20 new cases per year. Continuous efforts
should be made to optimize the diagnostic and treatment process. This thesis explores new
strategies that are emerging in the clinical course of hilar cholangiocarcinoma with the aim to
improve early diagnosis, staging of disease and appropriate treatment.

OUTLINE OF THIS THESIS
In chapter 2 a concise review on diagnosis and treatment of the entire spectrum of cholangiocarcinoma is presented, including the position of hilar cholangiocarcinoma within this
spectrum. In chapter 3 the search for a suitable marker for near-infrared optical imaging of
hilar cholangiocarcinoma is described to facilitate earlier diagnosis. In chapter 4 the impact
of lymph node micrometasteses is investigated in order to improve postoperative staging.
Frozen section analysis is used during surgery to obtain diagnosis and tumor free resection
margins. In chapter 5 the value of intra-operative frozen section analysis is assessed to
improve intraoperative decision making. In chapter 6 the vascular complications arising
after liver transplantation for hilar cholangiocarcinoma in patients that underwent neoadjuvant chemoradiation therapy at the Mayo Clinic are described to improve the awareness
of the hazards of this intense neo-adjuvant treatment protocol in this group of patients.
Since the Mayo Clinic reported the first results of liver transplantation after neo-adjuvant
chemoradiation for hilar cholangiocarcinoma, the question has emerged to what extent the
strict selection criteria that are being applied to enter the protocol contribute to the favorable
results.
Chapter 7 investigates the results of a of European subgroup of patients comparable
to the Mayo Clinic experience - with the exception that neo-adjuvant therapy was not used
- to assess the value of selection alone on the outcome of liver transplantation for hilar
cholangiocarcinoma.
In chapter 8 the previous chapters are summarized and discussed and future perspectives
are provided.

13
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ABSTRACT
•

Cholangiocarcinoma is a rare malignancy originating from the biliary epithelium. The
disease can arise anywhere in the biliary tract: intrahepatic, perihilar or distal. The overall
prognosis for cholangiocarcinoma is poor.

•

The treatment necessitates a multidisciplinary approach.

•

Radical resection of the extrahepatic bile ducts, usually in combination with concomitant
partial liver resection, remains the only curative treatment for hilar cholangiocarcinoma.

•

Liver transplantation in combination with neoadjuvant chemoradiation therapy for
unresectable hilar cholangiocarcinoma seems to be promising in a highly selected group
of patients.

•

Palliative treatment should be targeted at adequate biliary drainage, preferably by
stenting.

•

Radiotherapy and systemic chemotherapy are not standard treatment and should be
applied in an experimental setting only.

•

New options such as photodynamic therapy and tyrosine kinase inhibitors are promising,
but still experimental treatments.
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INTRODUCTION
Cholangiocarcinoma is a malignant disease originating from the biliary epithelium. The exact
incidence of the disease is unknown, but estimations in the United States are 1-2 cases per
100.000 persons per year, ranking cholangiocarcinoma as the second commonest primary
liver tumor worldwide.1 In Western countries, the most important risk factor for developing
cholangiocarcinoma is primary sclerosing cholangitis (PSC), which is a progressive biliary
disease characterized by inflammation, fibrosis and stenosis of the intrahepatic and
extrahepatic bile ducts.2 The prevalence of cholangiocarcinoma in patients with PSC is 7-13%
and thereby increased compared to the general population.2 The annual risk to develop
cholangiocarcinoma in the presence of PSC is 0.5 – 1.5%.3 Other risk factors are parasitic
liver infections (liver fluke), hepatolithiasis, Caroli’s disease and congenital choledochal
cysts. Chronic inflammation and the consequential biliary duct cell injury coupled with
the obstruction of bile flow seems to be important in the pathogenesis of the tumor.4 Most
tumorsm however, arise in the absence of distinct risk factors.
Radical surgical resection of the tumor is the only chance for curation. Improved surgical
techniques have made more patients eligible for surgery. Although cholangiocarcinoma
is known as a rapidly progressive disease with a median survival of a few months without
treatment, patients are able to survive one to two years provided that biliary drainage is
secured.

Figure 1 (adopted from the original article). Cholangiocarcinoma is divided into three subtypes based on
its anatomic location. (see color image on page 147)
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This article presents an overview of the current insights and recent developments in
staging and treatment of cholangiocarcinoma.

DIAGNOSIS
Cholangiocarcinoma can arise anywhere along the biliary tract. There are three distinct
categories based on the anatomic location of the tumor: intrahepatic, perihilar and distal
(figure 1).5
More than 90% of cholangiocarcinomas are adenocarcinomas. These can be further
divided into three types based on morphological features: mass forming tumors, periductal
infiltrating tumors and intraductal growing tumors.6 Intrahepatic tumors make up for 10% of
all cholangiocarcinomas and usually consist of the mass forming type.6,7 Perihilar tumors, also
known as Klatskin tumors, arise at the confluence of the left and right hepatic duct and are the
most frequent subgroup, accounting for 60-70% of cases, and usually consist of the periductal
infiltrating type. These tumors have a branchlike appearance, spreading longitudinally along
the axis of the bile duct wall, partially in the submucosal space with perineural, perilymphatic
and perivascular infiltration.6 The specific growth pattern results in an irregular stenosis of
the bile duct with ultimately complete bile flow obstruction. A new staging system has been
proposed, in which in addition to the localization and extension of the tumor, also the presence
or absence of portal venous invasion and the presence or absence of liver lobe atrophy is taken
into account.8 This staging system seems to correlate with the resectability rate and survival.
Distal cholangiocarcinomas are the third subgroup of tumors (20-30%) and are located
between the orifice of the cystic duct and the ampulla of Vater (figure 1)9
Patients with intrahepatic tumors sometimes present with abdominal pain located in the
right-upper quadrant. Patients with hilar tumors often present with jaundice secondary to
biliary obstruction or fever because of cholangitis. Patients with distal tumors usually present
with jaundice too. In contrast to hilar cholangiocarcinoma, distal tumors can cause gallbladder
enlargement. Courvoisier’s sign (jaundice and a non-tender enlarged gallbladder) is specific
for distal biliary obstruction.
Liver function tests usually show cholestasis without elevated liver enzymes. There is no
specific marker for cholangiocarcinoma, but carbohydrate antigen 19-9 (CA 19-9) is most
frequently used. In patients with PSC an elevated CA 19-9 of >100 U/mL has a sensitivity of
89% and a specificity of 86% for cholangiocarcinoma. In patients without PSC the sensitivity
20
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is 53%.7
Ultrasound investigation is able to detect dilated bile ducts proximal to the obstruction,
but the tumor itself can rarely be identified.10 Computer tomography (CT) is used to identify
intrahepatic tumors, dilated bile ducts and enlarged lymph nodes. This technique also allows
excellent assessment of the vascular anatomy. However, the extent of intraductal invasion is
usually underestimated and hilar tumors are often difficult to visualize on CT.10
Currently, magnetic resonance cholangiopancreatography (MRCP) is the optimal
imaging modality for the detection of cholangiocarcinoma.2,11 Magnetic resonance imaging
produces reliable information regarding liver and biliary anatomy and extension of the
tumor. MR angiography is used to evaluate the relationship between the tumor and nearby
vascular structures.12 Image quality of MRCP is comparable to endoscopic retrograde
cholangiopancreatography (ERCP). During ERCP it can be difficult to assess the amount
of tumor extension towards the liver. In contract to MRCP, ERCP is an invasive procedure
accompanied by a risk of perforation, bleeding and post procedural pancreatitis and
cholangitis. However, ERCP has the advantage of obtaining cytology from the bile ducts.
Unfortunately, cytology is often negative, especially in the case of hilar tumors, because of
their specific periductal infiltrative growth pattern together with an extensive desmoplastic
(fibrotic) reaction.13
Percutaneous transhepatic cholangiography (PTC) as imaging technique is absolutely
contra-indicated because of the possible induction of implantation metastases along
the catheter tract.14 Cholangioscopy, which is possible through the working channel of a
duodenoscope during ERCP, allows direct visualization of the bile ducts and subsequent
carefully aimed biopsies.15 Although positron emission tomography (PET) is currently not part
of the standard work-up for cholangiocarcinoma, the technique can be useful for the detection
of distant metastases.11

CURATIVE INTENT TREATMENT
Surgical resection. The treatment of intrahepatic cholangiocarcinoma consists of surgical
resection of the affected liver segments. Five-year survival rates after surgical treatment of
intrahepatic cholangiocarcinoma are 27-48%.11 Distal cholangiocarcinoma, like other tumors
around the ampulla of Vater, is treated by conventional pancreatoduodenectomy (Whipple
procedure) or pylorus preserving pancreatoduodenectomy.2,16 Five-year survival after
21
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resection of distal cholangiocarcinoma is around 40%.17
For the treatment of hilar cholangiocarcinoma it has become clear that radical resection
of the extrahepatic bile ducts in combination with partial liver resection including the caudate
lobe offers the best chance for curation.18 Obtaining tumor free resection margins (a so called
R0 resection) can be difficult because of the close proximity of the hepatic artery and portal
vein to the tumor. Resection of the extrahepatic bile ducts without concomitant partial liver
resection is obsolete because of the high percentage of positive resection margins.8
Recent studies in which extrahepatic bile duct resection was combined with partial liver
resection and sometimes portal vein resection and reconstruction report five-year survival
rates of 30-40%. 8,19-22 One study showed a five-year survival rate of 72% in patients undergoing
right extended hemihepatectomy together with portal vein resection and reconstruction.9
When the future liver remnant is too small (less than 25% of the original liver volume) a stepup procedure can be followed. Percutaneous embolization of the right portal vein is carried
out, resulting in contralateral hypertrophy of the future liver remnant. When hypertrophy is
confirmed, extended right hemihepatectomy can be performed under safer conditions.23
Contraindications for resection of cholangiocarcinoma are bilateral involvement of the
hepatic artery or portal vein or bilateral extension beyond the secondary biliary branches.11
According to recent insights preoperative biliary drainage is not mandatory in the case of distal
biliary obstruction, however in patients with biliary obstruction at the level of liver hilum who
are eligible for partial liver resection preoperative biliary drainage should be attempted.24
In most studies the presence of regional lymph node metastases is an important prognostic
factor for survival next to tumor stage, tumor grade and radical resection.19,21,25 Five-year
survival after curative intent resection without lymph node metastases is around 45% and
drops rapidly to 0-28% in case lymph node metastases are present in the resected specimen.20,21
Figure 2 shows the survival of 49 patients who underwent combined extrahepatic bile duct
resection with partial liver resection for hilar cholangiocarcinoma between 1986 and 2006 at
the University Medical Center Groningen according to lymph node status.
It is very difficult to identify lymph node metastases prior to surgery using the current
imaging modalities.10

Diagnostic laparoscopy is used for assessing liver and peritoneal

metastases, but it is not possible to detect vascular invasion and lymph node metastases
with this technique.26 Lymph node metastases are usually found at the time of surgery or
at pathological investigation of the resected specimen. The value of preoperative endoscopic
22
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Figure 2. Survival analysis of 49 patients with hilar cholangiocarcinoma who underwent extrahepatic bile
duct resection in combination with partial liver resection at the University Medical Center Groningen
between September 1986 and October 2006. Survival of patients without lymph node metastases
(straight line, n=28) was significant better compared to patients with lymph node metastases (dotted
line, n=21). (Logrank test P=0.02). (see color image on page 147)

ultrasound with fine needle aspiration of regional lymph nodes for cytology is currently being
investigated.27

Liver Transplantation. Patients with hilar cholangiocarcinoma often present in advanced
stages of disease or suffer from an underlying parenchymal liver disease such as fibrosis or
cirrhosis, for example in the setting of PSC, excluding partial liver resection as a treatment
option.

28

This group could benefit from liver transplantation because total hepatectomy

followed by orthotopic liver transplantation provides wide resection margins, without the
risk of decompensation of the cirrhotic liver. Unfortunately, the early experience of liver
transplantation for hilar cholangiocarcinoma has been disappointing due to low survival
rates.28
Recenly, however, promising results have been published regarding the use of a strict
neo-adjuvant protocol followed by liver transplantation for patients with unresectable hilar
cholangiocarcinoma. Five-year survival in this group was 74%.29 The neo-adjuvant protocol
consisted of a combination of external beam radiotherapy and intraluminal brachytherapy
23
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with chemosensitization. Strict selection of the group was important which was highlighted by
the fact that the protocol could be completed in approximately 60% of patients.30

PALLIATIVE TREATMENT
Many patients with cholangiocarcinoma are not eligible for curative treatment anymore and
receive palliative treatment. The aim of palliative treatment is to improve quality of life and
alleviate symptoms as jaundice, cholangitis and pain. The basis of palliative care is to secure
biliary drainage by surgical, endoscopic or percutaneous interventions. In most cases nonoperative drainage of the bile duct is preferred (stenting). Survival after palliative surgery is
comparable to endoscopic stent placement, but the latter is associated with less short-term
mortality and morbidity.31 There are plastic and self-expandable metal stents. Plastic stents
are easier to insert and less expensive, but metal stents have a longer patency and therefore
decreased risk for cholangitis. Metal stents are used in patients with a longer life expectancy.2
If endoscopic stent placement is impossible, ultrasound guided percutaneous drainage of bile
flow can be performed.32

Chemotherapy. The value of chemotherapy in the treatment of unresectable
cholangiocarcinoma is not yet determined. So far, adequately designed randomized trials
of sufficient size showing an improvement in quality of life or survival with the use of
chemotherapy have not been performed. Of all chemotherapeutical regimes, it seems that
a combination of platinum-based agents with gemcitabin or a fluorouracil analog are most
promising for future research.33 As long as the efficacy of chemotherapy for unresectable
cholangiocarcinoma remains to be determined, it should be used in clinical trials only.

Radiotherapy. There is no prospective, controlled evidence that external beam radiotherapy
has a beneficial effect on the survival or quality of life for patients with unresectable
cholangiocarcinoma. However, radiotherapy may be useful in patients with specifically
localized pain, insufficient biliary drainage despite stents or uncontrollable bleeding.2 Again,
treatment should preferably be used in the setting of clinical research.

New developments. In recent years, a number of novel experimental techniques have
been introduced with sometimes promising results. One potential treatment is photodynamic
24
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therapy, which consists of an intravenously administered photosensitizer followed by
endoscopic insertion of a probe in the bile ducts that emits light at a specific wavelength. This
induces tumor cell necrosis. Prospective, randomized studies describing the technique report
improved biliary drainage, quality of life and gain in survival of a few months.34,35 On the
other hand, photodynamic therapy can be demanding for the patient, it sometimes induces
increased light sensitivity of the skin and there is an increased risk of cholangitis.
Another technique aiming for local tumor control is the use of endoluminal brachytherapy
sometimes combined with external radiotherapy.36 Recent experimental studies regarding the
systemic use of tyrosine kinase inhibitors show promising results.37 Other new techniques are
the use of experimental Y-shaped bile duct stents38 and transarterial chemo-embolization.39
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ABSTRACT
Background: Hilar cholangiocarcinoma is an aggressive cancer with poor prognosis, largely
due to its late presentation. The aim of this study was to identify potential targets for in vivo
tumor-specific imaging of hilar cholangiocarcinoma using near-infrared light fluorescence
(NIRF), which could potentially be applied to aid in tumor detection during cholangioscopy
or during surgery.
Methods: We performed a structured review of the literature to identify potential markers
of hilar cholangiocarcinoma, using the previously established TArget Selection Criteria
(TASC).

MUC1 emerged as the most promising marker and was subsequently tested

immunohistochemically in 29 surgically resected hilar cholangiocarcinomas.
Results: We found MUC1 expression of cholangiocarcinoma cells in 100% of cases, of which
72% was classified as strong cytoplasmatic staining, 21% moderate cytoplasmatic, 3% weak
cytoplasmatic, and 3% weak membranous. In 10% a mixture of both cytoplasmatic and
membranous staining was observed. Non-malignant bile duct epithelial cells showed weak
membranous staining in 67%, very weak membranous staining in 13%, weak-to-moderate in
8%, and moderate staining in 4% (all on the luminal side only). Intermediate staining was
noted in dysplastic and reactive biliary epithelial cells.
Conclusions: Using the TASC scoring system for a structured review of the literature we
identified MUC1 as the most promising target for in vivo imaging of hilar cholangiocarcinoma.
In a subsequent immunohistochemistry study, a clear difference was observed in MUC1
expression between tumor and healthy biliary epithelial cells. These findings open new avenues
for further development of an in vivo imaging tool for the detection of cholangiocarcinoma.
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INTRODUCTION
Hilar cholangiocarcinoma (CCA), also known as a Klatskin tumor, is a malignant tumor arising
from the biliary epithelium at or near the confluence of the right and left hepatic duct. It
has the reputation of being difficult to diagnose and treat. Patients with unresectable disease
have a poor prognosis of less than 6 months and die primarily from liver failure or infectious
complications related to biliary obstruction1.
Hilar CCA’s are usually adenocarcinomas (90%) and can be classified as mass-forming,
intraductal growing or periductal infiltrating tumors2. Most hilar CCA’s belong to the latter
type and have a specific growth pattern that is characterized by transmural invasion of the bile
ducts with lymphatic, vascular and perineural infiltration. The tumors spread longitudinally
along the submucosa of the bile ducts, causing diffuse thickening and obstruction of the
lumen2,3.
Because of the absence of a focal mass, the tumors are often hard to depict by conventional
radiology and the extent of the tumor is often underestimated4,5. Moreover hilar CCA’s
frequently exhibit a dense desmoplastic (fibrotic) reaction, resulting in negative endoscopic
brushings or biopsies even in the presence of well-established disease 6-8.
The only potentially curative option is complete surgical resection of the tumor in
combination with a partial liver resection. Five-year survival rates are between 11-40%3,9-11,
reaching 35-43% when negative tumor margins are obtained10,12,13. However, due to the
aforementioned growth characteristics of hilar CCA, it is often difficult for surgeons to obtain
negative tumor margins3.
There is a need for earlier and more definitive diagnosis of hilar bile duct cancer to make
more patients eligible for surgery. Since conventional radiology, endoscopy and laparoscopy
fail to diagnose patients with early disease, there has been a shift in the focus of research
towards near-infrared fluorescence (NIRF) tumor-targeted imaging. This rapidly evolving,
experimental technique enables the specific visualization of tumor cells in vivo14 using a
conjugate of a specific tumor target and a fluorophore, which fluoresces under near-infrared
light. NIRF imaging would allow non-invasive diagnosis of bile duct cancer and monitoring
of therapy effects and follow-up. Bile duct cancer is theoretically suited for molecular imaging
because the tumor can be closely approached cholangioscopically. Furthermore, NIRF
imaging could also be used for the real-time assessment of tumor margin negativity during
surgery. In 2011, van Dam et al. were the first group to successfully perform intraoperative in
33

3

Chapter 3

vivo imaging of ovarian cancer, using folate receptor- α as the tumor target 15.
The ultimate goal is to develop an optical tracer that binds specifically to hilar CCA cells
and emits photons in the near-infrared spectrum that can penetrate peritumoral tissue,
reaching the cholangioscope. The first step in developing an optical tracer for hilar bile duct
cancer is to select a suitable target. We have used the previously described scoring system
based on TArget Selection Criteria (TASC) 16 to identify the most attractive potential marker
for hilar CCA. In a subsequent immuonohistochemistry study of surgical resection specimens
of patients with hilar CCA, we have evaluated the suitability of MUC1 as the most promising
marker of hilar CCA.

MATERIALS AND METHODS
The Search For a Potential Hilar CCA Marker – TASC Scoring System
We used the paper by Briggs et al., 2009, a systematic review article that focuses on molecular
biomarkers in CCA, as a basis for the identification of a potential NIRF marker for hilar CCA 17.
We also included several other proteins that were described in the literature to be upregulated
in hilar CCA.
After initial identification, potential targets were rated according to the TASC (TArget
Selection Criteria). The TASC scoring system16 is a method to identify potential cellular targets
for molecular imaging. Each potential target can be scored on 7 items (Table 1). In the TASC
system the extracellular location of the antigen is most important and therefore granted most
points. A maximum of 22 points can be assigned and describes the ‘ideal’ target. An antigen
that scores 18 or higher is considered a potential target and worth further investigation.
Proteins that were not explicitly described in hilar or extrahepatic CCA were excluded from
the analysis because intra- and extrahepatic CCA have different etiological and histological
backgrounds. The antigen with the highest score and a clinically available antibody was then
chosen to be immunohistochemically tested: MUC1.
Immunohistochemistry of MUC1 in Hilar CCA
Patient Selection
Twenty-nine patients who underwent surgery at the University Medical Center Groningen
for hilar cholangiocarcinoma between May 2001 and July 2012 were selected. All patients
underwent extrahepatic bile ducts resection with partial liver resection.
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Table 1. Target Selection Criteria Scoring System16
Characteristics
I

Extracellular protein localization

II

Diffuse up-regulation through tumor tissue

III

T/N ration >10

IV

Percentage up-regulation in patients

Score
Bound to cell surface (receptor)
In close proximity of tumor cell

5
3
4
3

>90%
70-90%

6
5

50-69%
10-49%

3
0

V

Previously imaged with success in vivo

2

VI

Enzymatic Activity

1

VII

Internalization

1

3

Max. score: 22. Potentially suitable marker: ≥18.

Immunohistochemical Staining of Hilar CCA for MUC1
One block of each resected tumor, which are archived as paraffin blocks, was requested
from the pathology department and paraffin section slides were cut at 3µm, placed on glass
slides and left overnight in a 60°C stove. One slide of each tumor block was hematoxylin and
eosin stained at the pathology lab, according to standard protocol. Immunohistochemical
staining for MUC1 was performed using the automated staining machine (Bond TM System,
Leica Microsystems GmbH, Wetzlar, Germany) and a biotin-free Bond TM Polymer Define
Detection system (Leica Microsystems GmBH, Catalog no. DS98000). After deparaffinization
and rehydration, endogenous peroxidase activity was blocked for 5 min in a buffer solution
pH5.8 containing 0.3% hydrogen peroxide. After antigen retrieval, which consisted of boiling
in Tris/EDTA pH9.0 for 20 min, the sections were incubated with the primary MUC1 antibody
(mouse monoclonal antibody, clone E29, Dako at 1:400) diluted in 1% BSA for 15 min. Slides
were counterstaining with haematoxylin, dehydration in alcohol and mounting.

Scoring of Immunohistochemistry
All stainings were scored as 0: none, 1: weak, 2: moderate and 3: strong staining by one
pathologist (JSJ) who was blinded to patient characteristics.
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RESULTS
TASC Score
The TASC for hilar CCA is shown in Table 2. MUC1 scored 20 points, followed by CD44 and
MMP7. Unfortunately, the expression rates of these markers in hilar CCA have only been
reported once.
Immunohistochemical Staining of hilar CCA for MUC1
Patient Demographics and Tumor Characteristics
Of the 29 patients with hilar CCA included in this study, 22 were male and 7 were female. The
age at resection ranged from 44-76 years, with a mean age of 62.0 years. Table 3 shows the
tumor characteristics of these 29 patients. The 6th edition of the TNM staging system was used
to classify the tumors.
Immunohistochemistry for MUC1
The expression of MUC1 in tumor and in non-malignant cells is summarized in Table 4. There
was MUC1 expression in all cases of hilar CCA (100%), of which 72% was strong cytoplasmatic
(Figure 1), 21% moderate cytoplasmatic and 3% weak cytoplasmatic. Three cases showed
both cytoplasmatic and membranous staining and one only weak membranous staining.
Non-malignant bile ducts were found in 24 of the sections, of which 16 (67%) showed weak
membranous staining (Figure 1), 3 (13%) very weak membranous staining, another 2 (8%)
weak-to-moderate staining and 1 (4%) moderate staining (all on the luminal side only).
Moderate staining of the membrane all around the cell occurred in only 2 (8%) cases in benign
bile ducts and no cytoplasmatic staining of the benign bile ducts was seen. The stroma stained
weakly positive for MUC1 in only one case, and the liver parenchyma and blood vessels were
all negative. We observed a tendency for more dysplastic and reactive cells to stain more
strongly than less dysplastic cells.
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Diffuse

Diffuse and focal*

Diffuse

Diffuse and focal*

Diffuse

Mostly secreted,
party membrane
bound: depends
on isoform

Secreted

Apical cell
membrane

Apical plasma
membrane

Membrane bound
and secreted:
depends on
isoform

Secreted

Membrane bound

Membrane bound

Membrane bound

Membrane bound

Membrane bound

Secreted

Antibody

VEGF/VEGF-A

VEGF-C

MUC1

MUC3

MUC4

MUC5AC

EGFR

HER2

N-CADHERIN

CD24

CD44

MMP7
high

High

High

Low

High

High

High

High

Low

High

High

High

III - T/N
ratio >10

*because expression is focal as well as diffuse, half of the points were granted.

Diffuse and focal*

Diffuse

Diffuse

Focal

Diffuse

Diffuse

Diffuse

II - Diffuse
upregulation
through tumor
tissue

I - Extracellular
protein
localization

, three

Not described
No 19

Not described
Not described
Not described

Not described
Not described

Not described
In patients 26-28
Not described

Not described
Not described

Not described

91%, only one study 54

55%, only one study

53

Yes in animals 32

Yes

Yes

Not described

Not described

43-58%, only two studies 51,52

Yes in animals

Not described

Not described

43%, only one study 50

19,31

Yes 22

Not described

yes in animals 29
and patients 30

One study 79% 48, four studies
5-43% 34,46,47,49

Not described

23

Probably yes 21

No 20

Not described

6

Yes

Not described

Not described

Yes 18

Not described

Not described

Not described

In patients 24
and in animal
models 25

VII - Internalization

VI - Enzymatic
activity

V - Previously
imaged with
success in vivo

One study 86% , three studies
0-19% 34,46,47

41,45

Two studies 71-72%
studies 61-69% 35,44,45

6-51%, only two studies 43,44

33-68%, only two studies 40,44

One study 100% 40, three studies
72-87% 41-43, one study 28% 44

46-84%, only two studies 38,39

One study 72%33, one study 59% 34,
three studies 25-47% 35-37

IV - Percentage up-regulation in
patients

Table 2. Outcome of TASC score analysis of the literature for hilar cholangiocarcinoma

TASC
score

17

18

15

9

14

14

13

9

10

20

11

16
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Table 3. Tumor characteristics of 29 patients undergoing surgical resection of hilar cholangiocarcinoma
Numbers

Variable
T stage

N stage
Hepatic margin
Bile duct margin
PV/HA reconstruction due to tumor invasion
Perineural invasion
Angioinvasion

T1
T2
T3
T4
N0
N1
Positive
Negative
Positive
Negative
Performed
Not performed
Present
Absent
Present
Absent

T: tumor, N: node, PV: portal vein, HA: hepatic artery
Table 4. MUC1 expression in Klatskin tumor tissue and non-malignant bile ducts
Cell type
Intensity
score
Tumor

Non-malignant
Bile Ducts

38

0
1
2
3
0
0-1
1
1-2
2
2-3
3

Cases of positive MUC1 expression (%)
Cytoplasmatic
Membranous
Membranous staining all
staining
staining only on
around the cell
luminal side
25/29 (86.2)**
1/29 (3.4)*
1/29 (3.4)**
1/29 (3.4)*
1/29 (3.4)**
6/29 (20.6)*
2/29 (6.9)**
21/29 (72.4)*
22/24 (91.6)**
2/24 (8.3)†
0/24 (0.0)**
3/24 (12.5)†
0/24 (0.0)**
16/24 (66.6)†
0/24 (0.0)**
2/24 (8.3)†
2/24 (8.3)**
1/24 (4.2)†
0/24 (0.0)**
0/24 (0.0)†
0/24 (0.0)**
0/24 (0.0)†

2
10
16
1
18
11
2
27
9
20
6
23
25
4
9
20
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Figure 1. Hematoxylin & eosin (HE) staining and immunohistochemistry for MUC1 of both malignant and
non-malignant bile duct cells. Strong cytoplasmic expression of MUC1 (brown) is found in malignant cells
(arrows), and weak luminal expression in non-malignant cells (arrowheads). Left column: HE staining (A:
2x, C: 10x, E: 20x), right column MUC1 expression (B: 2x, D: 10x, F: 20x). (see color image on page 148)

DISCUSSION
This study used the TASC scoring system 16 to search for a possible NIRF target for the in vivo
imaging of hilar CCA. We found mucin 1, MUC1, to be the most promising target, scoring
20 points. Mucins are a group of heavily glycosylated proteins produced by epithelial cells,
forming a major component of mucus 55. MUC1 is expressed on the apical surface membrane
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and an elevated expression has been associated with different types of cancer

56

. We then

immunohistochemically tested the expression of MUC1 in 29 resected hilar CCA specimens
and found an expression rate of 100% in the tumor cells, of which 97% was cytoplasmatic
(72% strong, 21% moderate and 3% weak) and 3% only weak membranous. 92% of nonmalignant bile duct cells showed membranous staining on the luminal side only, of which 67%
was weak, and another 8% showed moderate cytoplasmatic staining. There was a tendency
for non-malignant cholangiocytes to stain more strongly as the cells become more dysplastic
and reactive.
Our results are comparable to those reported in literature. Expression rates of 72-100%
in hilar or extrahepatic CCA have been reported

, as well as absent expression in non-

40-43

neoplastic epithelium of the extrahepatic bile ducts

57

. Sasaki et al.,1996

58

, on the other

hand, did report infrequent and focal MUC1 expression in 13% of normal livers. They also
reported frequent and strong expression on the luminal surface of biliary epithelial cells of
small bile ducts in 71% of patients with primary biliary cirrhosis and 75% of patients with
chronic viral hepatitis, suggesting that biliary damage may also cause MUC1 upregulation.
The non-malignant bile ducts that we examined were those of hilar CCA patients, where
some biliary damage in the sense of congestion and hypoxia most likely also occurred. This is
probably reflected in our observation that more reactive and dysplastic cells tended to stain
more strongly for MUC1. Indeed, another study by Sasaki et al., 1996 40 also reported MUC1
expression in biliary epithelial dysplasia in 29% of cases.
Nevertheless, we observed a distinct difference between the intense cytoplasmatic
expression of MUC1 in cholangiocarcinoma compared to the weak luminal staining of the nontumorous bile ducts. Further experiments should assess whether this difference is enough to
allow a significant “tumor-to-background ratio” at molecular in vivo imaging. On the other
hand, as mentioned, we have reason to believe that even though MUC1 is a sensitive marker,
it is perhaps not specific enough. This low specificity, however, can likely be explained by
the fact that a broad and unspecific type of MUC1 antibody was used. There are subtypes of
MUC1, and it has been found that an aberrantly or incompletely glycosylated type of MUC1
is overexpressed in many tumor tissues, such as breast, stomach and colon cancers 59. This
changes its biological behavior by interfering with cell adhesion and shielding the tumor cell
from immune recognition, promoting metastasis 60. One study tested the expression of a novel
humanized antibody specific to a tumor epitope of MUC1 (TA-MUC1), PankoMab-GEX™, in
40

Identification of MUC1 as a Potential Target for In-Vivo Imaging of Hilar Cholangiocarcinoma

ovarian cancer tissues 61. They found that PankoMab-GEX™ did not stain healthy ovarian
tissue cancer, whereas other commonly used MUC1 antibodies (HMFG-1 and 115D8) did stain
healthy ovarian tissue. We expect greater differences between malignant and non-malignant
biliary epithelial cells when tumor-associated MUC1 antibodies are tested in hilar CCA, which
will be the focus of our future research. Furthermore, PankoMab-GEX™ is a humanized
antibody that is already in clinical trial, facilitating its potential use as a NIRF-target in the
clinical setting.
In conclusion, using the TASC scoring system in search of a hilar CCA marker for NIRF
imaging, we found MUC1 to be the most promising marker. We found a clear difference in
MUC1 expression between tumor and healthy biliary epithelial cells. This is an encouraging
finding for the further development of MUC1 as a potential NIRF imaging probe for hilar
cholangiocarcinoma.

41

3

Chapter 3

REFERENCES
1.

LaFemina JJ, William. Surgical management of proximal bile duct cancers. Langenbeck’s archives
of surgery. 2012;397(6):869-879.

2.

Lim, J H Park,C K. Pathology of cholangiocarcinoma. Abdom Imaging. 2004;29(5):540-547.

3.

Ito, Fumito Cho, Clifford Rikkers,Layton Weber, Sharon. Hilar cholangiocarcinoma: Current
management. Ann Surg. 2009;250(2):210-218.

4.

Tillich M, Mischinger HJ, Preisegger KH, Rabl H, Szolar DH. Multiphasic helical CT in diagnosis and
staging of hilar cholangiocarcinoma. AJR, American journal of roentgenology. 1998;171(3):651658.

5.

Zidi SH, Prat F, Le Guen O, Rondeau Y, Pelletier G. Performance characteristics of magnetic
resonance cholangiography in the staging of malignant hilar strictures. Gut. 2000;46(1):103-106.

6.

Lee CSP, A. Epidermal growth factor receptor immunoreactivity in gallbladder and extrahepatic
biliary tract tumours. Pathol Res Pract. 1995;191(11):1087-1091.

7.

Lee, Tae Cheon,Young Shim, Chan. Current status of photodynamic therapy for bile duct cancer.
Clinical endoscopy. 2013;46(1):38-44.

8.

Harewood, Gavin Baron, Todd Stadheim, Linda Kipp, Benjamin Sebo,Thomas Salomao, Diva.
Prospective, blinded assessment of factors influencing the accuracy of biliary cytology interpretation.
Am J Gastroenterol. 2004;99(8):1464-1469.

9.

Malhi H, Gores G. Cholangiocarcinoma: Modern advances in understanding a deadly old disease. J
Hepatol. 2006;45(6):856-867.

10.

Nuzzo G, Giuliante F, Ardito F, et al. Improvement in perioperative and long-term outcome after
surgical treatment of hilar cholangiocarcinoma: Results of an italian multicenter analysis of 440
patients. Archives of surgery. 2012;147(1):26-34.

11.

Khan S, Davidson B, Goldin R, et al. Guidelines for the diagnosis and treatment of cholangiocarcinoma:
An update. Gut. 2012;61(12):1657-1669.

12.

Tsao JI, Nimura Y, Kamiya J, et al. Management of hilar cholangiocarcinoma: Comparison of an
american and a japanese experience. Ann Surg. 2000;232(2):166-174.

13.

Silva MA, Tekin K, Aytekin F, Bramhall SR, Buckels JAC, Mirza DF. Surgery for hilar
cholangiocarcinoma a 10 year experience of a tertiary referral centre in the UK. European journal of
surgical oncology. 2005;31(5):533-539.

14.

Pysz, M A Gambhir, S S Willmann,J K. Molecular imaging: Current status and emerging strategies.
Clin Radiol. 2010;65(7):500-516.

15.

van Dam G, Themelis G, Crane LMA, Harlaar N, Pleijhuis R, Kelder W, et al. Intraoperative tumorspecific fluorescence imaging in ovarian cancer by folate receptor- α targeting: first in-human
results. Nat Med 2011;17(10):1315-1319.

16.

van Oosten, Marleen Crane, Lucia Bart, Joost van Leeuwen,Fijs van Dam, Gooitzen. Selecting
potential targetable biomarkers for imaging purposes in colorectal cancer using TArget selection
criteria (TASC): A novel target identification tool. Translational oncology. 2011;4(2):71-82.

17.

Briggs, Christopher Neal, Christopher Mann, Christopher Steward, William Manson,Margaret
Berry, David. Prognostic molecular markers in cholangiocarcinoma: A systematic review. Eur J
Cancer. 2009;45(1):33-47.

18.

Hisatsune, Akinori Kawasaki, Mitsuru Nakayama, Hideki Mikami, Yuji Miyata, Takeshi
Isohama, Yoichiro Katsuki,Hiroshi Kim, Kwang. Internalization of MUC1 by anti-MUC1 antibody

42

Identification of MUC1 as a Potential Target for In-Vivo Imaging of Hilar Cholangiocarcinoma

from cell membrane through the macropinocytotic pathway. Biochem Biophys Res Commun.
2009;388(4):677-682.
19.

Yoon, Jung-Hwan Gwak, Geum-Youn Lee, Hyo-Suk Bronk, Steven Werneburg,Nathan Gores,
Gregory. Enhanced epidermal growth factor receptor activation in human cholangiocarcinoma
cells. J Hepatol. 2004;41(5):808-814.

20.

Hommelgaard, Anette Lerdrup,Mads van Deurs, Bo. Association with membrane protrusions makes
ErbB2 an internalization-resistant receptor. Mol Biol Cell. 2004;15(4):1557-1567.

21.

Yap, Alpha Crampton,Matthew Hardin, Jeff. Making and breaking contacts: The cellular biology of
cadherin regulation. Curr Opin Cell Biol. 2007;19(5):508-514.

22.

Froesch, B A Stahel,R A Zangemeister Wittke, U. Preparation and functional evaluation of new
doxorubicin immunoconjugates containing an acid-sensitive linker on small-cell lung cancer cells.
Cancer immunology and immunotherapy. 1996;42(1):55-63.

23.

Eyster, Craig Higginson, Jason Huebner, Robert Porat Shliom, Natalie Weigert, Roberto Wu,
Wells Shen,Rong-Fong Donaldson, Julie. Discovery of new cargo proteins that enter cells through
clathrin-independent endocytosis. Traffic. 2009;10(5):590-599.

24.

Desar, Ingrid M E Stillebroer, Alexander Oosterwijk, Egbert Leenders, William P J van Herpen,
Carla M L van der Graaf, Winette T A Boerman, Otto Mulders, Peter F A Oyen,Wim J G. 111Inbevacizumab imaging of renal cell cancer and evaluation of neoadjuvant treatment with the
vascular endothelial growth factor receptor inhibitor sorafenib. The Journal of Nuclear Medicine.
2010;51(11):1707-1715.

25.

Terwisscha van Scheltinga, Anton G T van Dam, Gooitzen Nagengast, Wouter Ntziachristos, Vasilis
Hollema, Harry Herek, Jennifer Schröder, Carolien Kosterink, Jos G W Lub-de Hoog, Marjolijn
N de Vries,Elisabeth G E. Intraoperative near-infrared fluorescence tumor imaging with vascular
endothelial growth factor and human epidermal growth factor receptor 2 targeting antibodies. The
Journal of Nuclear Medicine. 2011;52(11):1778-1785.

26.

Murray, A Simms, M S Scholfield, D P Vincent, R M Denton, G Bishop, M C Price, M R Perkins,A C.
Production and characterization of 188Re-C595 antibody for radioimmunotherapy of transitional
cell bladder cancer. The Journal of Nuclear Medicine. 2001;42(5):726-732.

27.

Hughes, O D Perkins, A C Frier, M Wastie, M L Denton, G Price, M R Denley, H Bishop,M C.
Imaging for staging bladder cancer: A clinical study of intravenous 111indium-labelled anti-MUC1
mucin monoclonal antibody C595. BJU Int. 2001;87(1):39-46.

28.

Gold, D V Cardillo, T Goldenberg, D M Sharkey,R M. Localization of pancreatic cancer with
radiolabeled monoclonal antibody PAM4. Crit Rev Oncol. 2001;39(1-2):147-154.

29.

Ardeshirpour, Y Hassan, M Zielinski, R Horton, J A Capala, J Gandjbakhche,A H Chernomordik, V.
In vivo assessment of HER2 receptor density in HER2-positive tumors by near-infrared imaging,
using repeated injections of the fluorescent probe. Technology in cancer research & treatment.
2013.

30.

Tamura, Kenji Kurihara, Hiroaki Yonemori, Kan Tsuda, Hitoshi Suzuki, Junko Kono, Yuzuru
Honda, Natsuki Kodaira, Makoto Yamamoto, Harukaze Yunokawa, Mayu Shimizu, Chikako
Hasegawa, Koki Kanayama, Yousuke Nozaki, Satoshi Kinoshita, Takayuki Wada, Yasuhiro Tazawa,
Shusaku Takahashi, Kazuhiro Watanabe,Yasuyoshi Fujiwara, Yasuhiro. 64Cu-DOTA-trastuzumab
PET imaging in patients with HER2-positive breast cancer. The Journal of Nuclear Medicine. 2013.

31.

El Dakdouki, Mohammad El Boubbou, Kheireddine Kamat, Medha Huang, Ruiping Abela,
George Kiupel, Matti Zhu,David Huang, Xuefei. CD44 targeting magnetic glyconanoparticles for

43

3

Chapter 3

atherosclerotic plaque imaging. Pharm Res. 2013.
32.

Scherer, Randy VanSaun, Michael McIntyre,J O Matrisian, Lynn. Optical imaging of matrix
metalloproteinase-7 activity in vivo using a proteolytic nanobeacon. Molecular imaging.
2008;7(3):118-131.

33.

Liu, Yan-feng Zhao, Rui Guo, Sen Wang, Xian-qiang Lian, Pei-long Chen,Yue-guang Xu, Ke-sen.
Expression and clinical significance of hepatoma-derived growth factor as a prognostic factor in
human hilar cholangiocarcinoma. Annals of Surgical Oncology. 2011;18(3):872-879.

34.

Yoshikawa, D Ojima, H Iwasaki, M Hiraoka, N Kosuge, T Kasai, S Hirohashi,S Shibata, T.
Clinicopathological and prognostic significance of EGFR, VEGF, and HER2 expression in
cholangiocarcinoma. Br J Cancer. 2008;98(2):418-425.

35.

Guedj N, Zhan Q, Perigny M, et al. Comparative protein expression profiles of hilar and peripheral
hepatic cholangiocarcinomas. J Hepatol. 2009;51(1):93-101.

36.

Hida, Y Morita, T Fujita, M Miyasaka, Y Horita, S Fujioka, Y Nagashima,K Katoh, H. Vascular
endothelial growth factor expression is an independent negative predictor in extrahepatic biliary
tract carcinomas. Anticancer Res. 1999;19(3B):2257-2260.

37.

Möbius C, Demuth C, Aigner T, Wiedmann M, Wittekind C, Mössner J, et al. Evaluation of VEGF
A expression and microvascular density as prognostic factors in extrahepatic cholangiocarcinoma.
European journal of surgical oncology 2007;33(8):1025-1029.

38.

Xu L, Liu C, Gao G, Yu X, Zhang R, Wang J. Nerve growth factor-beta expression is associated with
lymph node metastasis and nerve infiltration in human hilar cholangiocarcinoma. World J Surg.
2010;34(5):1039-1045.

39.

Wang W, Li Y, Liu B, Wang H, Cui A, Zhnag X. [Correlation between PPARgamma and VEGF-C
expression in extrahepatic cholangioadenocarcinoma (EHCAC) and their prognostic significance].
Zhonghua Zhong Liu Za Zhi 2009;31(10):773-777.

40.

Sasaki, M Nakanuma, Y Kim,Y S. Characterization of apomucin expression in intrahepatic
cholangiocarcinomas and their precursor lesions: An immunohistochemical study. Hepatology.
1996;24(5):1074-1078.

41.

Park S, Roh S, Kim Y, et al. Expression of MUC1, MUC2, MUC5AC and MUC6 in cholangiocarcinoma:
Prognostic impact. Oncol Rep. 2009;22(3):649-657.

42.

Takao, S Uchikura, K Yonezawa, S Shinchi,H Aikou, T. Mucin core protein expression in
extrahepatic bile duct carcinoma is associated with metastases to the liver and poor prognosis.
Cancer. 1999;86(10):1966-1975.

43.

Tamada S, Shibahara H, Higashi M, et al. MUC4 is a novel prognostic factor of extrahepatic bile duct
carcinoma. Clinical cancer research. 2006;12(14):4257-4264.

44.

Mall A, Tyler M, Ho S, et al. The expression of MUC mucin in cholangiocarcinoma. Pathol Res Pract.
2010;206(12):805-809.

45.

Aishima, S Kuroda, Y Nishihara, Y Taguchi, K Taketomi, A Maehara,Y Tsuneyoshi, M. Gastric mucin
phenotype defines tumour progression and prognosis of intrahepatic cholangiocarcinoma: Gastric
foveolar type is associated with aggressive tumour behaviour. Histopathology. 2006;49(1):35-44.

46.

Kawamoto, Toru Krishnamurthy, Savitri Tarco, Emily Trivedi, Smita Wistuba, Ignacio Li, Donghui
Roa, Ivan Roa,Juan Thomas, Melanie. HER receptor family: Novel candidate for targeted therapy
for gallbladder and extrahepatic bile duct cancer. Gastrointestinal cancer research. 2007;1(6):221227.

44

Identification of MUC1 as a Potential Target for In-Vivo Imaging of Hilar Cholangiocarcinoma

47.

Nakazawa, Kumiko Dobashi, Yoh Suzuki, Shioto Fujii, Hideki Takeda,Yasuhisa Ooi, Akishi.
Amplification and overexpression of c-erbB-2, epidermal growth factor receptor, and c-met in
biliary tract cancers. J Pathol. 2005;206(3):356-365.

48.

Shafizadeh, Nafis Grenert, James Sahai,Vaibhav Kakar, Sanjay. Epidermal growth factor receptor
and HER-2/neu status by immunohistochemistry and fluorescence in situ hybridization in
adenocarcinomas of the biliary tree and gallbladder. Hum Pathol. 2010;41(4):485-492.

49.

Ogo, Yasumasa Nio, Yoshinori Yano, Seiji Toga, Tomoko Koike, Makoto Hashimoto, Koji
Itakura,Masayuki Maruyama, Riruke. Immunohistochemical expression of HER-1 and HER-2 in
extrahepatic biliary carcinoma. Anticancer Res. 2006;26(1B):763-770.

50.

Mosnier, Jean-François Kandel, Christine Cazals Hatem, Dominique Bou Hanna, Chantal Gournay,
Jérome Jarry,Anne Laboisse, Christian. N-cadherin serves as diagnostic biomarker in intrahepatic
and perihilar cholangiocarcinomas. Modern Pathology. 2009;22(2):182-190.

51.

Kim, Kyubo Min, Hye Chie, Eui Jang, Jin-Young Kim, Sun Han, Sae-Won Oh, Do-Youn Im,
Seock-Ah Kim, Tae-You Bang,Yung-Jue Ha, Sung. CD24 expression predicts distant metastasis in
extrahepatic bile duct cancer. World Journal of Gastroenterology. 2013;19(9):1438-1443.

52.

Riener, Marc-Oliver Vogetseder, Alexander Pestalozzi, Bernhard Clavien, Pierre-Alain Probst
Hensch, Nicole Kristiansen,Glen Jochum, Wolfram. Cell adhesion molecules P-cadherin and CD24
are markers for carcinoma and dysplasia in the biliary tract. Hum Pathol. 2010;41(11):1558-1565.

53.

Kunlabut, Kunlathida Vaeteewoottacharn, Kulthida Wongkham, Chaisiri Khuntikeo, Narong
Waraasawapati, Sakda Pairojkul,Chawalit Wongkham, Sopit. Aberrant expression of CD44 in bile
duct cancer correlates with poor prognosis. Asian Pacific journal of cancer prevention. 2012;13
Suppl:95-99.

54.

Itatsu, Keita Zen, Yoh Yamaguchi, Junpei Ohira, Shusaku Ishikawa, Akira Ikeda, Hiroko Sato,
Yasunori Harada, Kenichi Sasaki, Masatoshi Sakamoto, Hiroya Nagino, Masato Nimura, Yuji
Ohta,Tetsuo Nakanuma, Yasuni. Expression of matrix metalloproteinase 7 is an unfavorable
postoperative prognostic factor in cholangiocarcinoma of the perihilar, hilar, and extrahepatic bile
ducts. Hum Pathol. 2008;39(5):710-719.

55.

Lee KT, Liu TS. Altered mucin gene expression in stone-containing intrahepatic bile ducts and
cholangiocarcinomas. Dig Dis Sci. 2001;46(10):2166-2172.

56.

Kimura T, Finn O. MUC1 immunotherapy is here to stay. Expert opinion on biological therapy.
2013;13(1):35-49.

57.

Tamada, Shugo Goto, Masamichi Nomoto, Mitsuharu Nagata, Koji Shimizu, Takeshi Tanaka,
Sadao Sakoda, Koro Imai,Kohzo Yonezawa, Suguru. Expression of MUC1 and MUC2 mucins in
extrahepatic bile duct carcinomas: Its relationship with tumor progression and prognosis. Pathol
Int. 2002;52(11):713-723.

58.

Sasaki MN, Y. Frequent expression of MUC1 apomucin on biliary epithelial cells of damaged small
bile ducts in primary biliary cirrhosis and chronic viral hepatitis: An immunohistochemical study.
Hepatology. 1996;23(6):1313-1317.

59.

Yuan, Shi-Fang Li, Kai-Zong Wang, Ling Dou, Ke-Feng Yan, Zhen Han,Wei Zhang, Ying-Qi.
Expression of MUC1 and its significance in hepatocellular and cholangiocarcinoma tissue. World
Journal of Gastroenterology. 2005;11(30):4661-4666.

60.

von Mensdorff-Pouilly, S Snijdewint, F G Verstraeten, A A Verheijen,R H Kenemans, P. Human
MUC1 mucin: A multifaceted glycoprotein. Int J Biol Markers. 2000;15(4):343-356.

45

3

Chapter 3

61.

46

Dian, Darius Lenhard, Miriam Mayr, Doris Heublein, Sabine Karsten, Uwe Goletz, Steffen Kuhn,
Christina Wiest, Irmi Friese, Klaus Weissenbacher,Tobias Jeschke, Udo. Staining of MUC1 in
ovarian cancer tissues with PankoMab-GEX detecting the tumour-associated epitope, TA-MUC1, as
compared to antibodies HMFG-1 and 115D8. Histol Histopathol. 2013;28(2):239-244.

47

Chapter 3

48

Chapter 4
Lymph Node Micrometastases are Associated with
Worse Survival in Patients with Otherwise
Node-negative Hilar Cholangiocarcinom
H.T.J. Mantel, .K. Wiggers, J. Verheij, J.J. Doff, E. Sieders,
T.M. van Gulik, A.S.H. Gouw, R.J. Porte

Ann Surg Oncol. 2015; 22: 1107-15

49

Chapter 4

ABSTRACT
Background: Lymph node metastases on routine histology are a strong negative predictor
for survival after resection of hilar cholangiocarcinoma. Additional immunohistochemistry
can detect lymph node micrometastases in patients that are otherwise node-negative, but the
prognostic value is unsure. The objective of this study was to assess the effect on survival
of immunohistochemically detected lymph node micrometastases in patients with nodenegative (pN0) hilar cholangiocarcinoma on routine histology.
Methods: Between 1990 and 2010 a total of 146 patients underwent curative-intent resection
of hilar cholangiocarcinoma with regional lymphadenectomy in two university medical
centers in the Netherlands. Ninety-one patients (62%) without lymph node metastases at
routine histology were included. Micrometastases were identified by multiple sectioning of all
lymph nodes and additional immunostaining with an antibody against cytokeratin 19 (K19).
The association with overall survival was assessed in univariable and multivariable analysis.
Median follow-up was 48 months.
Results: Micrometastases were identified in 16 of 324 lymph nodes (5%), corresponding to
11 of 91 patients (12%). There were no differences in clinical variables between K19 lymph
node-positive and negative patients. Five-year survival rates in patients with lymph node
micrometastases were significantly lower compared to patients without micrometastases (27%
versus 54%, P=0.01). Multivariable analysis confirmed micrometastases as an independent
prognostic factor for survival (adjusted Hazard ratio 2.4, P=0.02).
Conclusion: Lymph node micrometastases are associated with worse survival after resection
of hilar cholangiocarcinoma. Immunohistochemical detection of lymph node micrometastases
leads to better staging of patients who were initially diagnosed with node-negative (pN0) hilar
cholangiocarcinoma on routine histology.
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INTRODUCTION
Hilar cholangiocarcinoma, also known as ‘Klatskin tumor’, is a malignancy originating from
the biliary epithelium at the confluence of the left and right hepatic duct.1 Curation can only
be achieved by complete surgical resection of the tumor, consisting of extrahepatic bile duct
resection with a partial hepatectomy, lymphadenectomy of the hepatoduodenal ligament and
occasionally portal vein or hepatic artery resection.2-4 Despite recent improvements in the
surgical technique, the prognosis after curative resection remains poor, with reported 5-year
survival rates below 40%. 2,4-6
Regional lymph node status is known to be an important predictor of survival after
resection.2,4,5,7,8 However, even patients without lymph node metastases at post-operative
pathological examination frequently develop tumor recurrence. One possible explanation is
the presence of micrometastases in the lymph nodes, resulting in understaging of the disease.
Conventional routine histological examination of the resected specimen includes single
sectioning of the lymph nodes with hematoxylin and eosin (H&E) staining. This procedure
may underestimate the incidence of nodal metastases. Additional immunohistochemical
staining with cytokeratin antibodies may facilitate the detection of small tumor depositis
in lymph nodes (micrometastases). In recent years a number of studies have shown the
clinical significance of immunohistochemically detected lymph node micrometastases in
a variety of tumors, including those of breast9, lung10, esophagus11-13, stomach14-17, colon18,19
and gallbladder20,21. Regarding hilar cholangiocarcinoma contradicting reports have been
published.22-24 This study was undertaken to further investigate the significance of multiple
lymph node sectioning and additional immunohistochemical detection of micrometastases
on the survival of patients who were initially classified as lymph node-negative (pN0) hilar
cholangiocarcinoma, based on conventional histological examination.

METHODS
Patients and operation
Between January 1990 and July 2010, a total of 146 patients underwent a curative-intent
resection and systematic lymph node dissection of the hepatoduodenal ligament for hilar
cholangiocarcinoma in two university medical centers in the Netherlands. Fifty-six patients
were treated in the University Medical Center Groningen (UMCG) and 90 in the Academic
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Medical Center Amsterdam (AMC). In 91 (62%) of these patients no lymph node metastases
were detected at conventional histological examination (H&E staining) of the surgical
specimen. There were 49 males and 42 females. Mean age was 62 ± 9 years (range 36-78
years).
All patients underwent extrahepatic bile duct resection with lymphadenectomy of the liver
hilum, in most cases in combination with (extended) hemihepatectomy. Standard regional
lymph node dissection consisted of an exploration of the hepatoduodenal ligament and
skeletonization of the portal vein and hepatic artery after the distal common bile duct was cut
at the level of the pancreatic head and dissected free. In accordance with the American Joint
Committee on Cancer (AJCC) seventh edition25 lymph nodes at the following locations were
defined as regional: along the cystic duct, common bile duct, proper hepatic artery and portal
vein. Routine dissection of more distant lymph nodes was not performed. However, suspected
distant lymph nodes (N2) were biopsied and the operation was aborted in case intra-operative
frozen section analysis of these samples showed tumor cells.
The majority of patients (91%) underwent a concomitant partial hepatectomy. Left
hemihepatectomy (either extended or not) was performed in 38 patients (42%) and (extended)
right hemihepatectomy was performed in 35 patients (38%). Ten patients (11%) underwent
only concomitant segment 4 resection. Portal vein resection and reconstruction was
undertaken in 18 patients (20%) and arterial resection and reconstruction was undertaken in
2 patients (2%). One patient underwent combined arterial and portal venous reconstruction.
Tumors were staged according to the TNM classification as proposed by the AJCC25. A total of
324 lymph nodes were retrieved from 91 surgical specimens. On all lymph nodes additional
immunohistochemical staining of cytokeratin 19 was performed.
None of the patients in either institute received postoperative chemotherapy or
radiotherapy since this is not recommended in the Dutch guidelines for bile duct carcinoma.

Immunohistochemistry
Formalin fixed paraffin embedded tissue blocks of the lymph nodes were retrieved from the
tissue archives of the departments of pathology in the AMC and UMCG. Four new levels of
each lymph node with a distance of 250µ between the levels were investigated. Two 4µ thick
sections of each level were cut serially. One section was stained with (H&E) and one with
an antibody against cytokeratin 19 (K19) (dilation 1:100, clone RCK108, DAKO, Glostrup,
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Denmark). All staining procedures were performed in the UMCG. The K19 staining was
performed using Ventana Benchmark Ultra automated stainer (Ventana Medical Systems,
Tuczon, AZ, USA), after pretreatment with protease.
Micrometastases were defined as: cells detected by immunostaining with morphologic
features of adenocarcinoma. H&E and K19 immunolabeled slides were investigated by two
experienced pathologists (ASHG + JJD) blinded for the demographic and clinicopathologic
features of patients.

Endpoints
The effect of micrometastases was assessed in terms of patient survival and time to
recurrence. Patients who died during postoperative hospital admission were excluded from
the analyses, because they were unlikely to have died from recurrent disease. Patient survival
was determined from the time of surgery to the time of death or most recent follow-up (March
17th 2014). No patient was lost to follow-up. The median follow-up among survivors was 52

4

months (range: 8 months - 20 years).
Recurrences were defined as any new lesion on imaging that was highly suspicious for recurrence
of hilar cholangiocarcinoma. Pathologic confirmation was often obtained, but not required.
Recurrences at the liver resection margin, distal bile duct remnant, hepaticojejunostomy, or
elsewhere in the liver hilum were classified as local recurrences. All other recurrences were
classified as distant. Time to recurrence was measured from the time of surgery to the time
of the first recurrence. Patients who had no observed recurrence were censored at the time of
last follow-up, and patients who died from other causes prior to developing a recurrence were
censored at the time of death.

Statistical analysis
Patient data and baseline characteristics were retrospectively collected in a database and
statistical analyses were carried out using IBM SPSS Statistics, (IBM, Armonk, New York,
USA). Continuous variables were expressed as the means ±SD. Categorical variables were
expressed as numbers and percentages. Comparison of means was performed with the Student
t-test for independent samples. Comparison of categorical variables was performed with the
Chi-Square test or Fisher’s exact probability test. Univariable analyses were conducted for
patient survival and time to recurrence by Kaplan-Meier estimates of survival probabilities
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and the log-rank test for comparisons. A Cox proportional hazard regression model was used
to analyze associations with patient survival in multivariable analysis, including all factors with
a P-value of less than 0.10 in univariable analysis. Because AJCC pT1 stage was considered a
potential confounder, we a priori included this variable in the Cox model. P-values were twosided and values of less than 0.05 were considered statistically significant.

RESULTS
Micrometastases were detected in 16 of 324 lymph nodes (5%) and in 11 of 91 patients (12%)
who were initially considered lymph-node negative by conventional histological examination
(Figure 1). The K19 labeling clearly highlighted the adenocarcinoma foci and confirmed their
biliary origin.

Figure 1. Cytokeratin 19 positive metastatic tumor cells in regional lymph nodes from resected hilar
cholangiocarcinoma specimens. (A) Micrometastases consisting of 2 small tumor glands (objective 4x).
(B) Micrometastases consisting of single tumor cells (arrow, objective 4x). (see color image on page 149)
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Postoperative death during hospital admission (in-hospital mortality) occurred in
11 of 91 patients (12%), who were subsequently excluded from the survival analyses. Inhospital mortality occurred only in the group without micrometastases (range: 8 – 80
days). Clinicopathologic details of the remaining 80 patients with and without lymph node
micrometastases are shown in Table 1. There were no statistically significant differences
between the two groups. During postoperative follow-up, 49 of 80 patients (61%) died. At the
end of follow-up 31 patients were alive, of whom 2 were diagnosed with disease recurrence.

Survival analysis
The survival rates for patients were calculated according to lymph node status. We defined
three groups: one group consisting of patients with lymph node (macro)metastases
Table 1. Clinicopathologic characteristics of patients after curative intent resection for hilar cholangiocarcinoma with and without lymph node micrometastases. Patients with in-hospital mortality (n=11)
were excluded from the analyses.
Lymph node micrometastases

4

P value

Absent (n=69)

Present (n=11)

Mean age in years (±SD)

61±10

59±6

0.398

Gender male/female

37/32

5/6

0.749

Type of hepatectomy
Left
Extended left
Right
Extended right
Only segment 4 resection
No liver resection

25
6
5
17
9
7

4
0
1
4
1
1

0.898

pT stage*
pT1
pT2a
pT2b
pT3
pT4

14
32
12
3
8

0
5
3
1
2

0.480

Microscopic resection margin
positive

20 (29%)

4 (36%)

0.726

Perineural invasion positive

39 (57%)

8 (73%)

0.311

Complication rate grade III
or IV**

24 (35%)

4 (36%)

0.919

Mean number of dissected
lymph nodes per patient

4

5

0.183

*according to the seventh edition of the AJCC Cancer Staging Manual.
**according to the Clavien-Dindo classification of surgical complications. Grade V (= in-hospital mortality) was
excluded.
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detected at routine H&E examination (pN1), a second group consisting of patients with
lymph node micrometastases detected with multiple sectioning and K19 staining (pN0
with micrometastases) and a third group consisting of patients without lymph node
micrometastases (pN0 without micrometastases). Five-year survival rates in patients
without lymph node micrometastases were significantly higher compared to the other groups
(P<0.001) (Figure 2). There was a significant difference in 5-year survival between patients
with and without micrometastases (27% versus 54%, P=0.01), but not between patients with
micro- and macrometastases (27% versus 15%, P=0.54).

No at risk
pN0 without micrometastases
pN0 with micrometastases
pN1

69
11
43

65
10
33

54
7
19

51
5
12

41
4
10

32
2
5

26
0
4

22
0
1

19
0
1

16
0
1

13
0
1

Figure 2. Survival after resection for hilar cholangiocarcinoma according to lymph node status. Patients
with in-hospital mortality were excluded from the analysis.
pN0 without micrometastases vs. pN0 with micrometastases: P=0.01 (log rank test).
pN0 with micrometastases vs. pN1: P=0.53 (log rank test). (see color image on page 150)
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Recurrence
During the study period, 30 of 80 patients (38%) developed disease recurrence (local
recurrence in 21 patients and distant metastases in 9 patients). Figure 3 presents the
estimated cumulative probability of recurrence over time according to the presence or absence
of micrometastases. At 5 years follow-up, the estimated probability of recurrence was 65% in
the group with micrometastases versus 33% in patients without micrometastases (P=0.06).
Next, the relationship between lymph node micrometastases and pattern of recurrence
was analyzed. There was a twofold higher percentage of distant site recurrences in the group
with micrometastases compared to the group without micrometastases (18% vs 9%), but this
did not reach stastistical significance (P=0.40).

4

No at risk
Without micrometastases
With micormetastases

0
0

8
1

12
4

16
6

20
6

21
6

Figure 3. Cumulative probality of reccurence after resection for hilar cholangiocarcinoma in patients
classified as pN0 based on routine histological examination, with or without lymph node micrometastases
on subsequent immunohistochemistry. Patients with In-hospital mortality were excluded from the
analysis. P=0.06 (log-rank test). (see color image on page 150)
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Analysis of prognostic factors in patients with pN0 disease
Prognostic factors for survival were identified using univariable analyses (Table 2). Two
variables, microscopic resection margin status (P=0.09) and lymph node micrometastases
(P=0.01), were identified as predictors for survival. These two variables were included
in a multivariable Cox regression analysis together with AJCC pT stage because this was a
priori considered a possible confounding variable. Only the presence of micrometastases
was identified as an independent predictive factor for survival in patients with pN0 hilar
cholangiocarcinoma (Hazard ratio 2.43, 95% CI: 1.16 – 5.10) (Table 2).
TABLE 2. Uni- and multivariable analysis of survival in patients with hilar cholangiocarcinoma classified
as pN0 based on routine histological examination*.
UNIVARIABLE ANALYSIS
Variable
Age (yr)
<60
≥ 60 yrs)
Gender
Male
Female
Type of hepatectomy**
Left
Right
pT stage***
T1
T2a and 2b
T3 and 4
Perineural invasion
Negative
Positive
Lymph node micrometastases
Negative
Positive
Microscopic resection margin status
Negative
Positive
MULTIVARIABLE ANALYSIS
Variable
pT stage***
T1
T2a and T2b
T3 and T4
Lymph node micrometastases
Microscopic resection margin status

No. patients

% 5-year survival

P-value

30 (38%)
50 (62%)

43
55

0.38

42 (53%)
38 (47%)

49
52

0.71

45 (63%)
27 (37%)

50
40

0.40

14 (17%)
52 (66%)
14 (17%)

71
47
41

0.37

33 (41%)
47 (59%)

47
53

0.60

69 (86%)
11 (14%)

54
27

0.01

56 (70%)
24 (30%)

56
38

0.09

Hazard ratio

95% Confidence
Interval

P-value

0.64 – 3.75
0.42 – 3.76
1.16 – 5.10
0.85 – 2.80

0.33
0.69
0.02
0.16

Reference category
1.55
1.25
2.43
1.54

*Patients with in-hospital mortality were excluded from the analysis
**Patients without concomitant liver resection (n=8) were excluded from analysis.
***According to the seventh edition of the AJCC Cancer Staging Manual.
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DISCUSSION
Lymph node metastases have been repeatedly identified as an important prognostic factor for
survival after resection of hilar cholangiocarcinoma.2,5,26 This has also been the experience of
the two centers participating in this study.4,7 The current study was undertaken to improve
tumor staging by identifying lymph node micrometastases in the pN0 group. To this end,
we applied rigorous multiple sectioning of the lymph node tissue blocks to achieve deeper
levels, investigated several levels of each lymph node and increased the sensitivity of tumor
cell identification by K19 immunolabeling. This method is a slight modification of the
histopathological investigation of sentinel nodes in other types of cancer, e.g. breast cancer
and melanoma. Using this technique, micrometastases were detected in 5% of the harvested
lymph nodes, which related to 12% of the 91 patients that were initially characterized as pN0
based on conventional histological examination of the surgical resection specimen with H&E
staining. Survival in the group with lymph node micrometastases was significantly worse
compared to patients without micrometastases and comparable to patients with pN1 disease.
There was a trend towards earlier tumor recurrence in patients with micrometastases,
almost reaching statistical significance (figure 3). Remarkably, the presence of lymph node
micrometastases was found to be a stronger predictor than the level of tumour invasion
(T-stage) and microscopic resection margin status (table 2). The same phenomenon has
previously been observed in a study by Yonemori et al.24 A possible explanation is that lymph
node micrometastases represent a more aggressive biological behavior of the tumor, similar
to lymph node metastases found on routine histology.
Only three previous studies, all from Japan, have addressed the effect of lymph node
micrometastases on survival in hilar cholangiocarcinoma and these studies have shown
contradictory results.22-24 Yonemori et al24 found lymph node micrometastases to be of
influence on the survival in a heterogeneous group of 151 patients with biliary cancer (including
gallbladder, intrahepatic cholangiocarcinoma and ampullary cancer). A subgroup analysis of
patients with hilar bile duct cancer only, revealed lymph node micrometastases in 4% of the
investigated nodes and in 22 of 83 patients (27%), but no significant impact on survival was
found. Similarly, Tojima et al23 detected lymph node micrometastases in 13 (1,4%) of the 954
examined lymph nodes, corresponding to 11 of 45 patients (24%) and also concluded that
lymph node micrometastases had no effect on postoperative survival. By contrast, Taniguchi
et al

22

found lymph node micrometastases in 14 (3.3%) of 423 lymph nodes and 11 of 28
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patients (39%) and these authors reported a significantly lower survival rate in patients with
lymph node micrometastases.
The current study is the first Western series in which the incidence of lymph node
micrometastases and its influence on survival was investigated and presents the largest cohort
up till now, consisting of 91 pN0 patients. There are some differences between our series and
those reported in literature.
Firstly, we found micrometastases in 12% of the patients who were initially considered
node negative on routine histological examination. This is slightly less than the 24-39%
reported in the three Japanese series.22-24 The number of serial sections that were cut from the
archival tissue blocks can be an explanation for this difference. In our study, four additional
sections were performed, with a distance of 250 ųm between consecutive levels, compared
to 5 to 8 serial sections reported in the three Japanese studies.22-24 We believe that with our
technique all tumor cell clusters in the lymph nodes were detected. Some authors state that
200ųm should be the maximum distance between consecutive levels.27 When adopting this
strategy we should have investigated five instead of four levels, but it is very questionable
whether this extra level would have significantly increased the sensitivity of the procedure.
To illustrate this, in the Japanese series the percentage of patients in whom micrometastases
were detected did not linearly rise with increased sectioning (24% in the study with 5 serial
sections23 versus 27% in the study with 8 serial sections).24 Recent studies of cancer of the
breast28, lung29, stomach30 and colorectum31 have classified metastatic tumor cells by size into
“micrometastases” (> 0.2 mm) and “isolated tumor cells” (≤ 0.2mm). In our series, this type of
further differentiation was not possible because in all cases metastatic tumor cells were larger
in size than 0.2 mm in size (between 0.2 and 0.4 mm). Increased sectioning would probably
have resulted in increased detection of isolated tumor cells. However, the significance of
isolated tumor cells remains subject of debate, even in breast cancer where this issue has been
studied more than in any other type of cancer.32
Secondly, lymphadenectomy in our population resulted in a mean of 4 lymph nodes per
patient (range 1-16), which is less than the 10-20 nodes per patient reported in the Japanese
series,22-24 but in line with other Western series33,34 and in accordance with the AJCC/UICC
Guidelines which recommend that at least 3 lymph nodes should be harvested for adequate
staging of hilar cholangiocarcinoma. The difference in number of harvested lymph nodes
between our study and the Japanese series can be explained by the variation in extent of the
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lymphadenectomy. In contrast to the Japanese experience it is not routine surgical practice
in the Netherlands to perform standard removal of N2 nodes (para-aortic, caval vein and
superior mesenteric). An N2 node is only removed when macroscopically suspicious and is
then sent for intra-operative frozen sections analysis. The surgical procedure is aborted when
frozen section analysis shows metastatic tumor cells.
The in-hospital mortality rate in the present study was 15% for the entire group of patients
and 12% in the group with pN0 disease. Some series report a lower mortality rate, but in these
series patients who only underwent extrahepatic bile duct resection, without concomitant
partial liver resection, were also included5. The vast majority of our patients (>90%) underwent
partial hepatectomy in addition to extrahepatic bile duct resection. Indeed, the postoperative
mortality rate in our population is comparable to the mortality rate of 10-11% described in
other series in which partial hepatectomy was part of the surgical procedure.34-36
In the current study micrometastases were detected by multiple sectioning of the
lymph nodes together with K19 immunohistochemistry. In our opinion, application of both
methods is important to detect micrometastases. In some cases micrometastases were
evident even without K19 staining (Figure 1A), but would not have been found if additional
sectioning had been omitted. In other cases K19 labeling was necessary to highlight the small
micrometastases.
In conclusion, this study shows that the presence of lymph node micrometastases in
patients with otherwise node negative hilar cholangiocarcinoma has a negative effect on
survival. The technique of multiple lymph node sectioning together with K19 immunostaining
results in improved staging of patients with hilar cholangiocarcinoma.
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ABSTRACT
Background and Objectives: To determine the accuracy and consequences of
intra-operative frozen section analysis (FS) of the proximal bile duct margins in hilar
cholangiocarcinoma (HCCA).
Methods: Between 1990 and 2014, 67 patients underwent combined extrahepatic bile duct
resection and partial liver resection for HCCA with the use of FS.
Results: Sensitivity and specificity of FS was 68% and 97%, respectively. Seventeen of 67
patients (25%) displayed a positive bile duct margin at FS. The false negative rate was 16%
(8 patients). Ten patients (15%) with a positive bile duct margin underwent an additional
resection in an attempt to achieve negative margins, which succeeded in 3 patients (4%).
However, only 1 of these 3 patients did not have concomitant lymph node metastases, which
are associated with a poor prognosis by itself.
Conclusions: The use of FS of the proximal bile duct is of limited clinical value because of
the relatively low sensitivity, high risk of false negative results and the low rate of secondary
obtained tumor-free resection margins. Supported by the literature, a new approach to the use
of FS in HCCA should be adopted, reserving the technique only for cases in which a substantial
additional resection is possible.
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INTRODUCTION
Hilar cholangiocarcinoma (HCCA) or Klatskin’s disease is a devastating tumor originating
from the biliary tract at the confluence of the right and left hepatic duct. Its treatment
remains a challenge and the only chance for curation is a radical surgical resection.1 In many
cases the disease has already progressed to advanced stages at presentation and for these
patients surgery is not feasible anymore. In contrast, in cases where complete resection is
obtained, five-year survival rates of 25-40% have been reported.2 For patients with nonradical resections (R1 or R2 status) and/or lymph node metastases the survival is in most
cases comparable to the survival of patients without surgical resection.3-10 In an attempt to
achieve radical resection, intraoperative frozen section analysis (FS) of the surgical margins is
used to determine whether an additional resection is necessary. This technique is widely used
in the surgical treatment of various malignancies including gynaecological, pancreatic, liver,
and breast cancer.11-14 However, in the treatment of HCCA the accuracy of FS is potentially
compromised because of the specific pathologic features of the tumor. HCCA is often not a
bulky tumor, but instead has a branchlike appearance, spreading longitudinally along the axis
of the bile duct wall, partially in the submucosal space with perineural, perilymphatic and
perivascular infiltration.15,16. This growth pattern may result in increased sampling errors.
Further, the clinical implications of a positive result of intraoperative frozen section
analysis are not always straight-forward. Although a positive bile duct resection margin found
at FS should guide towards a more extensive resection, this is not always possible in the surgical
treatment of HCCA. In contrast to a positive margin of the distal bile duct, which will result in
either a more distal dissection of the common bile duct or even in a pancreatoduodenectomy,
a positive proximal bile duct resection margin can put the surgical team in a difficult situation
because an additional resection of the liver parenchyma is often accompanied by increased
morbidity or is sometimes anatomically not possible.
Only a few studies have addressed the issue of intraoperative frozen section analysis of the
proximal bile ducts HCCA with contradictory results.17-21 The aim of the present study was to
(a) investigate the accuracy of intraoperative frozen section analysis of the proximal bile ducts
in patients with HCCA and (b) to determine the extent to which FS contributes to radical
resection of HCCA.
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MATERIALS AND METHODS
Patients
Between January 1990 and June 2014, a total of 74 patients underwent extrahepatic bile duct
resection combined with partial hepatectomy for HCCA at the University Medical Center
Groningen. In seven patients FS was not performed (in one case because Caroli’s disease
was suspected and in the other cases because a maximum resection was performed and it
was concluded that FS would not have any consequenses), resulting in a study group of 67
patients. Only patients with adenocarcinoma involving the hepatic duct bifurcation (left, right
and/or common hepatic duct) were included in this study. Follow-up was continued until
June 1st, 2015.
Diagnostic work-up
During the entire study period all patients with (suspected) HCCA were discussed in a
multidisciplinary team to evaluate eligibility for surgery.
As described previously, the working diagnosis of HCCA was based on clinical symptoms (i.e.
‘silent jaundice’) and findings at endoscopic retrograde cholangiopancreaticography (ERCP),
magnetic resonance cholangiography (MRC) percutaneous transhepatic cholangiography
(PTC), or combinations thereof.9 Preoperative pathological diagnosis by endoscopic brushings
or percutaneous fine-needle-aspiration was preferred, but in some cases positive cytology could
not be obtained and the diagnosis was based on suspicious radiological characteristics only. In
our early experience either an arteriography or a Doppler ultrasound of the liver vasculature
was performed to investigate whether involvement of the portal vein or hepatic artery was
present. When high resolution computed tomography (CT) angiography became available,
four-phase imaging of the liver was obtained to assess the vascular status. From 2006 magnetic
resonance imaging (MRI) and magnetic resonance cholangiopancreaticography (MRCP) was
increasingly used to determine the biliary anatomy and progression of the tumor. CT scanning
of the thorax was performed to exclude metastases. Diagnostic laparotomy or laparoscopy to
rule out peritoneal metastases prior to definitive surgery was not performed.
Surgical Technique
The surgical procedure for resection of HCCA has been described previously 9. Briefly, the
procedure started with an explorative laparotomy to exclude any peritoneal metastases.
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The liver and hepatoduodenal ligament were inspected to determine whether the planned
procedure was feasible. If during inspection an enlarged lymph node was encountered at the
aortocaval nodal stations or at the celiac trunk (N2 lymph nodes), it was biopsied and sent for
frozen section analysis. In case frozen section analysis showed metastatic tumor cells in the
sample, the surgical resection was considered futile and the procedure was therefore aborted.
The hepatoduodenal ligament was explored, consisting of regional lymph node dissection
and skeletonization of the portal vein and hepatic artery. The distal common bile duct was
cut at the level of the pancreatic head. The distal bile duct resection margin was checked
with frozen section. In case the distal resection margin was positive, a more distal bile duct
transection was performed or in some cases additional pancreaticoduodenectomy.
The bile duct connecting to the future liver remnant was dissected as far as possible into
the parenchyma and transected. A frozen section of the proximal bile duct resection margin
was taken to be informed about the presence or absence of remnant tumor cells. If a positive
margin was encountered, it was evaluated whether a more extensive resection was possible.
In some cases it was concluded that further resection was technically not feasible and the
procedure was completed with the knowledge of performing an R1 resection.
Intra-operative Frozen Section Analysis and Final Pathology
A 2- to 3-mm segment was taken from the cut ends of bile ducts for frozen section analysis. An
imprint was taken from the fresh tissue sample before embedding the margin cuff in TissueTek® (Sakura Finetek Europe B.V., the Netherlands) and frozen in liquid nitrogen. The
4-μm thick tissue sections were stained with haemotoxylin-eosin while the imprint specimen
was Giemsa stained. Both specimens were directly analyzed microscopically. Following
the intraoperative diagnosis the frozen samples were fixed in 10% formalin and embedded
in paraffin. Four-micron thick sections were cut from the paraffin blocks and stained with
haematoxylin-eosin. The paraffin slides were microscopically examined and the findings were
compared with the frozen section results to determine concordancy or discordancy between
the 2 samples. The surgical margin status of the proximal and distal bile ducts was classified as
positive when invasive carcinoma or carcinoma in situ was identified microscopically.
An R0 resection was defined as resection without microscopic tumor cells detected in the
biliary, vascular, or parenchymal surgical margins. A R1 resection was defined as microscopic
tumor deposits in one of the before mentioned surgical margins. A R2 resection was defined
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as a resection with macroscopic tumor deposits in one or more of the surgical margins. Nodal
status was defined positive (N1) if one or more of the hilar lymph nodes contained tumor
cells. Patients were staged according to the sixth edition of the American Joint Committee on
Cancer (AJCC) TNM staging system for HCCA.22
Study Design and Statistical Analysis
Patient data and baseline characteristics were retrospectively collected in a database and
statistical analyses were carried out using IBM SPSS Statistics, (IBM, Armonk, New York,
USA). Continuous variables were expressed as the means ±SD. Categorical variables were
expressed as numbers and percentages. Univariable analyses were conducted for patient
survival by Kaplan-Meier estimates of survival probabilities and the log-rank test for
comparisons. P-values of less than 0.05 were considered statistically significant.
Accuracy of intra-operative frozen section analysis of the bile duct margins was determined
by calculating the sensitivity, specificity, positive, and negative predictive value. Final
histopathological evaluation of the paraffin embedded slides was defined as the gold standard.
The consequences of intraoperative frozen section analysis were evaluated in two steps:
First, it was assessed whether a positive proximal bile duct resection margin found at FS
resulted in an additional resection or not. Second, the final resection status was established at
definitive histopathology (radical: R0, or non-radical: R1/R2).

RESULTS
Survival and prognostic factors
Patient, operative and final pathology characteristics of the 67 patients who underwent surgical
resection for HCCA and frozen section analysis of the proximal bile ducts are presented in
Table 1.
The 90-day mortality was 18% (12 patients), ranging from 4 to 80 days. For survival analyses,
patients with 90-day mortality were excluded. The overall one-, three- and five-year survival
rates in the remaining 55 patients was 84%, 46% and 32% respectively. Prognostic factors for
survival were identified using univariable analyses (Table 2). Final resection status approached
significance, but only lymph node status was shown to be a predictive factor for survival.
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Table 1. Demographics, surgical characteristics and final pathological findings in 67 patients with
resected hilar cholangiocarcinoma
Variable

Value

Mean age in years (±SD)

61 (±8)

Gender
−
−

40 (60%)
27 (40%)

Male
Female

Liver segments resected in combination with EHBD resection
−
1234
−
145678
−
45678
−
5678
−
234
−
4
−
15678
−
14
−
123
−
123458
Additional pancreatoduodenectomy
Vascular reconstruction
−
No
−
Yes:
−
Venous
−
Arterial
−
Arterial and venous
Mean estimated bloodloss in ml (±SD)
Tumor stage*
−
IA
−
IB
−
II A
−
II B
−
III
−
IV

22 (32%)
12 (17%)
11 (16%)
8 (12%)
5 (8%)
4 (6%)
2 (3%)
1 (2%)
1 (2%)
1 (2%)
6 (9%)
52 (78%)
11 (16%)
2 (3%)
2 (3%)
2200 (±1800)
2 (3%)
18 (27%)
16 (24%)

5

29 (43%)
0 (0%)
2 (3%)

*AJCC TNM staging system (6th edition, 2002)
Abbreviations: EHBD, extrahepatic bile duct.

Accuracy Calculations of Frozen Section Analysis
Accuracy calculations of FS of the proximal bile duct margins are summarized in Table 3.
Sensitivity and specificity of intraoperative frozen section analysis of the bile duct margins
were 68% and 97%, respectively. The positive predictive value and negative predictive value
of intraoperative frozen section analysis of the proximal bile duct margins were both 89%.
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Table 2. Univariable analysis of postoperative survival in patients with hilar cholangiocarcinoma. Twelve
patients with 90-day mortality were excluded from the analysis.
Variable

No. patients

% 5-year survival

P-value

<60
≥ 60

23 (42%)
32 (58%)

28
35

0.55

Male
Female

33 (60%)
22 (40%)

37
24

0.49

29 (53%)
26 (47%)

38
24

0.39

2 (4%)
29 (53%)
24 (43%)

100
44
13

0.21

Perineural invasion
Negative
Positive

9 (19%)
39 (81%)

33
35

0.91

Lymph node metastases
Negative
Positive

31 (56%)
24 (44%)

44
17

0.009

Final resection status
R0
R1

30 (55%)
25 (45%)

39
22

0.054

Age (yr)

Gender

Type of hepatectomy
Left
Right
pT stage*
T1
T2
T3

*According to the sixth edition of the AJCC Cancer Staging Manual.

Table 3. Accuracy calculation of frozen section analysis of the proximal bile duct margin during surgical
resection of hilar cholangiocarcinoma*
Positive resection margin
Negative resection margin at
at final pathology
final pathology
Positive result intra-operative
frozen section analysis
Negative result intra-operative
frozen section analysis

17

2

19

8

63

71

25

65

90

Sensitivity

68%

Specificity

97%

Positive likelihood ratio

22

Positive predictive value

89%

Negative predictive value

89%

*In some patients more than one proximal bile duct was examined by frozen section analysis.
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Consequences of Frozen Section Analysis of the Proximal Bile Ducts
The consequences of FS are visualized in Figure 1. Of the 67 patients in whom frozen section
analysis of the proximal bile ducts was performed, 50 patients had a negative result. However,
in 8 of these patients (16%) FS was false negative and at final histopathology it was found that
the proximal bile duct margin was positive for remnant tumor cells (R1 resection).
Seventeen patients (25%) had a positive margin at FS. In 10 patients (15%) an additional
resection of the proximal bile duct(s) was performed in an attempt to achieve tumor free bile
duct margins. In four patients (6%) the additional resections were successful and resulted in
secondary tumor free bile duct margins. However, final histopathology demonstrated in one
of these four patients another positive surgical margin (liver parenchyma).
The length of the additional resections in the three remaining patients was > 5 mm. One
patient underwent an additional liver segment resection with wide margins and in the other
two an additional proximal bile duct resection > 5 mm was possible. Two out of three patients,
in which a secondary R0 resection was achieved, showed concomitant N1 lymph node
metastases. Both patients died as a result of tumor recurrence at respectively seven months
and two-and-a-half years after surgery. As a consequence, only in one of 67 patients (1.5%) the
final resection status and prognosis improved by intraoperative frozen section analysis of the
proximal bile ducts. This patient is still alive with a follow-up of 10 years.

5

Recurrence of disease
For recurrence-of-disease analyses patients with 90-day mortality (n=12) were excluded.
There were 21 patients with local recurrences and 9 patients with distant metastases.
Local recurrences were found in 10/30 patients (33%) with an R0 resection versus 11/25
patients (44%) with an R1 resection (P=0.43). To investigate the effect of final resection status
on the probability of recurrence, a time-to-recurrence analysis was performed. At 5 years
follow-up, the estimated probability of recurrence was 51% in patients with an R0 resection
versus 76% in patients with an R1 resection (P=0.15) (figure 2). It was concluded that final
resection status had no impact on recurrence rate.

75

Figure 1. Flow chart showing the consequences of intra-operative frozen section analyses in patients with hilar cholangiocarcinoma.
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R0 resection

30

22

17

13

11

10

R1 resection

25

19

10

5

5

4

Figure 2. Cumulative probality of reccurence after resection for hilar cholangiocarcinoma according to
final resection status (R0 versus R1). Patients with in-hospital mortality were excluded from the analysis.
P=0.15 (log-rank test). (see color image on page 151)

DISCUSSION

5

The present study shows that intraoperative frozen section analysis of the proximal bile ducts
is of limited value because of two reasons.
First, we found a low sensitivity rate of 68%, which means that in almost one third of
cases, FS did not detect tumor cells at the resection margin. In addition, the false negative
rate of 16% was relatively high, corresponding to 8 patients, in whom an additional resection
was erroneously withheld, resulting in suboptimal treatment. The best explanation for the
impaired sensitivity of intraoperatieve frozen section analysis in HCCA is the specific growth
pattern of the tumor, which is characterized by a longitudinal, infiltrative extension along
the mucosa and submucosal spaces leading to sampling errors.15,16 A few studies are available
describing the use of frozen section analysis in the treatment of HCCA (table 4). Only Okazaki
et al17 reported a sensitivity rate of 75%, which is comparable to the sensitivity rate of 68%
found in the present study. However, most studies did specify their rate of false negative
results, ranging from 2-28.17-20 The false negative rate of 16% in our series is therefore in
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accordance with the literature.
Second, the extent to which FS contributed to radical resections was low, because in
only three patients a secondary R0 resection could be achieved. In all other cases additional
resection was not possible or failed in its goal to obtain a negative bile duct margin. Table
4 shows that low rates of secondary obtained R0 resections (4-9%) are reported by most
authors.18-20 In many cases, additional resection guided by a positive result of frozen section
analysis is not possible from anatomic and technical points of view. An exception to the rule is
the article from Ribero et al21 which showed a secondary R0 resection rate of 19%. A possible
explanation for this difference is that these authors performed relatively minor resections as
was suggested by one of the discussants at the end of the article. However, the distribution of
(extended) left and (extended) right hepatectomy was very comparable to our series. It should
be noted that the high rate of secondary obtained R0 resections in this study was accompanied
by a high rate of postoperative complications, especially biliary fistula, suggesting that
additional resections are indeed technically demanding.21
An important question is whether or not a secondary R0 resection will improve prognosis.
Unfortunately, our numbers were not large enough to allow a survival analysis comparing
patients with a secondary obtained R0 resection to those with an R1 or primary R0 resection.
Table 4 shows that four authors addressed this issue. Endo et al18 and Shingu et al19 were
able to perform a formal survival analysis and found that secondary obtained R0 resections did
not improve prognosis. Survival in the secondary R0 group was comparable to the group with
R1 resections. Lee et al20 did not perform a survival analysis, but noticed disease recurrence
and subsequent tumor induced death in five of seven patients with a secondary obtained
R0 resections. These authors also concluded that there was no survival benefit of secondary
achieved radical resections. Ribero et al21 published the only study in which an improvement
in prognosis was found in the secondary R0 group. Thirteen patients in this group had a fiveyear survival rate of 50% which was comparable to the primary R0 group (five-year survival
rate of 31%) and significantly better than the R1 group (five-year survival rate of 0%).
In this study, lymph node status was deliberately included in the overview of the final
pathology. The presence of regional lymph node metastases has repeatedly been shown to
have a negative impact on survival,4,23,24 which was also confirmed in our univariable analysis
(table 2). When brought into consideration, regional lymph node metastases were found in
two of three patients with a secondary obtained R0 resection, which is detrimental to the
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Table 4. Overview of the literature.
Author

n

Sensitivity

Number of patients in
which a secondary R0
resection was obtained

Survival benefit of secondary
R0 resections compared to
R1 resection?

Okazaki et al, 200217

23

75%

0 (0%)

-

Endo et al, 2008

101

NR

9 (9%)

no

Shingu et al, 200919

138

NR

8 (6%)

no

Ribero et al, 2011

67

NR

13 (19%)

yes

Lee et al, 2012

162

NR

7 (4%)

no

Present study

67

68%

3 (4%)

-

18

21

20

Abbreviations: NR: not reported.

expected prognosis. In retrospect, it can be concluded that of 67 patients in which frozen
section analysis was performed, only one patient ultimately benefitted from the procedure
because in this patient resection margins as well as lymph node status were negative.
Considering the low sensitivity rate, high false-negative rate and low rate of secondary
achieved R0 resections in our series, together with the lack of improved survival after
secondary R0 resection reported by most authors in the literature, it could be concluded that
frozen section analysis has no value in the treatment of HCCA. Some authors have advocated
performing extended resections as the surgical procedure of choice since it results in the
highest rates of R0 resections and five-year survival.25 When adopting this strategy, frozen
section analysis of the proximal bile duct can indeed be abandoned because further resection
will be impossible. However, an interesting observation was made by Endo et al18 that patients
with a wide resection margin of the proximal bile duct showed a significant better five-year
survival than patients with a narrow resection margin, 43% versus 18% respectively. It
therefore seems reasonable to not completely abandon the use of frozen section analysis of the
proximal bile ducts, but to reserve this technique only for those cases in which an additional
resection with substantial length is possible. The length of the additional resection could be
estimated on >5mm since a tumor-free proximal bile duct margin of 5 mm was found to be
sufficient in avoiding local recurrences.26
Our study has a number of disadvantages related to its retrospective design and limited
number of patients, which prevented us from performing a survival analysis of the secondary
R0 group. However, as can be concluded from table 4, limited numbers are common in most
studies of HCCA since hilar cholangiocarcinoma is a rare disease.
79

5

Chapter 5

CONLUSIONS
In conclusion, this study shows that the use of intraoperative frozen section analysis of the
proximal bile ducts has a low sensitivity, high rate of false-negative results and a limited
contribution in obtaining secondary R0 resections. This finding, together with the fact that
secondary R0 resections do not improve survival in most reports in the literature, justifies
a new approach to the use of FS, reserving the technique only for those cases in which a
substantial additional resection is possible.
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ABSTRACT
Liver transplantation after neoadjuvant chemoradiotherapy has emerged as an effective
treatment for patients with localized, node-negative, unresectable hilar cholangiocarcinoma
(CCA) or CCA arising in the setting of primary sclerosing cholangitis (PSC). However, concern
has arisen regarding the potential for vascular complications due to high-dose neoadjuvant
therapy before transplantation. We reviewed our experience with specific aims to determine
the incidences of arterial, portal, and hepatic venous complications in patients transplanted
for CCA compared with patients who undergo transplantation for other indications, and to
describe patient outcome as a result of these vascular complications.
We reviewed data for all patients who underwent liver transplantation for CCA between
January 1993 and April 2006 and compared the incidences of vascular complications to whole
organ and living donor recipient control groups.
Sixty-eight patients underwent neoadjuvant therapy and subsequent liver transplantation.
Arterial complications arose in 21%; portal venous complications arose in 22%; and overall,
40% developed vascular complications. Late hepatic artery complications occurred more
often in living donor recipients transplanted for CCA compared with the living donor control
group (P=0.047). Late portal vein complications occurred more often in both whole organ
and living donor recipients transplanted for CCA compared with the control groups (P=0.01
and P=0.009). Hepatic venous complications were rare. Patient and graft survival were not
different between CCA and control patients.
Liver transplantation with neoadjuvant therapy is associated with far higher rates of late
arterial and portal venous complications, but these complications do not adversely affect
patient and graft survival.
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INTRODUCTION
Cholangiocarcinoma (CCA) is a devastating disease. Resection is widely accepted as
conventional treatment.1 Unfortunately, 5-year survival is only 20-40% for resectable CCA,
and few tumors are amenable to resection.2-6 Liver transplantation alone is an equally poor
treatment. Five-year survival was only 28% and recurrence was 51% in the large series reported
by the Cincinnati Transplant Tumor Registry.7 Others have also reported disappointing
results, even for incidentally detected CCA.8 In 1993, we developed a protocol combining the
benefits of radiotherapy, chemosensitization, liver transplantation, and appropriate patient
selection for patients with unresectable hilar CCA.9 Patient survival is high –80% at 5 years
after transplantation– and exceeds results with resection for patients with resectable disease.10
From the outset, we have been concerned about the adverse effect that neoadjuvant therapy
might have on the transplantation procedure and patient outcome. Indeed, we encounter
occasional difficulty oversewing the recipient hepatic artery because the vascular tissue
may be friable. We also had several problems with hepatic artery thrombosis early in our
experience and abandoned use of the native artery for reconstruction during deceased donor
liver transplantation.9 Likewise, we often encounter difficulty with the portal vein dissection,
especially separating it from the common bile duct. We have observed an unusually high
incidence of late portal vein problems, which we attribute to the neoadjuvant therapy.
Liver transplantation after neoadjuvant therapy has emerged as effective therapy for patients
with CCA. With wider spread application of this treatment strategy, recognition, and
treatment of vascular complications will gain importance. We thus reviewed our experience
to describe the incidence and treatment of vascular complications after neoadjuvant therapy
and liver transplantation for CCA. Our specific aims were to determine the incidences of
arterial, portal, and hepatic venous complications compared with patients who underwent
liver transplantation for other indications, and to determine patient and graft outcome in
patients who develop vascular complications.

MATERIALS AND METHODS
This retrospective study was conducted after review and approval by the Mayo Clinic
Institutional Review Board. Data were abstracted from patient medical records and a database
maintained on all patients treated for CCA in our transplant center. We reviewed data for all
patients who underwent neo-adjuvant therapy and subsequent liver transplantation at Mayo
87
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Clinic Rochester between January 1993 and April 2006. Follow-up was through May 2006.
The neoadjuvant protocol that patients completed before undergoing liver transplantation
has been previously described in detail.9-11 In summary, patients received external-beam
radiotherapy to a target dose of 4,500 cGy in 30 fractions. Concomitantly, intravenous
fluorouracil was provided at 500 mg/m2 as a daily bolus for the first 3 days of radiation.
Two or 3 weeks after completion of the externalbeam radiotherapy, a transluminal boost
of radiation was delivered by a transcatheter iridium-192 brachytherapy wire, with a target
dose of 2,000-3,000 cGy. Thereafter, patients were treated with oral capecitabine at a dose of
2,000 mg/m2 per day for 2 out of every 3 weeks, as tolerated until transplantation. A staging
laparotomy was performed on completion of the brachytherapy. It consisted of complete
abdominal exploration with biopsy of any abnormal lymph node or nodules suspicious for
tumor, examination of the tumor, and routine biopsy of regional lymph nodes. Only patients
with negative staging operations remained eligible for liver transplantation.
Transplantation was performed with deceased donor livers, living donor right livers, and
a familial amyloid domino liver. The liver grafts were inspected before transplantation. In the
case of aberrant arterial anatomy, a reconstruction was carried out on the back table. Between
1993 and 1997, transplantation was performed with excision of the retrohepatic vena cava
followed by donor caval interposition using portovenous and venovenous bypass. After 1997,
caval-sparing hepatectomy became the standard technique in our center and was also used
to treat CCA patients, unless there was suspected caudate involvement. We avoided the hilus
during dissection and divided the bile duct, hepatic artery, and portal vein as low as possible.
Since 1999, frozen sections of bile duct margins are obtained and evaluated for involvement.
If tumor was present at the margin, we proceeded with pancreatoduodenectomy in addition
to hepatectomy and transplantation. To minimize the anticipated risk of radiation-induced
vascular complications, arterial reconstruction was preferentially performed with a donor
iliac artery interposition graft to the infrarenal aorta during deceased donor transplantation.
All living donor transplants were performed with a segment of deceased donor iliac vein as
an interposition graft between the donor right portal vein and recipient portal vein. Biliary
reconstruction was with a Roux-en-Y hepatico- or choledochojejunostomy, or with a standard
pancreatoduodenectomy reconstruction.
Duplex Doppler ultrasonography for assessment of vascular patency was routinely performed
on days 1, 7, and 21, at 4 months, and annually after transplantation for all deceased and
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living donor liver recipients. Patients with CCA, hepatocellular carcinoma, or other liver
malignancies also underwent annual computed tomographic (CT) scans of the abdomen and
chest for the first 5 years after transplantation. Additional studies were obtained whenever
clinically necessary. Abnormal findings were further evaluated with angiography, contrast CT
scan, or reoperation. All vascular thrombosis and stenosis were confirmed by angiography,
contrast CT scan, or reoperation.
To assess the effect of radiotherapy on the incidence of vascular complications after
transplantation, we performed 2 comparative analyses with 2 separate control groups. In the
first analysis, we compared vascular complication rates between CCA recipients of whole
liver allografts to recipients of whole liver allografts transplanted for other indications
between June 2000 and April 2006. All patients in this analysis had a deceased donor iliac
artery interposition graft to the infrarenal aorta. In the second analysis, we compared vascular
complication rates between CCA recipients of living donor livers to recipients of living donor
livers who underwent transplantation for other indications. All patients in this analysis had
arterial reconstruction to the recipient common hepatic artery or a distal branch (proper, left,
or right hepatic artery) without an interposition graft and underwent transplantation between
June 2000 and April 2006.
Statistical analyses were performed by JMP version 6.0 (SAS Institute, Cary, NC).
Continuous variables were compared by the 2-tailed unpaired t-test, and the Pearson χ2 test
was used for categorical variables. In the case of small numbers, we applied the Fisher exact
test. P < 0.05 was considered significant.

6

RESULTS
Sixty-eight patients with CCA completed neoadjuvant therapy and underwent liver
transplantation at Mayo Clinic Rochester between January 1993 and April 2006. There
were 49 men and 19 women with a mean age at transplantation of 49 years (range, 22-66
years). Forty-two patients (62%) had underlying PSC. Liver allografts included 51 deceased
donor whole livers (75%), 16 living donor right livers (23.5%), and 1 familial amyloid domino
donor whole liver (1.5%). Eleven transplantations were performed with excision and 57 with
sparing of the retrohepatic vena cava. Arterial reconstruction was accomplished with an
iliac artery interposition graft to the infrarenal aorta for all but 7 recipients of whole organ
grafts. Eleven donor livers had replaced right hepatic arteries that were sewn to the donor
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gastroduodenal artery (n=6), splenic artery (n=4), or celiac trunk (n=1). Another donor liver
had replaced right and left hepatic arteries that were sewn together before implantation. A
small accessory right hepatic artery was encountered during procurement of a living donor
right liver, and it was sewn to the cystic artery that arose from the main right hepatic artery.
All 16 living donor recipients and 2 whole donor recipients had deceased donor iliac vein
grafts either as an interposition graft between the donor and recipient portal veins or as a graft
between the donor portal vein and the recipient superior or inferior mesenteric veins. Biliary
reconstruction was with a Roux-en-Y choledochojejunostomy (whole organ grafts), Rouxen-Y hepaticojejunostomy (living donor grafts) or a choledochojejunostomy with standard
pancreatoduodenectomy reconstruction for those patients who underwent combined
pancreatoduodenectomy and liver transplantation.
Vascular Complications
We identified 35 vascular complications occurring in 27 (40%) of 68 patients. Eight patients
developed both arterial and portal venous complications (n=4), arterial and hepatic vein/
caval complications (n=2), and portal and hepatic vein/caval complications (n=2). Twenty of
27 patients with vascular complications were alive at last follow-up. Five patients underwent
retransplantation for vascular (arterial) complications. Two deaths were attributable to
vascular complications (whole donor patient 12 and living donor patient 1). Four deaths were
due to recurrent CCA, and one death was due to sepsis from an uncontrollable retained Wall
stent leak.
Hepatic Artery Complications
Fourteen patients (21%) developed hepatic artery complications, 7 within 30 days and 7
between 2 and 11 months after transplantation (Tables 1 and 2). Two deaths were attributable
to hepatic artery complications. Hepatic artery complications developed in 7 (13%) of 52
whole organ recipients. One patient required retransplantation for arterial thrombosis at
1 month. This patient was early in our experience, before routine use of iliac artery grafts
for reconstruction to avoid anastomoses to the irradiated recipient artery. Two additional
arterial thromboses were treated with operative thrombectomy. Both required subsequent
angioplasty procedures for stenosis, and one eventually developed thrombosis that
required retransplantation. One patient with late thrombosis was successfully treated with
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thrombolysis and angioplasty. Two patients developed arterial stenosis at the anastomosis
between the donor common hepatic artery and the iliac artery graft (1 week and 11 months)
and were successfully treated with angioplasty and angioplasty/stent placement. Another
patient required emergency retransplantation for graft failure and developed hepatic artery
thrombosis at 3 weeks. Operative intervention was unsuccessful, and he died during attempted
retransplantation for cholangiopathy.
Hepatic artery complications developed in 7 (44%) of 16 living donor recipients, including
2 early and 5 late (2-11 months) complications. Two patients developed arterial thrombosis.
One had a late thrombosis (living donor recipient 2, at 3 months) with spontaneous
rearterialization but died from recurrent CCA at 24 months. Living donor recipient 6 had
arterial thrombosis at 2 weeks and underwent operative thrombectomy and subsequent
reoperation for a pseudoaneurysm. He is alive with a patent artery 16 months after
transplantation. Five patients developed arterial stenosis. Four of the patients had stenoses
at the donor-recipient arterial anastomoses. Two were successfully treated with angioplasty.
One died from sepsis (unrelated to the stenosis) and another eventually developed thrombosis
and died after retransplantation. Living donor recipient 4 developed an early
stenosis due to a donor artery injury during procurement. An attempted angioplasty required
stent placement for intimal dissection and led to thrombosis that required retransplantation.
Portal Vein Complications
Fifteen (22%) of 68 patients developed portal vein complications, including 5 thromboses
and 10 stenoses. Three early portal complications were all thromboses. Twelve late
complications included 10 stenoses and 2 thromboses. Portal vein stenoses involving the
recipient portal vein and the anastomosis developed in 7 of the 52 whole organ recipients.
Early in our experience, we observed progression of portal vein stenosis in several patients
and 2 thromboses. Because of the progressive nature of late portal vein stenosis, we decided
to intervene, regardless of symptoms, for all patients with portal stenosis. All were treated
with percutaneous transhepatic portal angioplasty and stent placement (Figs. 1 and 2) with
conscious sedation and local anesthesia. From the right midaxillary approach, a 22-gauge
Chiba needle was advanced under fluoroscopic guidance into the liver, and small amounts
of contrast were injected as the needle was withdrawn. When the needle tip was identified
within a portal vein branch, a guidewire was advanced into the portal system, followed by a
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65
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Age (yrs)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Iliac artery
graft

-

HAT (month 5)

-

HAS (month 11)

-

Angiographic thrombolysis + PTA

-

PTA, repeat PTA and stent

-

PVS (month 4)

-

PVS (month 9)

-

PVT (day 18)

PVS (month 3
after re-OLT)

Re-OLT
Unsuccessful operative thrombectomy and
thrombolysis, Second re-OLT for HAT and
cholangiopathy

PGF (day 2)
HAT (day 24
after re-OLT)
-

PVT (day 15)

-

PVS (month 9)

-

Operative thrombectomy, PTA and stent for HAS,
repeat PTA (x2)
-

PVT (day 1)

-

-

PVS (month 7)

PVS (month 11)

PTA + stent

-

PTA + stent

-

4, Alive

8, Alive

9, Alive

13, Alive

14, Alive

Operative revision (2x),
anticoagulation for early recurrent
PVT

22, Alive

Operative revision, PTA + stent for
late PVS

5, Dead (intraoperative
during attempted second
re-OLT

17, Dead (recurrent CCA)

PTA + stent, no intervention for late
recuurent PVS due to recurrent CCA

-

27, Alive

33, Alive

38, Alive

34, Alive

-

Operative thrombectomy

-

-

47, Dead (recurrent CCA)

84, Alive

PTA, repeat PTA + stent for
persistent PVS, failed repeat PTA
for PVT

85, Alive

PTA + stent, repeat PTA and
restenting for early PVT

65, Dead (recurrent CCA)

160, Alive

Follow-up (months) and
status

PTA + stent

Anticoagulation

PVS (month 41)

-

PVT (month 62)
recurrent CCA)

Treatment and outcome

-

Portal vein
complication

-

PTA

Operative embolectomy , PTA for HAS, Re-OLT for
HAT, observation for HAS after re-OLT.

-

-

-

-

Re-OLT

Treatment and outcome

-

-

HAT (day 1)

-

HAS (day 6)

HAT (day 1)

-

-

-

-

HAT (day 26)

Hepatic artery
complication

Abbreviations: HAT: hepatic artery thrombosis. HAS: hepatic artery stenosis. PVT: portal vein thrombosis. PVS: portal vein stenosis. PTA: percutaneous transluminal angioplasty.
Re-OLT: orthotopic liver retransplantation. PGF: primary graft failure.
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Yes

Iliac artery
graft

PTA, re-OLT for late HAT

Spontaneous revascularization prior to planned
re-OLT

No intervention

PTA, PTA + stent for persistent HAS, re-OLT for
stent occlusion and HAT
PTA, operative exploration and PTA + stent for
persistent HAS, repeat PTA for late recurrent HAS

HAS (month 2)

HAT (month 3)

HAS (month 2)

HAS (day 7)

-

Operative revision, reoperation for mycotic
pseudoaneurysm
PTA, repeat PTA for persistent HAS
PTA

-

HAT (day 17)

HAS (month 6)
HAS (month
11)

HAS (day 21
after deceased
donor re-OLT)

Treatment and outcome

Hepatic artery
complication

PVS (month 11)

PVS (month 3)

-

PVT (month 13)

-

-

PVS (month 3)

-

Portal vein
complication

PTA

Asymptomatic, no intervention

-

Asymptomatic, no intervention

-

-

PTA, repeat PTA for persistent PVS

-

Treatment and outcome

12, Alive

15, Alive

16, Alive

23, Alive

37, Alive

2, Dead
(sepsis from retained Wall
stent leak)

24, Dead (recurrent CCA

4, Dead
(sepsis after re-OLT)

Follow-up (months) and
status

Abbreviations: HAT: hepatic artery thrombosis. HAS: hepatic artery stenosis. PVT: portal vein thrombosis. PVS: portal vein stenosis. PTA: percutaneous transluminal
angioplasty. Re-OLT: orthotopic liver retransplantation. PGF: primary graft failure.

Gender

Patient
no.

Table 2. Living Donor Liver Allograft Recipients
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Figure 1. Portal vein stenosis – transhepatic angiography.

Figure 2. Portal vein stenosis – transhepatic angioplasty and stent placement.
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5-F angiographic catheter.
Portal venography was performed to characterize the stenosis. The lesions were predilated
with standard angioplasty balloons, with selective stenting for cases that did not respond
satisfactorily to the angioplasty alone. At the completion of the procedure, the transhepatic
track was occluded with 3- or 5-mm embolic coils to prevent intraabdominal hemorrhage. Two
patients with portal venous complications died from recurrent CCA, and another died during
retransplantation for hepatic artery thrombosis and cholangiopathy (patient 12; Table 1). The
other 4 patients are alive with patent portal veins 4-85 months after transplantation, 1-45
months after angioplasty and stent placement.
Four whole organ recipients developed portal vein thrombosis. Three patients with
early thrombosis underwent operative thrombectomy. One required angioplasty and stent
placement 1 year later for portal stenosis, and all are alive with patent portal veins 14, 22, and
33 months after transplantation. Another patient developed portal vein thrombosis 5 years
after transplantation that was associated with locally recurrent CCA.
Portal vein stenoses developed in 3 of 16 living donor recipients at 3-11 months after
transplantation. The stenoses appeared to involve the anastomoses between the deceased
donor iliac vein grafts and the recipient portal veins. Two were successfully treated with
percutaneous transhepatic portal angioplasty (no stents); one died from recurrent CCA, and
the other is alive with a patent portal vein 12 months after transplantation and 1 month after
angioplasty. Treatment was withheld for 1 asymptomatic patient with modest stenosis. The
patient is alive with a patent portal vein 15 months after transplantation and 12 months after
detection of stenosis.
One living donor recipient developed asymptomatic portal thrombosis 12 months after
transplantation. He is alive and doing well 23 months after transplantation.
Hepatic Vein and Inferior Vena Cava Complications
Six (12%) of 52 whole organ recipients developed venous outflow obstruction. Two caval and
2 hepatic venous thrombotic complications occurred early after transplantation. Two patients
developed late stenotic complications, one involving the donor suprahepatic cava anastomosis
and the other involving the recipient vena cava. One of the 4 thrombotic complications was
treated with percutaneous transvenous angioplasty. The other 3 patients had nonocclusive
thromboses and were initially treated with anticoagulation. Two patients subsequently
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Table 3. Deceased Donor Graft Recipients.
Characteristic

DD-CCA patients with arterial
interposition graft

DD-control patients with
arterial interposition graft

No. of patients

45

52

Mean age (yr)

49 (22 – 66)

52 (20 – 71)

0.11

P value

Gender

Male
Female

34
11

33
19

0.20

Primary sclerosing
cholangitis

Yes
No

26
19

4
48

<0.000

Hepatic artery
Complication

Early Late

3 (1 – 26 days)
2 (127 – 323 days)

4 (day 0 or day 1)
4 (38 – 1293 days)

0.85
0.68

Portal vein
Complication

Early
Late

3 (1 – 18 days)
8 (61 – 1886 days)

2 (1 – 23 days)
1 (98 days)

0.66
0.01

Venous outflow
obstruction

Early
Late

4 (6 – 26 days)
2 (212 – 811 days)

1 (2 days)
1 (88 days)

0.18
0.60

Retransplantation

3

2

0.66

Dead

1

0

0.46

Abbreviations: DD, deceased donor; CCA, cholangiocarcinoma.
Table 4. Living Donor Graft Recipients.
Characteristic

LD-CCA patients without
arterial interposition graft

LD-control patients without
arterial interposition graft

P value

No. of patients

11

38

Mean age (yr)

49 (30 – 64)

51 (18 – 69)

0.66

Gender

Male
Female

6
5

24
14

0.61

Primary sclerosing
cholangitis

Yes
No

8
3

15
23

0.052

Hepatic artery
Complication

Early Late

1 (18 days)
2 (168 – 329 days)

7 (0 – 18 days)
0

0.66
0.047

Portal vein
Complication

Early
Late

0
3 (75 – 368 days)

1 (day 0)
0

1.00
0.009

Venous outflow
obstruction

Early
Late

0
0

0
1 (day 43)

Retransplantation

2

1

0.12

Dead

1

1

0.40

Abbreviations: LD, living donor; CCA, cholangiocarcinoma.

required percutaneous transvenous angioplasty for residual stenoses. The 2 patients with
stenotic complications underwent angioplasty with stent placement. One of the patients
died 3 years later from recurrent CCA. No graft losses or deaths were attributable to venous
complications
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Whole Donor Liver Recipient Comparison
We compared the incidences of vascular complications for patients who underwent whole organ
liver transplantation from a deceased donor for CCA (DD-CCA) to patients who underwent
whole organ liver transplantation for other indications (DD-control) between June 2000 and
April 2006. We included only recipients of whole donor livers that had arterial reconstruction
with deceased donor iliac grafts to the recipient infrarenal aorta in both the CCA and control
groups. There were 45 patients in the DD-CCA group and 52 patients in the DD-control group
(Table 3). There were more patients with underlying PSC in the DD-CCA group. Otherwise,
gender and age distributions were similar. There were no statistically significant differences in
early or late hepatic artery complications in the 2 groups. Early hepatic artery complications
occurred in 3 patients (6.7%) in the DD-CCA group vs. 4 patients (7.7%) in the DD-control
group (P=0.85). Late hepatic artery complications occurred in 2 patients (4.4%) in the DDCCA group vs. 4 patients (7.7%) in the DD-control group (P=0.68).
Portal vein complications were far higher in the DD-CCA group. Early portal vein problems
occurred in 3 patients (6.7%) in the DD-CCA group vs. 2 patients (3.8%) in the DD-control
group (P=0.66). Late portal vein complications developed in 8 patients (17.8%) in the DDCCA group vs. 1 patient (1.9%) in the DD-control group (P=0.01).
Hepatic venous outflow and caval complications were slightly higher in the DD-CCA group
vs. the DD-control group. Four (8.9%) DD-CCA patients had early complications vs. 1 (1.9%)
DD-control patient (P=0.18), and 2 (4%) DD-CCA patients had late complications vs. 1 (1.9%)
DD-control patient (P=0.60).
Outcome was comparable for the 2 groups. Retransplantation was necessary for 3 patients
(6.7%) in the DD-CCA group vs. 2 patients (3.8%) in the DD-control group (P=0.66). Similarly,
1 patient (2.2%) died in the DD-CCA group vs. 0 deaths in the DD-control group (P=0.46).

Living Donor Liver Recipient Comparison
We compared the incidences of vascular complications for patients who underwent living
donor liver transplantation for CCA (LD-CCA) with patients who underwent living donor liver
transplantation for other indications (LD-control) between June 2000 and April 2006.
Because our initial experience with living donor liver transplantation for CCA using deceased
donor iliac artery grafts was poor,12 we excluded patients with iliac artery grafts from both
groups for comparison. There were 11 patients in the LD-CCA group and 38 in the LD-control
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group. As expected, more patients in the LD-CCA group had PSC. Otherwise, gender and age
distributions were similar for the 2 groups (Table 4). Arterial complications were slightly more
common in the LD-CCA group than the LD-control group. Early hepatic artery complications
occurred in 1 (9.1%) LD-CCA patient vs. 7 (18.4%) LD-control patients (P=0.66). Late hepatic
artery complications occurred in 2 (18.2%) LD-CCA patients vs. none (0%) LD-control
patients (P=0.047).
Portal vein complications were far more common in the LD-CCA group than the LDcontrol group. Early portal vein complications were unusual in both groups, 0 in the LDCCA group and 1 (2.6%) in the LD-control group. Late portal vein complications were more
frequent in the LD-CCA group. The LD-CCA group had 3 (27.3%) late portal complications vs.
none in the LD-control group (P=0.009).
Hepatic venous and caval complications were uncommon in both groups; there was only
one patient in the LD-control group that developed a late complication.
Outcome was comparable for the 2 groups. Retransplantation was necessary for 2 patients
(18.2%) in the DD-CCA group vs. 1 patient (2.6%) in the DD-control group (P=0.12). Similarly,
1 patient (9.1%) died in the DD-CCA group vs. 1 death (2.6%) in the DD-control group (P=0.40).

DISCUSSION
Liver transplantation after neoadjuvant radiotherapy with chemosensitization has emerged
as an effective treatment for patients with localized, node-negative, unresectable hilar CCA
or CCA arising in the setting of PSC.10 Over 70 patients with CCA have undergone liver
transplantation at our center since 1993, and 5-year patient survival is 80%. We noted an
unusually high incidence of vascular complications in this group of patients and thus reviewed
our experience with the specific aims of determining the incidences of arterial, portal, and
hepatic venous complications in comparison to patients who undergo liver transplantation
for other indications; and determining the effect of these vascular complications on patient
outcome. We reviewed our experience with 68 patients who had undergone neoadjuvant
therapy and subsequent liver transplantation between January 1993 and April 2006. Vascular
complications developed in 40% of the patients, with arterial and portal venous complication
rates of 21% and 22%. These complication rates were far higher than those for control groups
of patients who underwent liver transplantation at our institution for other indications. Seven
patients died during the study period, and 2 of these deaths were attributable to vascular
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(arterial) complications. Five patients required retransplantation for arterial complications.
Portal venous complications were equally common but did not lead to graft loss or patient
death.
From the outset, we have been concerned about the potential adverse effect that
neoadjuvant therapy might have on patients undergoing liver transplantation. One of our
patients required retransplantation for hepatic artery thrombosis early on in our experience.9
Since then, we have preferentially used donor iliac artery grafts between the donor hepatic
artery and the recipient infrarenal abdominal aorta for all deceased donor recipients. This
technique completely avoids the potential adverse effect of neoadjuvant therapy on arterial
inflow to the donor liver, and our experience supports this approach. Indeed, we found no
differences in early or late arterial complications between the CCA patients and a control
group of recipients with iliac artery grafts.
We began living donor liver transplantation in June 2000 and used deceased donor iliac
artery grafts for arterial reconstruction in our first 4 CCA patients. Our results with these 4
patients were poor (Table 2, patients 1-4),12 and we temporarily stopped performing living
donor transplantation for patients with CCA while we accrued more experience with living
donor liver transplantation for other indications. We attributed all but one of the arterial
complications to technical problems related to iliac graft use. In 2004, we resumed living
donor liver transplantation for CCA patients after changing the timing of the staging operation
and our approach to arterial reconstruction. We decided to defer the staging operation to a few
days before living donor transplantation in order to facilitate transplantation from a technical
standpoint. We also changed to preferential use of the recipient common or proper hepatic
artery for arterial reconstruction. Since then, we have only used a deceased donor iliac artery
for one patient (no arterial complication).
We compared the CCA patients to a control group of patients who underwent living donor
liver transplantation for other indications, including only those patients with direct donorto-recipient arterial anastomoses. We found no difference in the early complication rates
between the 2 groups. Although the patient numbers were small, there was a far higher rate of
late arterial complications in the CCA group, presumably as a result of neoadjuvant therapy. It
is noteworthy that routine use of deceased donor iliac artery grafts seems to be advantageous
with deceased donor transplantation but detrimental with living donor transplantation. Use
of iliac arterial grafts avoids late arterial complications attributable to neoadjuvant therapy,
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but the higher risk of early arterial complications with living donor transplantation outweighs
the late benefit. We are concerned that with longer follow-up, we will observe even more late
arterial complications after living donor transplantation and use of the irradiated recipient
artery. Thus, we follow all living donor recipients closely with Doppler ultrasonography
for changes in arterial waveforms and flow over time. We now continue low-dose aspirin
indefinitely after both living and deceased donor liver transplantation.
Late portal vein stenosis and thrombosis were common complications in our CCA patients
who underwent liver transplantation after neoadjuvant therapy. Fifteen (22%) of 68 patients
developed either portal thrombosis or stenosis. The portal complications were usually detected
3 to 12 months after transplantation. The late portal vein complication rates were far higher
than those for deceased and living donor control groups. Despite the high portal complication
rates, portal complications did not lead to graft loss or patient death. Nine patients have
undergone percutaneous transhepatic portal venous angioplasty with stent placement. Two
patients subsequently died, but both deaths were due to recurrent CCA.
Hepatic venous and caval complications occurred after liver transplantation for CCA, but the
complication rates were similar to those observed after both deceased and living donor liver
transplantation for recipients with other indications.
Our experience with liver transplantation after neoadjuvant therapy is unique. Few patients
have undergone liver transplantation after radiotherapy, and the effect of radiotherapy on
outcome was unknown when we started our treatment protocol in 1993. Both the recipient
portal vein and hepatic artery are directly within the field of external beam radiotherapy, and
the portal vein is also within the penetration field of intraluminal biliary brachytherapy.
The adverse effect of radiotherapy on vascular tissue is well known. Vascular endothelial
cells are quite radiosensitive, and smaller vessels are especially sensitive to radiation injury.13
Larger vessels are also susceptible to injury, especially late after therapy. Indeed, carotid and
iliac artery injuries have been well described after radiotherapy for head and neck and pelvic
malignancies.14-16 Veins seem to be more resistant to the injurious effects of ionizing radiation,
but stenotic and thromboembolic complications have also been reported in the literature.17-19
Typically, radiation-induced damage to vascular structures is a late development, arising
several months to many years after exposure. The time course that we observed for both
arterial and portal complications in our CCA patients is consistent with the known adverse
effect of radiotherapy on vascular tissue. Both arterial and portal complications typically arose
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3-12 months after transplantation. We also observed progression of portal stenoses before
intervention, which is also indicative of a late radiation effect. The CCA patients often required
multiple interventional procedures for arterial and portal venous complications, whereas
those with complications in our control groups usually required only one. This observation is
consistent with the progressive nature of radiation induced vascular injury.
Clearly, the higher arterial and portal venous complication rates observed in our CCA patients
are both attributable to neoadjuvant therapy. The complication rates are higher than our
center’s experience overall,20,21 reports in the literature,22-27 and our deceased and living donor
control groups.
The CCA vs. control group comparisons for both living and deceased donor transplantation had
comparable gender and age distributions. However, underlying PSC was far more common in
the CCA group for both comparisons. PSC has been associated with hypercoagulability28 and
may be a risk factor for hepatic artery complications after transplantation.22 Nevertheless, we
did not observe higher rates of early vascular complications in either CCA recipients of living
or deceased donor livers.
In summary, liver transplantation with neoadjuvant radiotherapy and chemosensitization
is associated with higher rates of late hepatic artery and portal venous complications than is
liver transplantation without neoadjuvant therapy. Routine use of donor iliac artery grafts
avoids arterial complications in deceased donor recipients but leads to more early technical
complications in living donor recipients. We cautiously continue to use the recipient artery
for living donor transplantation and follow all recipients closely for the development of late
arterial complications. Late portal vein stenosis is common after both living and deceased
donor transplantation. Transhepatic angioplasty with stent placement for both portal and
hepatic arterial stenosis effectively maintains vascular patency for most patients.
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ABSTRACT
Liver transplantation for hilar cholangiocarcinoma (hCCA) has regained attention since the
Mayo Clinic reported their favorable results with the use of a neo-adjuvant chemoradiation
protocol. However, debate remains whether the success of the protocol should be attributed
to the neo-adjuvant therapy or to the strict selection criteria that are being applied. The aim
of this study was to investigate the value of patient selection alone on the outcome of liver
transplantation for hCCA.
In this retrospective study, patients who were transplanted for hCCA between1990 and 2010
in Europe were identified using the European Liver Transplant Registry (ELTR). Twentyone centers reported 173 patients (69%) of a total of 249 patients in the ELTR. Twenty-six
patients were wrongly coded, resulting in a study group of 147 patients. We identified 31
patients (21%) who met the strict selection criteria of the Mayo Clinic protocol, but had not
undergone neo-adjuvant chemoradiation therapy. Five–year survival in this subgroup was
57%, which is comparable to patients with pretreatment pathological confirmed hCCA that
were transplanted after completion of the chemoradiation protocol at the Mayo Clinic.
In conclusion, this study indicates that with strict selection alone, improved survival after
transplantation can be achieved, approaching the Mayo Clinic experience.
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INTRODUCTION
Hilar cholangiocarcinoma (hCCA) is a devastating cancer originating from the biliary
epithelium at the confluence of the right and left hepatic duct. Radical surgical resection of the
tumor is the only curative option with a chance for long term survival. Five year survival rates
after tumor resection vary between 25-40%1-6 and occasionally, five years survival rates above
50% have been reported in a subgroup of patients undergoing elaborate surgery consisting of
extended hemihepatecomy with vascular resection.7
For patients with unresectable hCCA or hCCA arising in the setting of a chronic liver
disease, liver transplantation theoretically enables maximum resection margins and cures
an underlying parenchymal liver disease. Unfortunately, the early experience with liver
transplantation for hCCA was disappointing due to low survival rates and considering the
shortage of donor organs it was generally acknowledged that hCCA was not an indication for
liver transplantation.8,9
In the last decade, however, the issue has been reconsidered mainly because of the results
of the Mayo Clinic group. The Mayo Clinic has developed a neo-adjuvant protocol consisting of
multimodal chemoradiation therapy. Patients undergo a consecutive regimen of external beam
radiation therapy together with intravenous ﬂuorouracil (5-FU), followed by intraluminal
brachytherapy and finally oral Capecitabine while awaiting liver transplantation.10 The early
reports were remarkably optimistic with 5 year survival rates above 80%.10,11 In more recent
publications the survival rates have been adjusted to 65-70 %, but remain unprecedented.12
From the beginning, the protocol has also been subjected to criticism because two separate
interventions are combined in one protocol: (a) strict selection of patients with early stage
disease and (b) neoadjuvant chemoradiotherapy.13-15 The question has emerged in the literature
whether the results of the Mayo Clinic should be contributed to the selection procedure, to the
neoadjuvant chemoradiation, or to both.
The aim of this study was to investigate the value of strict patient selection alone on the
outcome of liver transplantation for hCCA. For this goal, we have retrospectively applied the
Mayo Clinic selection criteria (table 1) on patients that have undergone liver transplantation
for hCCA in Europe. The European Liver Transplant Registry was used to identify patients
transplanted for hCCA.
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Table 1. Mayo clinic criteria for inclusion in the transplantation protocol for hilar cholangiocarcinoma15-17
Diagnosis

Pathologically confirmed hilar cholangiocarcinoma
or
CA19-9 >100 ng/ml in the presence of a radiographically malignant stricture

Tumor

Tumor size < 3 cm

Distant metastases

Absence of distant metastases on CT (and/or MRI) and isotope bone scan

Lymph node metastases

Negative EUS-FNA of regional lymph nodes
and
Negative staging laparotomy/hand-assisted-laparoscopy with biopsy of
regional lymph nodes

Abbreviations: CA 19-9; carbohydrate antigen 19-9, EUS-FNA; Endoscopic ultrasonography-fine needle
aspiration.

MATERIALS AND METHODS
Patients
After approval of the European Liver and Intestine Transplant Association (ELITA), a list
was extracted from the European Liver Transplant Registry (ELTR) database containing all
patients transplanted between 1990 and 2010 for hilar cholangiocarcinoma. There were 249
patients from 57 European centers. Twenty-seven centers transplanted ≤ 2 patients. The list
provided only basic variables insufficient for in-depth analyses. Therefore, all centers were
contacted with a request to participate in the study. Centers were preferably addressed in their
own language (English, Italian, French, Swedish, Dutch). Each center was asked to upload
additional information regarding patient and tumor characteristics and transplantation
outcome by completing a webbased electronic questionnaire (SurveyMonkey, Palo Alto,
California, USA). The primary outcome of this study was overall patient survival, defined as
the period between transplantation and date of death or last follow-up (July 15th, 2013).
Statistics
Statistical analyses were carried out using IBM SPSS Statistics, (IBM, Armonk, New York,
USA). The results are expressed as the means ±SD. Comparison of means was performed
with the Student t-test for independent samples. Comparison of categorical variables was
performed with the Chi-Square test and Fisher’s exact probability test. Five-year survival rates
were calculated using the Kaplan-Meier method and the differences between groups were
calculated using the log rank test. Univariate analyses were conducted for patient survival
by Kaplan-Meier estimates of survival probabilities and the log-rank test for comparisons.
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A Cox proportional hazard regression model was used to analyze associations with patient
survival in multivariable analysis. P values were two-sided and values of less than 0.05 were
considered statistically significant.

RESULTS
Twenty-one centers uploaded data of 173 patients in the electronic database, resulting in a
response rate of 69%. All patients were transplanted between 1990 and 2010. Twenty-six
patients were excluded from the database, 12 because they were erroneously coded in the ELTR
(the indication for transplantation was not hilar cholangiocarcinoma) and 14 because hCCA
was incidentally found after liver transplantation. A study group of 147 patients remained.
Eighty-two patients were transplanted in the first decade between 1990 and 2000 and 65
patients were transplanted between 2000 and 2010.
The status of the distal bile duct margin was established in 137 patients and was tumor free
(R0 resection) in 125 patients (91.2%). Mean follow-up was 4.1 years (± 5.0).
Mayo Clinic selection criteria
The Mayo Clinic criteria for enrollment in the Mayo protocol were applied on our entire
cohort of 147 patients (Figure 1). Patients that underwent an attempt to surgically remove
the tumor prior to transplantation or underwent percutaneous/surgical biopsy of the tumor
were excluded. Endoscopic (brush) cytology was not an exclusion criterion. Patients with
lymph node metastases were also excluded. The Mayo Clinic excludes patients with tumors
>3 cm, but this does not correspond to a particular T-stage, since T-staging is based on tumor
infiltration depth rather than tumor size. Therefore, T-stage was not a part of the selection
criteria in this study.
Because the aim of this study was to assess the outcome of patients that have not been
treated with neo-adjuvant chemoradiation therapy, 16 patients who did receive neo-adjuvant
treatment were excluded. Neo-adjuvant therapy consisted in 3 cases of monotherapy
(brachytherapy in 2 cases and radiotherapy in 1 case) and in 10 cases of combination therapy
(radiotherapy and chemotherapy). In three cases the type of neo-adjuvant therapy was not
specified.
Ultimately, 31 patients (21%) complied with the Mayo Clinic criteria for liver transplantation
but were not treated with neo-adjuvant chemoradiation therapy. The clinicopathological
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147 patients
transplanted for hCCA
Attempt to remove the tumor
prior to LT n=34
Missing n=8
n=105
Neoadjuvant therapy n=16
Missing n=2
n=87
Surgical or percutaneous biopsy
of the tumor n=27
Missing n=5
n=55
Lymph node metastases n=24
n=31
Fig 1. Flow chart illustrating the consecutive steps that were followed to select patients who met the
Mayo Clinic criteria for liver transplantation, but were not treated with neo-adjuvant chemoradiotherapy.

variables of the group complying (group A) and not complying with the Mayo Clinic selection
criteria (group B) are summarized in table 2. There were no differences between the groups,
except for the variables on which the selection was based. Adjuvant therapy was administered
in three patients in group A, consisting of a combination of chemotherapy and radiotherapy.
In group B adjuvant therapy was administered in nine patients and consisted of chemotherapy
in six patients, radiotherapy in one patients and a combination of chemotherapy and
radiotherapy in two patients. Data on the presence of PSC was available for 28 patients in
group A. Seven patients (25%) had underlying PSC.
Survival
For survival analyses, patients who had undergone (an attempt at) resection of the tumor
prior to transplantation were excluded (n=34 and missing data: n=8) because we assumed
that in many of those cases liver transplantation was performed because of postoperative
liver failure. Actuarial 5-year survival for the entire group of 105 patients that underwent liver
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Table 2. Clinicopathological variables of patients undergoing liver transplantation for hilar
cholangiocarcinoma. Thirty four patients who underwent an attempt to surgically remove the tumor
prior to transplantation and 8 patients with missing variables were excluded.
Variable

Patients transplanted for hilar cholangiocarcinoma n=105
Group A n=31
Patients complying with the Mayo
Clinic selection criteria for LT,
without neo-adjuvant therapy

Mean age in years (± SD)

P-value

Group B n=74
Patients not complying
with the Mayo Clinic
selection criteria.

46 (± 9)

51 (± 10)

0.64

21 (68%)
10 (32%)

52 (70%)
22 (30%)

0.80

Neo-adjuvant therapy
Yes
No

0 (0%)
31 (100%)

16 (22%)
56 (78%)

0.004

Percutaneous or surgical
biopsy prior to LT
Yes
No

0 (0%)
31 (100%)

35 (52%)
33 (49%)

Adjuvant therapy
Yes
No

3 (10%)
26 (90%)

9 (13%)
60 (87%)

0.63

pT classification
pT1
pT2
pT3
pT4

1 (3%)
16 (53%)
13 (43%)
0 (0%)

6 (8%)
27 (38%)
35 (49%)
4 (6%)

0.28

pN classification
pN0
pN1
pN2

31 (100%)
0 (0%)
0 (0%)

31 (44%)
37 (52%)
3 (4%)

0.001

Distal bile duct margin tumor
free
Yes
No

28 (90%)
3 (10%)

64 (90%)
7 (10%)

7 (25%)
21 (75%)

NA
NA

-

Median time on waiting list
in days*

30 (range: 1 – 870)

NA

-

Median preoperative CA19.9
value in kU/L**

48 (range: 4 – 1410)

NA

-

3 (10%)
28 (90%)

13 (18%)
61 (82%)

0.31

Gender:

PSC

Male
Female

Yes
No

90 Day mortality
Yes
No

0.001

0.98

7

Abbreviations: LT: liver transplantation, PSC: primary sclerosing cholangitis, NA: not available
*Data available for 28 patients., **Data available for 17 patients.
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transplantation for hilar cholangiocarcinoma was 32%. The 90-day mortality rate was 15%.
Patients complying with the Mayo Clinic criteria (group A) showed a significant better
survival compared to patients not complying with the Mayo selection criteria (group B). The
5-year survival rate was 57% in group A versus 21% in group B (P=0.001) (Fig 2). In both
groups one patient was lost to follow-up, explaining the numbers at risk: 30 patients in group
A and 73 in group B. After correction of the 90-day mortality (3 patients in group A) a 5-year
survival rate of 63% was reached in group A.
We did not perform a comparative analysis between patients from group A and patients
that were treated with neo-adjuvant therapy because the neo-adjuvant therapy regimen in this
study was not uniform.

Table 3. Univariate analysis for five-year survival in patients transplanted for hilar cholangiocarcinoma.
Thirty four patients who underwent an attempt to surgically remove the tumor prior to transplantation
and 8 patients with missing variables were excluded.
Total number of
patients

5-year survival (%)

P-value

<60
≥60

85 (83%)
18 (17%)

33
25

0.24

Male
Female

71 (69%)
32 (31%)

28
42

0.35

Neo-adjuvant therapy?
Yes
No

16 (16%)
85 (84%)

34
31

0.37

Adjuvant therapy?
Yes
No

12 (12%)
86 (88%)

33
34

0.47

pT-classisfication
Early stage (pT1,2)
Late stage (pT3,4)

50 (50%)
51 (40%)

31
35

0.72

pN-classification*
pN0
pN1

61 (63%)
36 (37%)

43
16

0.002

Radical resection
Yes
No

90 (90%)
10 (10%)

34
23

0.79

Variable
Age (yr)

Gender

*Three patients with pN2 disease were excluded from the analysis
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p=0.001

A

B

Group A

30

26

25

24

19

17

Group B

73

46

30

20

15

12

Fig 2. Survival analysis of patients undergoing liver transplantation for hilar cholangiocarcinoma
according to patients complying with the Mayo Clinic criteria for liver transplantation, but not treated
with neo-adjuvant chemoradiotherapy (group A), versus patients not complying with the Mayo Clinic
criteria (group B). P=0.001 (Log rank test). (see color image on page 151)

Recurrence of disease
Data on recurrence of disease were available for 29 patients in group A and 71 patients in
group B. Figure 3 presents the estimated cumulative probability of recurrence over time for
the two groups. At 5 years follow-up, the estimated probability of recurrence was significantly
lower in group A (36%) compared to group B (74%) (P=0.001).
Univariate and multivariate analyses
Results of univariate analysis of variables associated with survival are presented in table 3.
Patients who had undergone (an attempt at) resection of the tumor prior to transplantation
were excluded (n=34 and missing data: n=8). Only lymph node status was found to be of
significant influence on 5-year survival rate (43% in patients with pN0 disease versus 16%
in patients with pN1 disease, P=0.002). The adjusted hazard ratio for positive lymph node
status, calculated in a Cox regression analysis, was 2.09 (95%-Confidence interval: 1.31 – 3.34.
P=0.002).
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p=0.001

A

B

Group A

0

1

4

5

8

9

Group B

0

20

29

37

38

39

Fig 3. Cumulative probability of recurrence of disease after liver transplantation for hilar
cholangiocarcinoma according to patients complying with the Mayo Clinic criteria for liver transplantation,
but not treated with neo-adjuvant chemoradiotherapy (group A), versus patients not complying with the
Mayo Clinic criteria (group B). P=0.001 (Log rank test). (see color image on page 152)

DISCUSSION
With the introduction of a neo-adjuvant chemoradiation protocol, liver transplantation for
patients with unresectable hCCA or hCCA arising in the setting of PSC has been re-introduced.
The concept was pioneered by the team at the University of Nebraska18 and embraced and
modified by the Mayo Clinic group in Rochester. Today more centers are adopting the
protocol.19 However, controversy exists around the question whether the strict selection criteria
for enrollment in the protocol are more important for the success of the program than the neoadjuvant protocol itself.13 Further, It should be noted that the use of the protocol is not without
risk and is associated with a 40% rate of vascular complications secondary to the high-dose
external beam radiation therapy and brachytherapy.20 This study was undertaken to evaluate
the impact of selection alone, without the use of neo-adjuvant therapy, on the outcome of
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patients transplanted for hilar cholangiocarcinoma in Europe. In this retrospective cohort
a five year survival rate of 57% was achieved in patients very much comparable to the Mayo
Clinic experience, but without the use of neo-adjuvant chemoradiotherapy. To adequately
interpret these results a number of issues should be addressed.
First, not all selection criteria could be directly translated to our cohort. The Mayo Clinic
does not accept patients with a tumor size > 3 cm for liver transplantation. Because we had no
information about tumor size and tumor size does not correspond to a particular T-stage, we
accepted all T-stages in our selected subgroup. In accordance with the Mayo Clinic we excluded
patients with regional lymph node metastases and those who had undergone invasive attempts
for tissue diagnosis (surgical or percutaneous biopsy). Endoscopic brushings to confirm the
diagnosis was not considered an exclusion criterion. A positive distal bile duct margin was,
comparable to the Mayo series, also not an exclusion criterion.
Second, it was shown that the improvement in survival of patients complying with the
Mayo Clinic selection criteria (group A) was attributable to a superior oncological outcome,
because these patients also demonstrated a significant decrease in tumor recurrence.
Third, the five-year survival rate of 57% in group A is still slightly less than the five-year
survival rates of 65-70% reported in the Mayo Clinic series. However, not all patients (nearly
50%) enrolled in Mayo Clinic series had pathological confirmation of hCCA at the start of
neo-adjuvant therapy15. The diagnosis of hCCA is notoriously difficult and endoscopic brush
cytology is often negative or inconclusive.21 Therefore, patients with a malignant-appearing
stricture on percutaneous or endoscopic cholangiography and at least one of the following
criteria: polysomy on fluorescent in situ hybridization; or CA-19.9 > 100 U/mL; or a mass
on cross-sectional imaging at the site of the stricture, are also included in the Mayo series.
A recent publication from the Mayo Clinic group addressing this issue, showed that patients
with pretreatment pathological confirmation of hCCA arising in the setting of PSC, have a
significant worse 5-year survival compared to patients without pathological confirmation (66
vs 92%).15 In patients with hCCA arising de novo, 5-year survival rates in the group with and
without pretreatment pathological confirmation were comparable: 63% and 65% respectively.
In addition, a recent publication from Duignan et al22 reporting their experience with the
Mayo protocol in patients with pathological confirmed hCCA showed a 4-year survival rate
of 60%.These survival rates are similar to the 5-year survival rate of 57% in our subgroup of
patients complying with the Mayo criteria.
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Obviously, the current study has a number limitations related to its retrospective and
multicenter design. First, a response rate of 37% of the contacted centers is not very high,
but the 21 centers that did participate, reported 69% of the total amount of patients that
were transplanted between 1990 and 2010 according to the ELTR. Because we approached
all centers for additional information, we believe the obtained data is very reliable. We
deliberately made short questionnaires, making it a minimum effort to reply and thus aiming
for a high response rate. Twenty-seven centers transplanted only one or two patients and
because we assumed that this group would comprise mainly of incidentalomas, these centers
were not vigorously approached in case they did not reply.
Second, the present study is based on data from the ELTR. Centers performing liver
transplantation report their cases and diagnoses to the ELTR. However, if this has been
omitted for any reason, the patient is subsequently lost to our survey.
In conclusion, this study reports the ELTR experience of liver transplantation for hilar
cholangiocarcinoma without the use of neo-adjuvant therapy. It was shown that selection is
vital to improve the outcome of these patients. Regional lymph node status was identified
as an independent prognostic factor for survival. A subgroup analysis of selected patients,
meeting the Mayo Clinic criteria for liver transplantation resulted in a 5-year survival rate
of 57% which closely approaches the survival rates of 63-66% reported by the Mayo Clinic
for patients with pretreatment pathological confirmation of hCCA. Although the data should
be cautiously interpreted because of the retrospective study design, our study suggests that
selection is more important than neo-adjuvant therapy. However, the final answer should
come from a randomized trial, as was already suggested by Bismuth in 2000.13
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Chapter 8

Exploring New Strategies in Diagnosis and Treatment of Hilar
Cholangiocarcinoma
SUMMARY AND DISCUSSION
Around 80% of patients with hilar cholangiocarcinoma are not eligible for curative-intent
treatment due to advanced locoregional disease, metastases or comorbidty precluding
major surgery.1 The remaning 20% poses a great challenge for the medical team to provide
a timely diagnosis and adequate treatment. Patients usually undergo an extensive work-up
with multiple imaging studies, blood tests and percutaneous or endoscopic procedures for
tissue diagnosis. After results are collected, the surgical strategy is discussed, frequently in
a multidisciplinary meeting. Before patients are amenable to surgery, preoperative invasive
procedures are often required such as portal vein embolization, biliary decompression and in
some cases diagnostic laparoscopy to exclude intra-abdominal metastases.
The surgical procedure, consisting of extrahepatic bile duct resection, usually in
combination with partial liver resection and occasionally additional pancreatoduodenectomy,
is technically demanding and accompanied by relatively high mortality and morbidity rates.
For this reason, the treatment of hilar cholangiocarcinoma should best be centralized in
experienced and high volume centers for hepato-pancreato-biliary (HPB) surgery. In line
with this, the HPB surgery team at the University Medical Center Groingen is the only group
offering surgical treatment of cholacgiocarcinoma in the managed clinical network for HPB
malignancies for the four northern provences of The Netherlands. There is a continuous
need to improve the consecutive steps in the clinical course of patients. In this thesis we have
explored a number of emerging strategies to optimalize the diagnosis and treatment of hilar
cholangiocarcinoma.
This chapter summarizes and discusses the results of the studies described in this thesis,
followed by a paragraph on future perspectives.

In chapter 1 the aim of this thesis was presented together with a brief background on hilar
cholangiocarcinoma.

In chapter 2 a review was conducted to provide current insights in diagnosis and treatment
of the different types of cholangiocarcinoma: intrahepatic, perihilar and distal. This chapter
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provides the reader an introduction in the field and puts the focus of this thesis, hilar
cholangiocarcinoma, in a wider perspective. This chapters also covers the important subject of
palliative treatment for hilar cholangiocarcinoma. It was concluded that palliative treatment
should be focused on securing biliary drainage.

Chapter 3 describes our search for a suitable near-infrared fluorescence target for in vivo
imaging of hCCA. Near-infrared fluorescence is an experimental technique which enables
visualization of tumor cells using a specific tumor target that is combined with a fluorescent
dye, which is capable of re-emitting light upon excitation. We used the previously reported
TASC methodology to detect potential targets. Mucin1 (MUC1) scored 20 out of a maximum
of 22 points in the TASC analysis and was therefore identified as the most promising
target. Next, MUC1 expression was immunohistochemically investigated in 29 resected
hilar cholangiocarcinoma specimens. MUC1 expression was found in 100% of hCCA cases,
of which 72% was classified as strong and 21% as moderate staining. MUC1 expression was
predominantly found in the cytoplasma. In contrast, 87% of non-malignant bile ducts showed
absent or weak expression of MUC1. We concluded that there is a clear difference in MUC1
expression between tumor and healthy biliary epithelial cells. Whether this difference is strong
enough to allow a significant “tumor-to-background ratio” at molecular in vivo imaging, needs
further investigation.

In chapter 4 we investigated whether postoperative staging of hCCA can be improved
by identification of lymph node micrometastases. It is well established that lymph node
(macro)metastases have a negative impact on survival, but the effect of micrometastases on
postoperative outcome is not well known. This study was conducted in collaboration with
the Academic Medical Center in Amsterdam. Ninety-one patients who underwent surgical
resection of hilar cholangiocarcinoma

at our two centers did not display lymph node

metastases at routine histology. All lymph nodes from these patients were retrieved from
the tissue archives of the Pathology departments and underwent additional sectioning and
immunohistochemical staining for K19 to detect micrometastases. We identified 11 patients
(12%) with lymph node micrometasteses. It was demonstrated that this subgroup showed
significant worse survival compared to patients with true negative lymph node status, but
comparable survival to patients with lymph node (macro)metastases. Multivariable analysis
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confirmed micrometastases as an independent prognostic factor for survival. In other words,
the technique of multiple lymph node sectioning together with K19 immunostaining results in
improved staging of patients with hilar cholangiocarcinoma. This finding could have important
clinical implications when more effective adjuvant chemotherapy regimens come available.

The value of intra-operative frozen section analysis of the proximal bile ducts was assessed
in chapter 5. Frozen section analysis is widely applied in surgery to determine whether the
resection margin is free of tumor cells. It was hypothesized that frozen section analysis is
not reliable in hilar cholangiocarcinoma because of the specific growth pattern of the tumor
consisting of submucosal infiltration and frequent skip lesions. Intra-operative frozen sections
of the proximal bile ducts were performed in 67 patients who underwent surgery for hilar
cholangiocarcinoma between 1990 and 2014. Sensitivity of frozen section analysis was 68%.
We identified 8 patients with false negative results. Ten patients underwent an additional
resection guided by frozen section analysis. Ultimately, three patients displayed tumor-free
resection margins at final pathology, but lymph node metastases were detected in two of
them. It was concluded that frozen section was of limited value, since ultimately it affected
the expected prognosis of only 1 of the 67 patient. After reviewing the literature, it was found
that secondary obtained radical resections guided by frozen section analysis do not impact
survival. The reason could be that additional resections of the proximal bile ducts are often
not significant because further dissection is difficult from anatomical and technical points
of view. We did find some evidence in the literature that a substantial additional resection
(>5mm) is associated with less recurrences and improved survival. Therefore, we suggest that
frozen section analysis of the proximal bile ducts in patients undergoing surgical resection for
hCCA should be reserved for those cases in which an additional resection of substantial length
is feasible.

In the study described in chapter 6 we investigated the complications associated with high
dose radiotherapy in patients transplanted for hilar cholangiocarcinoma in the setting of the
neo-adjuvant Mayo protocol. This study was conducted aqt the Mayo Clinic in Rochester,
Minnesota in the United States. The Mayo Clinic has developed a protocol consisting of
external beam and intraluminal radiotherapy with chemosensitization for patients with
unresectable hilar cholangiocarcinoma or hilar CCA arising in the setting of PSC. After
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completion of the protocol, liver transplantation is performed. Concern has arisen regarding
the potential for vascular complications due to high-dose radiotherapy before transplantation.
Sixty-eight patients underwent neoadjuvant therapy and subsequent liver transplantation.
Arterial complications arose in 21%; portal venous complications arose in 22%; and overall,
40% developed vascular complications. Late hepatic artery complications occurred more often
in living donor recipients transplanted for hilar CCA compared with a living donor control
group. Living donor liver transplantation was performed with direct donor-to-recipient
arterial anastomoses (without an arterial interposition graft). The recipient artery is exposed
to radiotherapy which explains the high incidence of late hepatic artery complications in
this group. There was no difference in the rate of hepatic artery complications in patients
undergoing deceased donor liver transplantation for hilar CCA compared with a deceased
donor control group, most likely because these patients underwent arterial reconstruction
with a deceased donor iliac artery interposition graft, thereby avoiding effects of radiotherapy.
Late portal vein complications occurred more often in both whole organ and living donor
recipients transplanted for hilar CCA compared with control groups. Patient and graft survival
were not different between hilar CCA and control patients. This study highlights the vascular
morbidity associated with the neoadjuvant chemoradiation protocol in the treatment of
patients with hilar cholangiocarcinoma prior to liver transplantation.

In chapter 7 we addressed an important issue regarding liver transplantation for hilar
cholangiocarcinoma in the setting of the neo-adjuvant Mayo protocol. The question has
emerged whether the strict inclusion criteria that are being applied to enter the protocol,
resulting in a group with early stage disease, contribute more to the favorable results than
the chemoradiotherapy itself. This dilemma is particularly relevant in the context of the high
morbidity observed from the neaadjuvant chemoradiation therapy as described in chapter
6. Using the European Liver Transplant Registry we identified 147 that were transplanted
for hCCA in Europe. We retrospectively applied the Mayo criteria on this group and selected
31 patients with a preoperative staging of hilar CCA that was comparable to the Mayo Clinic
experience but had not undergone neo-adjuvant therapy. Five-year survival in these patients
was 57% which is comparable to the Mayo Clinic experience of patients in whom the diagnosis
hilar CCA was pathologically confirmed prior to the start of the neo-adjuvant chemoradiation
therapy and subsequent liver transplantation. Although the results of this study should be
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cautiously interpreted because of its retrospective design, the results indicate that with very
strict selection alone superior outcome of liver transplantation for hilar cholangiocarcinoma
can be achieved.

FUTURE PERSPECTIVES
Patients suffering from hilar cholangiocarcinoma often have a complex, demanding and
exhausting clinical course. There are opportunities for improvement at many stages along this
path. Considering the contents of this thesis, discussion of future developments is focused on
two issues.
a)

Increasing eligibility for surgery and

b)

Improving surgical outcome.

Increasing eligibility for surgery
Making more patients eligible for surgery can be achieved by an earlier and more accurate
detection of hilar cholangiocarcinoma. Upcoming new techniques to facilitate tumor specific
diagnosis are very promising. The field of in-vivo molecular imaging is rapidly evolving.2 As
pathways behind tumor development and tumor progression are being elucidated so do the
opportunities for target directed diagnosis (and therapy). Current imaging modalities for
hilar cholangiocarcinoma are not satisfactory in detecting the tumor and discriminating it
from a benign stricture. However, hilar CCA is potentially very suitable for molecular optical
imaging because the bile ducts are accessible for direct inspection with a cholangioscope. One
novel advanced technology is confocal fluorescence microscopy of the bile ducts using a socalled miniprobe which is introduced via the accessory channel of a peroral cholangioscope.
Experimental use in patients showed that after injection of the fluorescent dye ‘fluorescein’,
cholangiocarcinomas displayed a specific pattern of neovascularization which was not found
in benign strictures. It was further demonstrated that the technique enables more accurate
tissue sampling.3,4 In addition, a feasibility study in which near-infrared fluorescence
cholangioscopy was performed using the fluorophore ‘indocyanin green’ (ICG) has recently
been described.5 Unprecedented sensitivity in endoscopic fluorescence imaging was reported.
Both innovative techniques have used non-targeted fluorescent dyes (fluorescein and
ICG). It is expected that coupling a fluorescent dye to hilar cholangiocarcinoma-specific
targets (targeted probe) will further increase the potential for real-time visualization of hilar
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CCA. In chapter 3 we identified MUC1 as the most promising target. Future clinical nearinfrared fluorescence studies are necessary to confirm MUC1, or its more tumor-specific
variant, under-glycosylated MUC1, as a feasible target.

Another way to increase eligibility for surgery is downstaging of advanced hilar
cholangiocarcinoma using neoadjuvant therapies. It is generally accepted that neoadjuvant
therapies to increase resectability are not effective and therefore not recommended in
patients with hilar CCA. A recent review addressing this issue identified eight studies in which
different neoadjuvant strategies were applied.6 The studies were very heterogenous in design,
population (intrahepatic, perihilar and distal tumors) and treatment protocols. Despite
these limitations, the investigators concluded that there is level 4 evidence of improved R0
resectability and survival after neoadjuvant therapy in primarily unresectable patients. It was
strongly suggested to design a proper phase II study to further investigate this issue. The topic
of neoadjuvant therapy for downstaging advanced hCCA is expected to remain relevant as
novel chemotherapeutic agents are rapidly emerging.

Improving outcome after surgery
Positive resection margins have a negative impact on survival after surgical resection of hilar
cholangiocarcinoma.7 The pursuit for negative margins is currently guided by intra-operative
frozen section analysis. As described in chapter 5, there is a demand for more reliable
techniques to evaluate the surgical margin of the bile ducts because frozen section analysis
was shown to have low sensitivity rates. Besides facilitating diagnosis as described above,
near-infrared fluorescence imaging may have another advantage. Preclinical experiments
suggest that fluorescence optical imaging may allow accurate intraoperative assessment
of resection margins.8 Future studies are needed to investigate whether intra-operative
assessment of the bile duct margin using molecular optical imaging is feasible and accurate in
hilar cholangiocarcinoma.

Outcome after surgery could further be improved by adjuvant strategies. So far, adjuvant
therapy after resection of hilar cholangiocarcinoma is not recommended because supportive
evidence is lacking. However, very recently the first trial has been published in which
an adjuvant strategy was used consisting of capecitabine and gemcitabine followed by
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radiotherapy and concurrent capecitabine.9 Patients after surgical resection of hilar and distal
cholangiocarcinoma and gallbladder carcinoma were included in this phase II study. A twoyear survival rate of 65% was reported. The authors concluded that the regimen was welltolerated and has promising efficacy.
Some other clinical trials evaluating adjuvant therapies are currently being performed.
The BILCAP trial investigates the role of adjuvant capecitabine versus observation in resected
bile duct cancer.10 This trial closed on December 31st 2014, but to date no results have been
published. Two trials are conducted in which the efficacy of an adjuvant combination of
gemcitabin with cisplatin is explored.11,12 Both trials have also completed recruitment, but have
not yet been published. Finally, one trial examining the role of adjuvant treatment consisting
of a combination of gemcitabin and oxaliplatin in patients that underwent surgery for biliary
tract cancer is still recruiting patients.13
As more data is expected to become available soon, it will be necessary to evaluate whether
all patients or only those with negative prognostic features, such as positive resection margins
or lymph node (micro)metasteses, benefit form adjuvant therapy.
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Cholangiocarcinoom is een relatief zeldzame maligniteit uitgaande van het galwegepitheel.
De tumor wordt anatomisch ingedeeld in drie typen: intrahepatisch, perihilair (rondom de
bifurcatie van de rechter en linker ductus hepaticus) en distaal (in de choledochus vanaf de
aftakking van de ductus cysticus).
Het (peri)hilair cholangiocarcinoom is wat diagnostiek en behandeling betreft het
meest complexe subtype van de ziekte. De diagnose is vaak moeilijk te stellen omdat er bij
beeldvorming wel een strictuur wordt gezien, maar door de groeikarakteristieken van de tumor
het lastig is om een cytologische of histologische diagnose te verkrijgen. Ongeveer 80% van
de patiënten met hilair cholangiocarcinoom is op het moment van diagnose niet meer curatief
te behandelen vanwege locoregionale uitbreiding van de ziekte, metastasen of comorbiditeit
waardoor grote chirurgie niet mogelijk is. De overige 20% van de patiënten ondergaat een
uitgebreide work-up om in aanmerking te komen voor een chirurgische behandeling. In opzet
curatieve chirurgie bestaat uit extrahepatische galwegresectie in combinatie met een partiële
leverresectie en in sommige gevallen zelfs een aanvullende pancreaticoduodenectomie.
De afgelopen jaren hebben zich een aantal nieuwe ontwikkelingen voorgedaan in de
diagnostiek en behandeling van het cholangiocarcinoom. Zo wordt er volop geëxperimenteerd
met innovatieve diagnostische technieken als near-infrared optical imaging waarbij gebruik
wordt gemaakt van zogenaamde optical tracers die in staat zijn om tumoren specifiek te
visualiseren. Op chirurgisch gebied wordt met nieuwe technieken als vena porta-embolisatie
en de experimentele ALPPS procedure (Associated Liver Partition and Portal vein ligation
for Staged hepatectomy) hypertrofie van de toekomstige restlever geïnduceerd. Ten slotte
heeft levertransplantatie opnieuw intrede gedaan voor een geselecteerde groep patiënten met
irresectabel hilar cholangiocarcinoom.
In dit proefschrift worden een aantal nieuwe strategieën in de diagnostiek en behandeling
van hilar cholangiocarcinoom nader onderzocht.

Hoofdstuk 1 dient als algemene inleiding en beschrijft de opzet van dit proefschrift.

In Hoofdstuk 2 wordt een review gepresenteerd over de huidige inzichten in behandeling
en diagnostiek van cholangiocarcinoom. Het biedt de lezer een introductie in het veld en de
mogelijkheid om het hilair cholangiocarcinoom tegen de achtergrond van de andere subtypen
te plaatsen. In het hoofdstuk worden ook de palliatieve behandelopties besproken. Essentieel
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in het palliatieve traject is om de galafvloed te waarborgen omdat dit noodzakelijk is voor de
overleving.

In Hoofdstuk 3 onderzoeken we een geschikt target voor in vivo visualisatie van hilair
cholangiocarcinoom. Near-infrared molecular imaging is een nieuwe techniek waarbij
tumorcellen kunnen worden gevisualiseerd door gebruikt te maken van zogenaamde
fluorescente ‘probes’. De probe bestaat uit een fluorescent molecuul dat gekoppeld is aan een
tumorspecifiek ligand. Fluorescente moleculen hebben de eigenschap dat ze kunnen worden
geëxciteerd door licht van een bepaalde golflengte en hierop zelf fotonen kunnen uitzenden
met een iets andere golflengte. Licht in het nabij-infrarode spectrum heeft als kenmerk dat het
in staat is tot een bepaalde mate van weefselpenetratie. Op deze manier kunnen tumoren in
vivo in beeld worden gebracht.
De eerste stap voor het ontwikkelen van een fluorescente probe voor hilair
cholangiocarcinoom is het selecteren van de juiste target op de tumorcel. Door gebruik te
maken van de eerder beschreven TArget Selection Criteria (TASC) hebben we uit de literatuur
een aantal potentiële targets geïdentificeerd. Uiteindelijk bleek mucin1 (MUC1) de meest
veelbelovende target. Om dit te bevestigen werd MUC1 expressie onderzocht in 29 preparaten
van hilair cholangiocarcinoom. Immunohistochemische kleuring toonde MUC1 expressie in
100% van de gevallen. In 72% was de expressie sterk aanwezig en in 21% matig. MUC1 expressie
was voornamelijk aanwezig in het cytoplasma van de cel. In niet-maligne galwegen was MUC1
expressie niet tot zwak aanwezig. We concluderen in deze studie dat er een duidelijk verschil is
in MUC1 expressie tussen de tumor en gezond biliair epitheel. Of dit verschil voldoende is voor
een significante tumor-to-background ratio zal verder uitgezocht moeten worden.

Het is bekend dat de aanwezigheid van lymfekliermetastasen een negatieve invloed heeft op de
overleving na resectie van hilair cholangiocarcinoom. In Hoofdstuk 4 hebben we onderzocht
of de postoperatieve stadiëring verder verbeterd kan worden door detectie van lymfeklier
micrometastasen. Deze studie is uitgevoerd in twee centra: het Universitair Medisch Centrum
in Groningen en het Academisch Medisch Centrum in Amsterdam. Er waren 91 patiënten die een
resectie hadden ondergaan voor hilair cholangiocarcinoom waarbij conventioneel histologisch
onderzoek geen lymfekliermetastasen liet zien. Alle lymfeklieren van deze patiënten werden
uit het weefselarchief gehaald en opnieuw gesneden en immunohistochemisch gekleurd met
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cytokeratine 19 (K19). Lymfeklier micrometastasen werden gedetecteerd bij 11 van de 91
patiënten (12%). Deze groep had een significant slechtere overleving dan de groep zonder
(micro)metastasen. De overleving van patiënten met micrometastasen was vergelijkbaar
met een groep van 43 patiënten met lymfeklier metastasen welke waren aangetoond met
conventioneel histologisch onderzoek. Een multivariabele analyse bevestigde de aanwezigheid
van lymfeklier micrometastasen als onafhankelijke prognostische factor voor de overleving.
Er werd geconcludeerd dat door het snijden van meerdere coupes van de lymfeklieren in
combinatie met een immunohistochemische kleuring de postoperatieve stadiëring van hilair
cholangiocarcinoom kan worden verbeterd. Dit heeft mogelijk implicaties voor de nabije
toekomst wanneer effectieve adjuvante behandelingen beschikbaar komen.

De waarde van peroperatief vriescoupeonderzoek van het proximale galwegsnijvlak is
onderzocht in hoofdstuk 5. Vriescoupeonderzoek wordt vaak toegepast tijdens operaties
om te controleren of het chirurgische snijvlak vrij van tumorweefsel is. Vriescoupeonderzoek
bij hilair cholangiocarcinoom is mogelijk minder betrouwbaar vanwege het specifieke
groeipatroon van de tumor wat bestaat uit submucosale infiltratie en zogenaamde ‘skipped
lesions’ wat wordt gekenmerkt door eilandjes van tumorcellen tussen normaal galwegepitheel
en -wand.
Peroperatief vriescoupeonderzoek van het proximale galwegsnijvlak werd toegepast bij 67
patiënten die tussen 1990 en 2014 een resectie van een hilair cholangiocarcinoom ondergingen.
De uitkomsten werden vergeleken met de definitieve uitslag van histopathologisch onderzoek
op basis van paraffine coupes. De sensitiviteit van vriescoupeonderzoek was 68%. Bij 8
patiënten was de uitslag fout-negatief. Bij tien patiënten kon de resectie worden uitgebreid
op geleide van het vriescoupeonderzoek. Uiteindelijk resteerden drie patiënten met definitief
tumorvrije snijvlakken. Twee van de drie patiënten hadden echter lymfekliermetastasen. Er
werd geconcludeerd dat vriescoupeonderzoek van beperkte waarde is omdat het de verwachte
prognose van uiteindelijk maar één van de 67 patiënten beïnvloed heeft. In de literatuur
vonden we dat secundair verkregen radicale resecties op geleide van vriescoupeonderzoek
niet leidt tot een verbeterde overleving. Dit zou verklaard kunnen worden door het feit dat
een aanvullende resectie van het proximale snijvlak vaak bemoeilijkt wordt door technische
en anatomische beperkingen. Er zijn aanwijzingen in de literatuur dat een substantiële
resectie (minimaal 5mm) geassocieerd wordt met minder lokale recidieven en een verbeterde
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overleving. Daarom hebben we voorgesteld dat vriescoupeonderzoek van het proximale
galwegsnijvlak gereserveerd zou moeten worden voor die gevallen waarbij een aanvullende
resectie van substantiële lengte mogelijk is.

Levertransplantatie voor patiënten met een irresectabel hilair cholangiocarinoom heeft
de afgelopen jaren opnieuw zijn intrede gedaan. Vooral de goede resultaten van het neoadjuvante Mayo protocol, ontwikkeld door de Mayo Clinic in Rochester, de Verenigde
Staten, hebben hieraan bijgedragen. Het Mayo protocol bestaat uit hoge doses uitwendige
en inwendige radiotherapie gecombineerd met chemosensitisatie. Na doorlopen van de
neoadjuvante behandeling ondergaan patiënten een levertransplantatie. De studie in
hoofdstuk 6, uitgevoerd in de Mayo Clinic, beschrijft de complicaties die gepaard gaan met
hoge doses radiotherapie voor patiënten die een levertransplantatie hebben ondergaan in het
kader van het Mayo protocol. Vooral vasculaire complicaties zijn te verwachten bij hoge doses
radiotherapie. De onderzoekgroep bestond uit 68 patiënten die behandeld waren volgens het
Mayo protocol. Arteriële complicaties ontstonden in 21% van de gevallen, complicaties van
de vena portae in 22% van de gevallen en over de gehele breedte waren er 40% vasculaire
complicaties. Late arteriële complicaties traden vaker op in levende-donor ontvangers
dan in een controlegroep van levende-donor ontvangers die voor andere redenen waren
getransplanteerd. De verklaring hiervoor is dat bij levende-donor levertransplantatie voor
hilair cholangiocarcinoom er gebruikt wordt gemaakt van de natieve arteria hepatica van de
ontvanger die in het bestralingsveld heeft gelegen. Bij de overleden-donor ontvangers was
er geen verhoogde kans op late arteriële complicaties omdat hierbij gebruik wordt gemaakt
van een iliacale interpositie graft voor de arteriële anastomose, die geen blootstelling heeft
gehad aan radiotherapie. Ondanks de verhoogde vasculaire complicaties, was de patiënten transplantaat overleving vergelijkbaar tussen patiënten met hilair cholangiocarcinoom
en de controlegroepen. Deze studie benadrukt de vasculaire morbiditeit die gepaard gaat
met neo-adjuvante chemoradiotherapie in het kader van het Mayo protocol voor hilair
cholangiocarcinoom.

Het Mayo protocol wordt niet alleen gekenmerkt door de neo-adjuvante chemoradiotherapie,
maar ook uit de strikte inclusiecriteria die gehanteerd worden. Alleen patiënten met een vroeg
stadium hilair cholangiocarcinoom zonder locoregionale lymfekliermetastasen komen in
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aanmerking voor een levertransplantatie na completering van het protocol. In de literatuur
wordt gediscussieerd of de goede resultaten die met het Mayo protocol worden behaald te
relateren zijn aan de neoadjuvante chemoradiotherapie of toch aan de strikte selectiecriteria.
Dit is een relevante vraag gezien de vasculaire complicaties die gepaard gaan met het protocol
(hoofdstuk 6). Om een bijdrage te leveren aan deze discussie, hebben we in hoofdstuk 7
een studie opgezet waarbij we gebruik hebben gemaakt van de European Liver Transplant
Registry (ELTR). Via de ELTR werden 147 patiënten geïdentificeerd die in Europa een
levertransplantatie hadden ondergaan voor hilair cholangiocarcinoom. Op deze groep werden
retrospectief de selectiecriteria toegepast die door de Mayo Clinic worden gebruikt. Er waren
31 patiënten die voldeden aan de criteria maar niet waren behandeld met neoadjuvante
chemoradiotherapie. De vijf-jaarsoverleving na levertransplantatie in deze groep was 57%
en is daarmee vergelijkbaar met de overleving van patiënten met een histolgisch bewezen
hilair cholangiocarcinoom in de Mayo Clinic. De resultaten van deze studie dienen uiteraard
voorzichtig te worden geïnterpreteerd vanwege de retrospectieve studieopzet. Toch lijkt het
erop dat met uitsluitend strenge selectiecriteria (zonder neoadjuvante chemoradiotherapie)
een goede overleving kan worden bereikt met levertransplantatie voor het hilair
cholangiocarcinoom.
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Het is af! Na jarenlang studies opzetten, data verzamelen, schrijven en schaven aan artikelen,
submitten, teleurstellingen verwerken en overwinningen vieren, is dan toch het moment
gekomen waar menig promovendus over mijmert terwijl hij de boekjes doorbladert van
degenen die hem voorgingen: het dankwoord.
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bleef onverhoopt optimistisch en enthousiast. Je toewijding, ongelooflijke denksnelheid en
inventiviteit strekken tot voorbeeld en zijn essentieel geweest voor dit proefschrift. Dank
daarvoor!

Prof. dr. A.S.H. Gouw, beste Annette, tot vermoeiends toe heb ik bij je aangeklopt met al
mijn vragen en verzoeken, maar kon altijd rekenen op een warm welkom. Dank voor je ideeën,
correcties en de vele, vele coupes die je hebt gescoord. Zonder jou waren veel hoofdstukken
niet mogelijk geweest.

Dr. C.B. Rosen, dear Charles, thank you for giving me the opportunity to conduct research
in the Mayo Clinic and your personal involvement in our project. It has been the basis for this
thesis en very important for my career.

Beoordelingscommissie, Prof. dr. E. Heineman, Prof. dr. C.H.C. Dejong en Prof.
dr. R.K. Weersma, hartelijk dank voor de bereidwilligheid om de wetenschappelijke waarde
van dit proefschrift te toetsen.

Medeauteurs, drs. Alix Matton, dr. Andrie Westerkamp en dr. Jimme Wiggers,
onderzoek doen, kun je niet alleen. Het is enorm prettig om samen met iemand aan een studie
te werken en elkaar te helpen en aan te scherpen. Dank voor de samenwerking!
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directe betrokkenheid als medeauteurs.

Dr. Wendy Kelder, dr. Johan Lange, dr. Robert van Ginkel en dr. Peter Baas,
promotie en opleiding hebben bij mij synchroon gelopen en ten tijde van het voltooien van
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Ondanks het feit dat het gewilde “C-briefje” in handen is, blijft er nog zoveel te leren. Ik dank
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opleidingsjaren!
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in jullie voetsporen te treden.

De HHvdGK, Joost Wassink, Herman de Boer, René Koele, Arend Streng, Dirk
Bosch en Joris van der Meijden, vrienden vanaf het knikkeren op het schoolplein. We
hebben alles met elkaar meegemaakt en het is altijd feest als we elkaar zien. Laat dat nog heel
lang zo blijven!
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gedrieën trokken we op tijdens onze opleiding; afzonderlijk in de periferie, maar verenigd in
de academie. Van Jeroen heb ik geleerd om altijd en voor alles een plan te hebben en van Stijn
om me vooral niet druk te maken. Een traumachirurg en een HPB chirurg; het is een eer jullie
aan mijn zijde te hebben staan.

Ik heb het geluk gehad te mogen opgroeien in een warm en hecht gezin en wil mijn ouders,
Anneke & Rutger, Pieter & Weija en Tom & Hanna bedanken voor hun steun en
vertrouwen én de broodnodige relativering. Ook de “Lammen” wil ik bedanken voor de goede
band die we hebben en voor het feit dat ze zeer ruimhartig iemand van mijn geringe lengte
hebben opgenomen in hun familie.

Lieve Machteld, sinds 2002 zijn wij een match made in heaven (letterlijk!). We waren net
student toen we elkaar leerden kennen en zouden het destijds hilarisch hebben gevonden als
we geweten hadden dat we 14 jaar later samen een koophuis (net verkocht), twee fantastische
zoons (Gijs en Olivier) en een stationwagen zouden hebben. Dank voor je geduld, begrip en
aanmoediging als ik, naast alle diensten, weer eens een avond cerebraal afwezig was. En mocht
je ooit je carrière als GZ-psycholoog nog meer diepgang willen geven door een promotietraject
in te stappen, dan moet je weten dat ik er alles aan zal doen om je tegen te houden.
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Chapter 1. Figure 1. (see page 11)
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Chapter 2 Figure 1 (see page 19)

Chapter 2. Figure 2. (see page 23)

147

Chapter 3. Figure 1. (see page 39)
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Chapter 4. Figure 1. (see page 54)
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Chapter 4. Figure 2.
(see page 56)
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Chapter 7. Figure2.
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Chapter 7. Figure 3.
(see page 114)
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