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1GENERAL INTRODUCTION

“If one is truly to succeed in leading a person to a specific place, one must first and foremost 
take care to find him where he is and begin there. This is the secret in the entire art of helping.” 
Søren Kierkegaard

Perihilar cholangiocarcinoma is a rare tumor that derives from the epithelium of the 
biliary tract. Cholangiocarcinomas are rare in Western countries: they comprise 3% of all 
gastrointestinal malignancies and affect 1-2 per 100.000 people per year in the United 
States.1,2 However, in some regions, especially North Thailand, China, Japan and Chili, 
incidence is much higher, mainly due to a higher rate of infections of the biliary tract with 
liver flukes.1,3,4 Perihilar cholangiocarcinoma, as the name suggests, is a tumor located 
in the hilum of the liver, proximal to the cystic duct and distal to the second bifurcation 
of the hepatic ducts.5,6 In 1965, the tumor was first described by Gerald Klatskin, and is 
therefore often called Klatskin tumor. Although Klatskin started as a surgical resident, he 
became fascinated with the workings of the liver, later, resulting in a switch to a medical 
residency. His collaborative work with other disciplines, such as hepatology, surgery 
and pathology led him to become one of the leading figures in hepatological science. 
His “multidisciplinary” way of solving scientific problems has laid the foundation for the 
best approach to treat the tumor that bears his name: perihilar cholangiocarcinoma.

Due to its challenging anatomical location, patients with perihilar cholangiocarcinoma 
are treated by a team consisting of specialists from different medical fields. The aim of this 
thesis was to improve the management of patients with perihilar cholangiocarcinoma 
by connecting several different points of view; the view of the gastroenterologist and 
intervention radiologist, who need to manage patients with obstructive jaundice and 
several of the benign diseases that mimic cholangiocarcinoma. The perspective of the 
surgeon and medical oncologist, who treat these patients in different stages of their 
disease. And, finally, the point of view of the pathologist and the molecular biologists 
who aid in the understanding of the disease and assess the residual disease status after 
a resection. I am convinced, as was Klatskin, that new solutions to old dilemmas can 
be discovered and integrated by translating the different ‘languages’ spoken by the 
specialists involved in diagnosis, treatment and care. The right translation potentiates a 
multidisciplinary approach by combining their expertise both in the field of clinical care 
and scientific research. 
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The first part of the thesis, addresses the arising dilemmas that come with the care for 
these patients affected by perihilar cholangiocarcinoma. In the second part, the basics 
of biological behavior of biliary tract tumors are assessed. In the third part, two novel 
techniques are tested in order to improve diagnosis of perihilar cholangiocarcinoma.

OUTLINE OF THE THESIS

Part I: Dilemmas in the management of patients with perihilar 
cholangiocarcinoma

“Data, data, data!” he cried impatiently “I cannot make bricks without clay.” Sherlock 
Holmes, the adventure of the copper breaches, Arthur Conan Doyle

Patients with perihilar cholangiocarcinoma (PHC) often present with obstructive 
jaundice. Obstruction of the flow of bile from the liver impairs the proper functioning 
of the liver.7–9 This increases the risk of complications in patients with PHC. Since major 
surgery, often an (extended) hemihepatectomy with extrahepatic bile duct resection 
and lymphadenectomy or even a liver transplantation, is the only curative treatment 
for patients with PHC, improving the function of the liver preoperatively is one of the 
corner stones of PHC management.10,11 However, only a minority of patients, around 
20%,  is a candidate for surgical treatment and of these patients a further 40% is found 
to be unresectable preoperatively due to advanced disease. 12 Surgical treatment of PHC 
comes with considerable risk of complications due to the major procedure required 
and the impaired liver function due to obstructive jaundice. Postoperative morbidity 
and mortality are as high as 40-70% and 10-18% respectively.13–17 An overview of 
postoperative complications is given in CHAPTER 2. The high risk of postoperative death 
is mainly caused by an impaired liver function and insufficient regeneration of the liver, 
possibly worsened by obstructive jaundice prior to surgery.14,18 Then, the future remnant 
liver (FRL) is too impaired in its function to perform properly.19,20 Thorough preoperative 
management and work-up of resectable PHC patients is therefore crucial to identify the 
patients benefitting from curative surgery. Several challenges are characteristic for the 
work-up of PHC patients: first, establishing the diagnosis and second improvement of 
liver function.

Imaging of the biliary tract by means of computer tomography (CT), magnetic resonance 
imaging (MRI) or endoscopic retrograde cholangio-pancreaticography (ERCP) is most 
commonly the first step to determine a biliary stricture.21,22 However, not only PHC 
presents as a biliary structure, but also other (benign) inflammatory diseases of the 
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1biliary tract such as primary sclerosing cholangitis and IgG4-associated cholangitis.21,23 
ERCP coupled with brush cytology is necessary to ensure pathology confirmation 
of a malignancy. However, due to the periductal growth pattern of PHC and its high 
stromal component, sensitivity of brush cytology is low (27-56%).24 Because of this, the 
pathological diagnosis of PHC often remains unconfirmed.25,26 Several techniques have 
been tested to improve sensitivity of tissue diagnosis and will be further discussed in 
PART III. In case of inconclusive pathology, resection is still considered. In approximately 
50% of patients with presumed, resectable PHC, partial hepatectomy is undertaken 
without histopathological confirmation of malignancy.21,26 A consequence is that 15% 
of patients who undergo surgery under the suspicion of PHC, do not have a malignancy 
at final pathological assessment of the resection specimen. 

Sufficient liver function is key to a successful operation. Function and volume of the FRL 
can be assessed by hepatobiliary scintigraphy or CT-volumetry.27–30 Preoperative biliary 
drainage of the FRL before surgery, can improve preoperative liverfunction.31–33 When 
the FRL is still not sufficient enough, preoperative portal vein embolization of the liver 
can improve volume and function of the FRL.7,34,35 These challenges in the preoperative 
work-up of PHC are elaborated in CHAPTER 3.  

Preoperative biliary drainage has been one of the corner stones of a thorough work-up 
for resection of PHC. One of the benefits is that it improves liver function by reducing 
cholestasis in the liver.33,36 One of the disadvantages is that biliary drainage also can 
cause complications, such as cholangitis.37,38 Unfortunately cholangitis itself impairs 
postoperative outcome.38 Therefore when using biliary drainage for PHC, there is a 
fine line between the choice to drain or not to drain. In a large retrospective cohort, 
Farges et al found that biliary drainage improved postoperative outcome and that it 
was recommended, especially when patients were jaundiced and had a small FLR.31 A 
second debate concerns the best drainage technique. Preoperative biliary drainage, 
in Western countries, is often performed endoscopically, by a gastroenterologist 
or percutaneously through the liver, by an interventional radiologist. To provide an 
answer to the question which technique is superior, the first randomized controlled 
trial (DRAINAGE trial) including patients with PHC was started in 2013.39 The primary 
outcome was the number of drainage related complications before surgery. Secondary 
outcome was postoperative morbidity and mortality. The results of this trial are 
presented in CHAPTER 4.

After resection of the tumor, the resection specimen is evaluated by a pathologist. This 
is an essential step to evaluate residual disease and oncological status. Residual disease 
and other pathology parameters are prognostic for survival in most tumors. However, 
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their value as a prognostic factor in cholangiocarcinoma research is not always evident 
from the literature and previous studies.40 The lack of implemented standard pathology 
reporting combined with the complexity of the specimen (with multiple resection and 
dissection margins) leads to incomplete reporting.41–43 In CHAPTER 5 the bottlenecks 
in PHC pathology reporting are evaluated. Recommendations for future improvement 
of assessment and interpretation of the PHC resection specimen are provided as well.

The majority of patients with PHC, an estimated 70-80%, are unresectable and cannot 
be cured. One of the main issues for patients with (locally) advanced disease, is local 
obstruction of the bile ducts. Although stenting is performed, tumor growth into 
the stents can obstruct them again and decrease stent patency.49 Therefore, ablative 
techniques in combination with systemic treatment are an attractive option since they 
might prolong stent patency. Options for systemic treatment alone, to elongate and 
improve quality of life are limited. 44 First line systemic treatment consists of chemotherapy 
with gemcitabine and cisplatin.45 This increases survival from 9 to 12 months. Several 
new targeted treatment options are being researched at the moment.46–48 In CHAPTER 
6, a new treatment modality, irreversible electroporation (IRE), is introduced that might 
be able to help with this problem.50

Part II: The basics of biliary tract cancer

“Chaos is found in greatest abundance wherever order is being sought. It always defeats 
order, because it is better organized.” Terry Pratchett

Perihilar cholangiocarcinoma is part of a diverse group of cancers that derive from the 
biliary tract. This group can be subdivided into four anatomical subtypes according 
to their localization. Intrahepatic cholangiocarcinoma (ICC) originates from the 
peripheral bile ducts, proximal of the second bifurcation of the hepatic ducts. Perihilar 
cholangiocarcinoma originates distal from the second bifurcation and proximal from 
the cystic duct. Gallbladder carcinoma (GBC) originates from the epithelium of the 
gallbladder or cystic duct and distal cholangiocarcinoma (DCC) originates from the mid-
section of the common bile duct towards the ampulla. There has always been much 
debate on the classification of biliary tract carcinoma (BTC)51. From a surgical perspective 
BTC are often treated as different entities. Anatomical subtypes require different surgical 
treatments and therefore reporting is often done per subtype. Since surgical treatment 
differs, postoperative outcomes differ as well: probably mainly related to the extent of 
surgery.52,53 However, it is not clear in what way the long-term (oncological) outcome 
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1is influenced by anatomical subtype. In CHAPTER 7 an overview of long and short-
term outcome of patients with resected biliary tract cancers is provided. Differences and 
overlap in biological behavior could be explained by genomic background of tumors.54

Several authors have looked into the molecular background of the four different 
anatomical subtypes of biliary tract cancer. Interestingly, genomic profiles tend to be 
related to the cell of origin from which the tumor derives.55–57 Intrahepatic tumors can 
derive from the stem cell niche or from dedifferentiated cells in the smaller or larger 
bile ducts whereas perihilar and distal tumors can derive from the progenitor cells in 
the peribiliary glands or from dedifferentiated mature cells in the larger bile ducts.58–61 
More insight into the overlap and differences in the genomic profile of biliary tract 
cancers can help with the development of new diagnostic techniques, such as liquid 
biopsies.62–65 Furthermore, it could help to find targets for therapy.47,66–68 An overview, 
however, of mutations of the whole biliary tract was lacking. In CHAPTER 8 this 
overview is provided as a systematic review and meta-analysis of the current literature 
on mutations of biliary tract cancer.

Part III: Novel approaches to diagnose perihilar cholangiocarcinoma

“But I don’t want to go among mad people!” Alice remarked. “Oh, you can’t help that” said 
the Cat: “we’re all mad here. I’m mad, you’re mad.” “How do you know I’m mad?” said Alice. 
“You must be” said the Cat, “or you wouldn’t have come here.” Alice in Wonderland, Lewis 
Caroll

The integration of molecular data in the daily practice of medicine is a promising field. 
Novel techniques, such as targeted sequencing of circulating tumor DNA and resection, 
biopsy and cytology specimens have been added to the repertoire of physicians in 
the treatment and diagnostics of for example lung- and colorectal carcinoma.62,63,69,70 
However, for many rare diseases, including CCA, the role of molecular biology in daily 
practice, is still in its early days. Nevertheless, it is a promising field. It can be used, not only 
to understand disease, but also to increase diagnostic effectiveness and to find targets 
for therapy. As mentioned earlier, one of the main issues in establishing a diagnosis 
of PHC is to differentiate it from benign disease such as IgG4-associated cholangitis or 
primary sclerosing cholangitis, since all these entities can cause hilar strictures. Simply 
measuring serum IgG4 is not an optimal method to establish IgG4-relate disease. This is 
mainly due to the fact that not all patients with IgG4-related disease have a high serum 
IgG4, and, furthermore, some 15% of patients with a malignancy of the pancreas or 
biliary tract have increased IgG4.71,72 This phenomenon has been observed in other 
malignancies and is further elaborated in CHAPTER 9. ERCP with brush cytology 
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is to date the reference standard to obtain a pathology diagnosis.24,73 However, its 
sensitivity is low 27-56%.21 One of the main problems, is the low yield of tumor cells 
of biliary brushes. Perihilar tumors often show periductal growth and have a high 
stromal content. Moreover, strictures and concomitant inflammation of the hilar ducts 
may cause reactive atypia of the biliary epithelium. Therefore, brush cytology is often 
inconclusive since it only contains stromal or atypical cells. Several auxiliary techniques 
have been investigated to either increase tissue yield (different brush techniques, 
intraluminal biopsies or cholangioscopy) or to detect molecular fingerprints of cancer 
in cytology samples, such as FISH or qPCR.74–80 PCR of KRAS and FISH proved useful in 
brush cytology of patients with pancreatic cancer or distal cholangiocarcinoma.78,79 
However, KRAS mutations are less frequent in perihilar cholangiocarcinoma compared 
to pancreatic cancer.81 Targeted sequencing of multiple genes, not KRAS only, could 
help to further determine these samples.

In CHAPTER 10 the results of a pilot study in which inconclusive brush cytology 
was sequenced are presented. The lack of accuracy of diagnostic tools results in 
an unnecessary surgical procedure in at least 15% of all patients with presumed 
resectable PHC.23 Some of these patients have IgG4-associated cholangitis, a biliary 
tract manifestation of the systemic IgG4-related disease.82,83 The disease is characterized 
by pseudotumor formation and inflammation, and is not easily diagnosed. In 2016, 
Doorenspleet et al. developed a test that determined the IgG4/IgG RNA ratio by qPCR 
in blood.84 Since IgG4-associated cholangitis is a systemic disease, it remains active, 
even after resection. Immunosuppression with corticosteroid therapy is often the 
effective treatment.85 Therefore, it is useful to detect the disease, even after resection for 
presumed PHC. In CHAPTER 11, we determined which patients who were resected for 
PHC actually had IgG4-associated cholangitis and tested if they still had active disease 
using the IgG/IgG4 ratio.
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