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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 so-

called 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 near-

infrared 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 two-

year survival rate of 65% was reported. The authors concluded that the regimen was well-

tolerated 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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