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Introduction

BACKGROUND
Cholangiocarcinoma is a rare form of adenocarcinoma that originates in the epithelial cells of 
the bile ducts. It has an estimated incidence of 5 patients per 100.000 inhabitants in Western 
countries, accounting for less than 2% of all human malignancies,1 but the incidence is rapidly 
increasing.2 Usual classifications distinguish tumors arising from bile ducts inside or outside the 
liver, i.e. intrahepatic and extrahepatic cholangiocarcinoma. Yet, the boarder of the intrahepatic 
and extrahepatic bile ducts, which is located near the confluence of the bile ducts in the liver 
hilum, is the most frequently involved site.3 Cholangiocarcinoma tumors arising at this location 
vary in their intrahepatic or extrahepatic origin, and constitute several morphological subtypes, 
including mass-forming, periductal, and intraductal tumors. Nonetheless, these tumors share 
similar features on cholangiography, require similar surgical management, and are associated 
with comparable survival.3,4 Therefore, the American Joint Committee on Cancer staging 
system groups these tumors together as ‘perihilar cholangiocarcinoma’ – the name being a 
testimony to their origin in the bile ducts around the liver hilum.5 (Figure 1) The group of perihilar 
cholangiocarcinoma includes tumors originating in the hepatic duct, the hepatic duct confluence, 
and in the left or right hepatic duct. These tumors have previously been described as ‘hilar 
cholangiocarcinoma’ or ‘Klatskin tumors’, but these names failed to capture the mixture of 
intrahepatic and extrahepatic tumors. Perihilar cholangiocarcinoma is the most frequent subtype 
of cholangiocarcinoma with an incidence of 1 to 2 patients per 100.000 inhabitants, and is the 
major focus of this thesis. 

 

Figure 1. Diagram showing the groups of bile ducts that cholangiocarcinoma can arise from. Image used with permission 
from Cancer Research UK / Wikimedia Commons.
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TREATMENT
Perihilar cholangiocarcinoma in early stage are mostly indolent growing tumors, progressing slowly 
without being noticed by the patient. Tumors can grow proximally into the biliary tree, where they form a 
complex relation with the segmental bile ducts. To characterize this involvement, the proximal extent of 
perihilar cholangiocarcinoma is described using the Bismuth classification, which was originally designed 
in 1975 by Henry Bismuth and Marvin B. Corlette.6 (Figure 2) Jaundice is often the first clinical symptom 
– it develops after the tumour obstructs the bile ducts fully and the patient’s blood begins to fill up 
with bile pigments. The majority of tumors has critically invaded the local vasculature by then, or has 
metastasized to distant sites in the body. Therapy in patients with locally advanced or metastatic disease 
is limited to palliative chemotherapy, and the reported median survival is only 12 months.7 Surgical 
resection, however, is a viable option in patients with tumors detected at earlier stage. Localized perihilar 
cholangiocarcinoma are effectively treated by resecting the extrahepatic bile duct and part of the liver, 
which is sometimes combined with a portal vein resection and reconstruction if necessary. Data from the 
Dutch registry (Nederlandse Kanker Registratie) showed that approximately 10% of patients diagnosed 
with perihilar cholangiocarcinoma between 2009 and 2011 underwent a resection.8 The median survival 
reported after resection varies between 30 and 40 months,9-11 rendering surgery favorable over any 
other type of treatment. Moreover, survival after surgery has been improved in recent years since the 
deployment of multidisciplinary teams and the introduction of extended resections.12 Combined resection 
including a bile duct resection and a hemihepatectomy (at least three segments of the liver) has been 
shown to prolong survival compared to a local bile duct resection only, and it is now considered the gold 
standard in treatment of perihilar cholangiocarcinoma.

HAZARDS IN SURGERY
Despite the favorable role of surgery, it also entails severe hazards. Staging of perihilar 
cholangiocarcinoma is complex due to possible involvement of the segmental biliary tree 
and local vascular structures. Computed tomography (CT) and/or magnetic resonance 
cholangiopancreatography (MRCP) are used to assess resectability, but have imperfect accuracy 
to detect locally advanced tumors or metastasis.13 As a result, approximately 40% of patients 
undergoing exploratory laparotomy are ultimately diagnosed with unresectable disease during the 
operative procedure – occult metastases are recovered or the tumor appears to critically invade 
local vascular structures. A resection cannot be performed in these patients, but the aftermath of 
a negative procedure may still result in postoperative complications such as pneumonia or wound 
infection, hampering physical status and quality of life. Surgery without resection confronts patients 
with potential adverse events, whilst offering no survival benefit.

Hazards in patients who undergo an actual resection of perihilar cholangiocarcinoma are even 
larger. Most of these hazards are caused by jaundice, which has detrimental effects on the patients’ 
physical status: Jaundice reduces the function as well as regenerative capacity of the liver due to 



12

Introduction

cholestasis;14 it impairs nutritional status by deviating bile from the gastro-intestinal tract; and it 
predisposes patients to infection due to a portal and systemic bacterial translocation from the gut.15 

These changes have far-reaching consequences. Not only does jaundice impact patients’ quality 
of life, it also sensitizes the patient to surgical injury – already in 1935, Allen Whipple acknowledged 
an increased risk of surgery in jaundiced patients.16 Especially in the setting of combined bile 
duct and partial liver resection, jaundiced patients are at high risk of postoperative morbidity and 
mortality. Observed complications include, but are not limited to: liver failure, bile leakage from 
the hepaticojejunostomy, abscess formation, and sepsis. These complications culminate in a 
postoperative mortality rate that is reported between 5 and 18%,17 qualifying liver surgery for perihilar 
cholangiocarcinoma among the most dangerous surgical procedures performed nowadays. 

 

Figure 2. The Bismuth classification describes the proximal extent of the tumor. Type 1 grows below the confluence of the 
left and right hepatic ducts; type 2 involves the confluence; type 3A and 3B grow into the right and left segmental hepatic 
ducts, respectively, and type 4 grows into the segmental hepatic ducts bilaterally.

TAILORED CARE
Selecting the optimal treatment in patients with perihilar cholangiocarcinoma is a trade-off between 
opportunities for long-term survival against the danger of procedural risks: surgery offers the only 
chance for long-term survival or cure, but perioperative complications may cause abrupt death. 
Choices need to be made in several stages of the perioperative process, which are summarized 
in Figure 3. The challenge is to select the optimal treatment in each of these stages, whilst 
unacceptable risks are avoided: tailored care is at the heart of the matter.
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Figure 3. Stages with respective choices to be made in the perioperative process of perihilar cholangiocarcinoma. 
Tailored care requires patient and tumor related factors to be considered in each of the described stages.

AIMS
Many types of gastro-intestinal cancer have seen tailored care introduced a long time ago, but 
a lack of data have limited its introduction in treatment of cholangiocarcinoma. The rarity of the 
disease limited the development of adequate prognostic models, let alone the validation of any 
kind of model. For the present thesis, multi-institutional collaborations were sought to improve 
statistical power: many patients were included from the Academic Medical Center in Amsterdam, 
the Memorial Sloan Kettering Cancer Center in New York, and the University Medical Center 
Groningen. These collaborations have resulted in a series of studies that evaluated prognostic 
factors, developed new prognostic models, and validated existing models. The aim of this thesis is 
to provide recommendations and clinical decision rules for tailored care in patients with resectable 
perihilar cholangiocarcinoma. The broader objective is to improve patient selection for surgery and 
additional interventions, as well as to increase perioperative safety. 

OUTLINE OF THE THESIS
The first part of this thesis focuses on biliary drainage, which is used to treat jaundice prior to 
surgery. Preoperative biliary drainage creates a passage for bile along an obstructing tumor; it 
reduces cholestasis and it restores the enterohepatic circulation of bile acids. These properties 
decrease the risk of postoperative complications such as liver failure and systemic infection. 
However, biliary drainage can be harmful when complications related to the drainage procedure 
deteriorate the patient’s condition prior to surgery. Especially cholangitis developing after biliary 
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drainage is a notorious risk factor with regards to perioperative mortality. In order to decrease the 
risk of complications, biliary drainage is thus required to be effective and performed using as few 
procedures as possible. Two methods of biliary drainage are available, including endoscopic and 
percutaneous drainage, and both methods possess benefits and risks. Chapter 1 provides a clinical 
decision rule to choose the appropriate method based on the patient’s profile, since extensive 
tumor involvement and high bilirubin levels were shown to predict failure of endoscopic drainage. 
In chapter 2, we present a study protocol to compare endoscopic and percutaneous drainage 
in a randomized trial. The study is designed to identify a difference in the total number of severe 
preoperative complications, with the broader aim to decrease perioperative morbidity and mortality. 
Chapter 3 is complementary to the first two chapters, as it compares the long-term effects of both 
drainage methods. 

The second part of this thesis contemplates preoperative risk assessment. Staging systems are 
needed to inform patients and physicians preoperatively of the potential benefits and risks of surgery. 
Ideally, such staging systems are able to enhance shared-decision making shortly after diagnosis 
of the disease: Chapter 4 provides a new preoperative staging system that may be used to select 
patients for exploratory laparotomy. The staging system distinguishes four patient categories with 
incremental chances of resectability and long-term survival. The surgical risks of liver resection for 
perihilar cholangiocarcinoma are further detailed in chapter 5 that presents a preoperative risk 
score to predict postoperative mortality. The risk score revolves around the volume of the future 
liver remnant as one of the most important determinants of surgical risks, and accordingly identifies 
opportunities to tailor the use of preoperative biliary drainage.

Preoperative decision-making may be additionally informed by assessment of patient frailty, which 
has been an increasing topic of interest in many research fields. In chapter 6, we used computed 
tomography to assess preoperative skeletal muscle loss and predict outcomes following partial 
hepatectomy. 

Part three of this thesis provides data for intra-operative decision-making. Chapter 7 is an 
experimental study that was designed to improve resilience of jaundiced rats against damage 
from ischemia/reperfusion injury, which is an inevitable side effect of surgery that results from the 
temporary deprivation of blood supply to the liver. Obstructive jaundice from a tumor causes bile 
acids to accumulate in the liver – a process called cholestasis. Unfortunately, these high levels of bile 
acids sensitize the liver to ischemia/reperfusion injury. Based on previous studies with statins in rats 
with normal and fatty livers, we hypothesized that Atorvastatin treatment would also protect the liver 
in jaundiced rats with cholestatic liver.

Chapter 8 includes patients with gallbladder carcinoma, which is an aggressive disease with a high 
propensity of recurring after resection. The extrahepatic bile duct may contain micro metastases at 
the time of resection, since it is the neighboring anatomical structure. Therefore, routine extrahepatic 
bile duct resection has been proposed as part of a curative-intent resection of gallbladder carcinoma, 
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denying the additional risks associated with such an extended procedure. Our study investigated 
recurrence patterns after resection of gallbladder carcinoma, and provides new evidence that routine 
extrahepatic bile duct resection is of no additional value.

Part four considers postoperative staging and implications for adjuvant treatment in perihilar 
cholangiocarcinoma. Ever since the first study of adjuvant therapy in breast cancer was published in 
1981,18 researchers have been trying to improve survival after resection of all sorts of malignancies. 
Many phase II studies have been undertaken to test adjuvant chemotherapy in cholangiocarcinoma, 
but there are currently no randomized trials available to establish the role that adjuvant treatment 
should have. Based on this lack of clinical trials, Dutch guidelines currently do not approve adjuvant 
treatment. Nonetheless, a recent meta-analysis of retrospective studies supported adjuvant 
treatment for cholangiocarcinoma. The study especially found a survival benefit in patients with 
risk factors for recurrences, such as local lymph node metastasis (N1) or a resection margin with 
microscopic tumor cells (R1).19 For the last part of this thesis, we envisioned the installment of 
adjuvant treatment when results from randomized trials will become available – postoperative risk 
stratification and patient selection for adjuvant treatment is already evolving as a topic of interest.

Chapter 9 describes the recurrence rate and pattern of perihilar cholangiocarcinoma after curative-
intent resection. The study provides important insight into the biological behavior of the disease: 
many patients develop a recurrence, but these recurrences grow slowly and may manifest only years 
after resection. The findings in this study emphasize the need for risk stratification and adjuvant 
strategies after resection of perihilar cholangiocarcinoma. In that respect, chapter 10 compares 
the conventional 6th and 7th editions of the American Joint Committee on Cancer staging systems. 
Although the 7th edition distributed patients more equally across stages, both staging systems 
were found to have inadequate prognostic accuracy to discriminate between low-risk and high-risk 
patients after resection. Therefore, we developed and externally validated a new nomogram to predict 
survival after resection of perihilar cholangiocarcinoma in chapter 11. The nomogram is based 
on the prognostic factors lymph node status, resection margin status, and tumor differentiation, 
and may be used to guide shared decision-making for adjuvant therapy in the future. Chapter 12 
assessed the additional prognostic value of measuring micro metastases in lymph nodes.

Ultimately, cholangiocarcinoma should be treated with molecular agents targeting specific tumour 
characteristics, as previously shown effective e.g. with receptor-targeted therapy in breast and 
colorectal cancer. Chapter 13 describes a meta-analysis that compares immunohistochemical 
biomarker expression profiles between resected intrahepatic and extrahepatic cholangiocarcinoma. 
The study aimed to identify avenues for targeted molecular therapy, as tailored care will continue to 
develop in treatment of cholangiocarcinoma.
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CHAPTER 1

ABSTRACT
Background: Preoperative biliary drainage is often initiated with endoscopic biliary drainage (EBD) in 
patients with potentially resectable perihilar cholangiocarcinoma (PHC), but additional percutaneous 
transhepatic biliary drainage (PTBD) drainage is frequently required. This study aimed to develop and 
validate a prediction model to identify patients with a high risk of inadequate EBD.

Methods: Patients with potentially resectable PHC and (attempted) preoperative EBD were included 
from two specialty center cohorts between 2001 and 2013. Indications for additional PTBD were 
failure to place an endoscopic stent, failure to relieve jaundice, cholangitis, or insufficient drainage 
of the future liver remnant. A prediction model was derived from the European cohort and externally 
validated in the USA cohort.

Results: Of the 288 patients, 108 (38%) required additional preoperative PTBD after inadequate 
EBD. Independent risk factors for additional PTBD were proximal biliary obstruction on preoperative 
imaging (Bismuth 3 or 4) and predrainage total bilirubin level. The prediction model identified three 
subgroups: patients with low risk (7%), moderate risk (40%), and high risk (62%). The high-risk 
group consisted of patients with a total bilirubin level above 150 µmol/L and Bismuth 3a or 4 tumors, 
who typically require preoperative drainage of the angulated left bile ducts. The prediction model had 
good discrimination (area under the curve 0.74) and adequate calibration in the external validation 
cohort.

Conclusions: Selected patients with potentially resectable PHC have a high risk (62%) of 
inadequate preoperative EBD requiring additional PTBD. These patients might do better with initial 
PTBD instead of EBD. 
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1INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is the most common type of cholangiocarcinoma with a 
median overall survival of 12 months if locally advanced or metastatic at presentation.1 A combined 
extrahepatic bile duct and liver resection for resectable tumors has a median overall survival of 
30–40 months in large series.2-4 Unfortunately, surgical resection has been associated with a high 
rate of postoperative mortality (3%–18%).2-9 Liver failure is the most common cause of postoperative 
death and has been attributed to extended liver resections in the setting of biliary obstruction and 
cholangitis.10,11  

Biliary drainage of the future liver remnant (FLR) is recommended by some to resolve biliary obstruction 
and improve liver function preoperatively.12 Adequate drainage of the FLR, as reflected by normalized 
total bilirubin level and normal caliber biliary ducts, can potentially decrease postoperative morbidity, 
provided that the FLR volume is adequate. Two methods are used for biliary drainage: endoscopic 
biliary drainage (EBD) and percutaneous transhepatic biliary drainage (PTBD).

The majority of patients referred to specialty centers for surgical treatment have already undergone 
(attempted) endoscopic drainage before referral.13 However, EBD for proximal biliary obstruction 
may not always offer adequate biliary drainage and may contaminate undrained segments.13,14 Many 
patients require additional PTBD to obtain adequate preoperative biliary drainage or to treat infectious 
complications related to failed endoscopic stents. PTBD has the advantage of offering selective 
drainage of the FLR and can be useful in treating cholangitis with multiple isolated segments. In 
a previous report, out of 90 patients in whom biliary drainage for potentially resectable PHC was 
initiated with EBD, 30 patients (33%) required additional preoperative PTBD.13

Patients who have a high risk for additional preoperative PTBD after inadequate initial EBD may 
benefit from PTBD as the initial treatment. These patients could avoid the risks associated with 
EBD, including acute pancreatitis and contamination of undrained liver segments. The aim of this 
study was to develop and validate a prediction model to identify patients with a high risk of requiring 
additional preoperative PTBD after initial EBD.

METHODS
Patients
Consecutive patients who underwent exploratory laparotomy with curative intent for presumed 
PHC between January 2001 and December 2013 were identified from prospectively maintained 
databases at two institutions: the Academic Medical Center (AMC) in Amsterdam, The Netherlands, 
and Memorial Sloan Kettering Cancer Center (MSKCC) in New York, USA. Criteria used in both 
centers to select patients for exploratory laparotomy and potential resection are detailed in Table 1. 
The institutional review board at both institutions approved this study; at MSKCC, compliance with 
the Health Insurance Portability and Accountability Act (HIPAA) was ensured. 
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All included patients had an obstruction of the common hepatic duct, with or without obstruction of 
the bifurcation and second-order bile ducts, that was suspicious for PHC. Patients with obstruction 
of the left or right hepatic duct alone, without obstruction of the bifurcation, were not included in this 
study because these tumors normally do not cause jaundice and have no indication for preoperative 
stenting. All patients who underwent (attempted) EBD with plastic stent placement as the initial 
biliary drainage procedure were included. 

Exclusion criteria were: no (attempted) preoperative drainage, endoscopic metal stents,15,16 and a 
history of benign bile duct obstruction or cholecystitis with drainage procedures prior to suspicion of 
PHC. Patients who underwent PTBD as the initial drainage method were not included in the study 
cohort but were separately analyzed. 

Table 1. Imaging criteria used in the two centers to select patients for exploratory laparotomy and potential resection of 
perihilar cholangiocarcinoma.

Metastasis* •	 No distant metastases (e.g. peritoneal, lung, or liver) 
•	 No lymph node metastases beyond the hepatoduodenal ligament

Future liver remnant Anticipated:
•	 Adequate volume (30%–40%)
•	 Tumor-free portal vein, after venous reconstruction if necessary
•	 Tumor-free hepatic artery
•	 Tumor-free proximal and distal bile duct

* Endoscopic ultrasound (EUS)-guided fine needle aspiration or percutaneous biopsy could be used in selected patients 
to rule out metastases beyond the hepatoduodenal ligament.
Note: Bilateral obstruction of second-order bile ducts (Bismuth 4) was not considered unresectable by itself.

Preoperative biliary drainage
Adequate preoperative biliary drainage requires decompression of the bile ducts in the FLR and 
a total bilirubin level below 50 µmol/L (2.9 mg/dL). Therefore, the left liver segments need to be 
drained in patients scheduled for right hepatectomy, and the right liver segments need to be drained 
in patients scheduled for left hepatectomy. 

An attempt at EBD was initiated either in a regional center before referral or in one of the two 
specialty centers after referral. The initial EBD procedure, if technically successful, most often 
resulted in placement of a single 10-Fr stent. At presentation in the specialty centers, all patients 
with a suspicion of PHC were staged with computed tomography (CT) and/or magnetic resonance 
imaging (MRI) and evaluated in a multidisciplinary team meeting.17 

Preoperative biliary drainage or additional biliary drainage was considered if cholestasis was present 
in the FLR as evidenced by elevated total bilirubin level and/or dilated bile ducts in the FLR, or if 
there were signs of cholangitis not responding to antibiotic treatment. When additional drainage was 
indicated, at AMC, the optimal method (repeat EBD or PTBD) for the additional drainage procedure 
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1was selected during a multidisciplinary team meeting, based on the cause of drainage failure and 
the biliary anatomy.16 In some patients, repeat EBD was used to obtain adequate drainage and 
PTBD was not required. In others, repeat EBD was not considered technically feasible and additional 
PTBD was used. At MSKCC, PTBD was used in all patients who required additional biliary drainage 
before exploratory laparotomy. At both centers the decision to proceed with additional PTBD was 
ultimately at the discretion of the attending surgeon. The techniques of EBD and PTBD have been 
described previously.13  

Definitions
The endpoint in the prediction model was the indication for additional PTBD after initial (attempted) 
EBD. Indications for additional PTBD were classified as one of the following: technical failure of EBD, 
defined as the inability to insert a draining stent; therapeutic failure of endoscopic stents, defined 
as persistent jaundice or recurrent jaundice prior to surgery; cholangitis after EBD not responding 
to antibiotic treatment, characterized by fever, leukocytosis and raised total bilirubin; insufficient 
drainage of the FLR, characterized by persistent dilatation of the FLR bile ducts. The latter indication 
occurred when an endoscopic stent was placed in the contralateral bile ducts and relieved jaundice 
without draining the bile ducts in the FLR, so that the increased risk of postoperative liver failure from 
obstruction in the FLR was maintained despite a normalized bilirubin level.6 

Study variables were restricted to data that were available before biliary drainage was initiated. These 
variables included demographics, comorbidities (Charlson comorbidity score),18 the type of hospital 
where the initial procedure was performed (specialty versus regional center), predrainage total bilirubin 
level, and proximal extent of bile duct obstruction on imaging according to the Bismuth criteria.19,20 The 
available preoperative images were retrospectively reviewed when the level of bile duct obstruction 
was missing in the original radiology reports (by C.Y.N. at AMC and by B.G.K. in MSKCC). 

Statistical analysis
For the study variable predrainage total bilirubin level, 11% of values (n = 17) were missing in the 
AMC cohort and 19% (n = 25) in the MSKCC cohort. These values were missing when the referral 
center had not included laboratory values in the referral letter and were therefore considered to be 
missing at random. Missing predrainage total bilirubin values were imputed with multiple imputation 
in both the derivation and validation cohort (five imputation cohorts). 21 A regression model was used 
with all study variables as well as with the available preoperative bilirubin levels. The data was pooled 
using Rubin’s rule.22

Univariable and multivariable analyses were performed on the AMC cohort, which led to the 
development of a prediction model. Study variables were dichotomized around a cut-off, as 
determined by optimal sensitivity and specificity in the derivation dataset,23 to allow clinical 
interpretation. In univariable analysis, associations were analyzed using Fisher’s exact test, Pearson 
chi-squared test, or Mann–Whitney U  test, as applicable. All study variables were entered into a 
multivariable logistic regression model and were evaluated using automated conditional backward 
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selection with a cut-off value of P = 0.1 to be retained in the regression model. Risk groups that were 
identified by the multivariable analysis were then collapsed into three groups (i.e. high, moderate, 
and low risk) using nearest neighbor clustering.24 Logistic regression with the new grouping variable 
as a single predictor was used to determine the corresponding predicted outcomes. The resultant 
prediction model is presented as a table with predictions. This model was subsequently validated 
in the external MSKCC cohort. We assessed the prediction model in terms of discrimination (area 
under the curve [AUC]) and calibration.25  

Subsequently, the total number of drainage procedures was analyzed in patients who underwent 
PTBD, with and without previous EBD, using univariable analysis as described above. This comparison 
aimed to assess the potential gain if patients had been treated with initial PTBD instead of initial EBD, 
as proposed in the prediction model. All analyses were performed in SPSS v22 (SPSS Inc., Chicago, 
Illinois, USA), and R (a language and environment for statistical computing), version 3.0.2.

RESULTS
Study cohort
There were 405 patients who underwent exploratory laparotomy with curative intent for presumed 
PHC identified from the two databases. Patients without preoperative biliary drainage (n = 51) were 
excluded, and patients who underwent initial PTBD (n = 45) were analyzed separately. Preoperative 
biliary drainage was initiated with (attempted) EBD in the other 309 patients (76%). An additional 21 
patients were excluded, including 11 because of metal stent placement, resulting in 288 patients for 
the final study cohort (158 from AMC in the derivation cohort and 130 from MSKCC in the validation 
cohort). Figure 1 details the inclusions and exclusions in a flowchart. 

In the study cohort, the final pathology after surgery confirmed the diagnosis of PHC in 273 of 
the 288 patients (95%) and showed that 15 patients (5%) had benign disease. Among patients 
with PHC, 122 (45%) underwent bile duct resection combined with a liver resection and 25 (9%) 
underwent a bile duct resection only; 126 patients (46%) underwent no resection because of an 
intraoperative diagnosis of locally advanced or distant metastatic disease. 

Postoperative 90-day mortality after resection of PHC was 14% (21/147 patients) and median 
overall survival after resection of PHC was 37 months (95% confidence interval [CI] 25–49 months).

Preoperative biliary drainage procedures
The median number of preoperative EBD procedures in the prediction model cohort was one (range 
1–5), although 121 patients (42%) underwent two or more EBD procedures. EBD was adequate 
in 180 patients (62.5%), but ultimately 108 of the 288 patients (37.5%) required additional PTBD 
after the initial EBD. Therapeutic failure of endoscopic stents was the most common indication for 
additional PTBD (n = 42; 15%), followed by cholangitis after EBD (n = 31; 11%), technical failure of 
endoscopic stenting (n = 18; 6%), and insufficient drainage of the FLR (n = 17; 6%). A single PTBD 
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procedure was sufficient in 35 of these patients (32%), but the median number of additional PTBD 
procedures was two (range 1–6), and 35 patients (32%) required three or more PTBD procedures. 

Patient characteristics and biliary drainage details from the two separate cohorts (AMC and MSKCC) 
are presented in Table 2. The indications for additional PTBD in each center are shown in Table 3. 

Multivariable analysis
Demographics, comorbidities, and the hospital type for the initial EBD procedure (specialty versus 
regional referral center) were not associated with the indication for additional PTBD after initial EBD. 
The predrainage bilirubin level showed predictive value, after determining a cut-off of 150 µmol/L 
(sensitivity 0.69, 95%CI 0.56–0.80; specificity 0.55, 95%CI 0.44–0.66). 

Multivariable analysis in the AMC cohort showed that a predrainage total bilirubin level above 
150 µmol/L (8.8 mg/dL) and the proximal extent of bile duct obstruction were independent predictors 
(Table 4). Eight risk groups (2 × 4) were identified based on these predictors. 

Model derivation
The eight risk groups were collapsed into three risk groups based on the observed incidence of 
additional PTBD in the AMC cohort (Figure 2). The low-risk group (n = 29) consisted of patients 
without second-order bile duct obstruction (Bismuth 1 or 2). The moderate-risk group (n  =  77) 
consisted of patients with left-sided second-order bile duct obstruction (Bismuth  3b) regardless 
of the predrainage total bilirubin level, and patients with right-sided or bilateral second-order bile 

 

Figure 1. Flowchart of inclusions and exclusions in the study. Boxes with dashed lines contain patients included in the 
study. Patients who underwent initial (attempted) endoscopic biliary drainage (EBD) meeting secondary exclusion criteria 
were included in the study cohort for the prediction model only. Patients who underwent initial percutaneous transhepatic 
biliary drainage (PTBD) were analyzed separately. (AMC, Academic Medical Center, Amsterdam; MSKCC, Memorial Sloan 
Kettering Cancer Center, New York.)
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duct obstruction (Bismuth 3a or 4) in combination with a predrainage total bilirubin level below 
150  µmol/L (8.8  mg/dL). The high-risk group (n  =  52) consisted of patients with right-sided or 
bilateral second-order bile duct obstruction (Bismuth 3a or 4) and a predrainage total bilirubin level 
above 150 µmol/L (8.8 mg/dL). The corresponding predicted risks were 7% for the low-risk group, 
40% for the moderate-risk group, and 62% for the high-risk group.

Table 2. Clinical characteristics of the patient cohorts at the two study centers. 

Variable AMC (n = 158) MSKCC (n = 130)

Age at laparotomy, median (IQR), years 64 (13) 68 (17)

Male sex, n (%) 114 (58%) 83 (42%)

BMI, median (IQR), kg/m2 25 (5) 27 (6)

Charlson comorbidity score, median (IQR) 0 (1) 0 (1)

Extent of bile duct obstruction, Bismuth type, n (%)

   1/2

   3b – left second-order bile ducts

   3a – right second-order bile ducts

   4 – bilateral second-order bile ducts

29 (18%)

39 (25%)

60 (38%)

30 (19%)

42 (32%)

20 (15%)

37 (29%)

31 (24%)

Predrainage total bilirubin, median (IQR), µmol/L* 166 (172) 152 (186)

(Attempted) EBD performed in regional hospital before referral, n (%) 114 (72%) 128 (98%)

Number of EBD procedures, median (IQR) 2 (1) 1 (1)

Time between first EBD procedure and laparotomy, median (IQR), days 87 (54) 46 (31)

Additional PTBD after initial EBD, n (%) 65 (41%) 43 (33%)

Number of PTBD procedures if any, median (IQR) 2 (2) 2 (1)

AMC, Academic Medical Centre; MSKCC, Memorial Sloan Kettering Cancer Center; IQR, interquartile range; BMI, body 
mass index; EBD, endoscopic biliary drainage; PTBD, percutaneous transhepatic biliary drainage.
* To convert total bilirubin level to mg/dL, divide by 17.1.

Table 3. Indications for additional percutaneous transhepatic biliary drainage (PTBD) in the patient cohorts at the two 
study centers.

AMC (n = 158) MSKCC (n = 130)

Number of patients requiring additional PTBD, n (%) 65 (41%) 43 (33%)

Indication for additional procedure, n (%)

   Technical failure of EBD   6 (4%) 12 (9%)

   Therapeutic failure of EBD 27 (17%) 15 (12%)

   Cholangitis 21 (13%) 10 (8%)

   Insufficient drainage of the future liver remnant 11 (7%)   6 (5%)

AMC, Academic Medical Centre; MSKCC, Memorial Sloan Kettering Cancer Center; EBD, endoscopic biliary drainage.
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Table 4. Univariable and multivariable analysis of risk factors for additional percutaneous transhepatic biliary drainage 
(PTBD) drainage in the derivation study cohort.

Variable

Total 
patients, 

n

Additional PTBD, 
drainage, 

n (%)
Univariable 

P value
Multivariable 

P value
Odds ratio 

(95%CI)

Variables selected

Predrainage total bilirubin ≥150 µmol/L* 

   No

   Yes

67

91

21 (31%)

44 (48%)

0.02 Reference

0.02
2.4 (1.2–5.0)

Extent of bile duct obstruction, 

Bismuth type

   1/2

   3b – left second-order bile ducts

   3a – right second-order bile ducts

   4 – bilateral second-order bile ducts

29

39

60

30

  2 (7%)

16 (41%)

30 (50%)

17 (57%)

<0.001

Reference

0.004

0.001

<0.001

10.3 (2.1–50.4)

14.9 (3.2–69.6)

18.8 (3.7–95.7)

Variables not selected

Male sex 114 50 (44%) 0.47

Age ≥65 years 75 26 (35%) 0.15

Charlson comorbidity index ≥2 29 9 (31%) 0.30

(Attempted) EBD in regional hospital 114 48 (42%) 1.00

* Equivalent to 8.8 mg/dL.

Model validation
The prediction model showed good discrimination in the AMC derivation cohort (AUC 0.72; 
95%CI  0.63–0.80), as well as in the MSKCC validation cohort (AUC 0.74; 95%CI  0.64–0.83). 
Table 5 shows adequate calibration of the prediction model. Patients in the high-risk group required 
additional preoperative PTBD in 62% of patients in the MSKCC validation cohort, which was identical 
to the predicted risk.

Table 5. Calibration table showing the predicted risks and observed event rates of additional percutaneous transhepatic 
biliary drainage (PTBD) after inadequate endoscopic retrograde biliary drainage (EBD) in the validation cohort. 

Risk group* Predicted risk, % (95%CI) Observed events, n/total (%)

Low risk   7% (0–42)   6/42 (14%)

Moderate risk 40% (23–57) 13/49 (27%)

High risk 62% (45–79) 24/39 (62%)

CI, confidence interval.
* Low risk: patients with Bismuth 1 or 2 tumors. Moderate risk: patients with Bismuth 3b tumors, and patients with 
Bismuth 3a or 4 in combination with a predrainage total bilirubin level below 150 µmol/L (8.8 mg/dL). High risk: patients 
with Bismuth 3a or 4 and a predrainage total bilirubin level above 150 µmol/L. 
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Figure 2. Detailed and schematic presentation of the prediction model. Eight groups were identified from multivariable 
analysis. These groups were collapsed into three risk groups (i.e. low, moderate, or high risk) based on the observed event 
rate of additional percutaneous transhepatic biliary drainage (PTBD) in the derivation cohort at the Academic Medical 
Center, Amsterdam. Illustrations below the table schematically show how patients are categorized into the three risk 
groups. 

 

Patients with initial PTBD 
The number of drainage procedures was compared between the group of 108 patients who 
underwent additional PTBD after inadequate EBD and the group of 45 patients who underwent 
initial PTBD without previous EBD. Both groups were comparable in terms of the predictive factors 
identified in this study, as shown in Table 6. 
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Table 6. Number of drainage procedures in patients who underwent additional percutaneous transhepatic catheter biliary 
drainage (PTBD) after initial endoscopic biliary drainage (EBD) drainage and in patients who underwent initial PTBD.

Variable Additional PTBD 
after initial EBD 

(n = 108)

Initial PTBD 

(n = 45)

P value

Predictive factors in the prediction model

Extent of bile duct obstruction, Bismuth type, n (%)

   1/2

   3b – left second-order bile ducts

   3a – right second-order bile ducts

   4 – bilateral second-order bile ducts

  9 (8%)

22 (20%)

44 (41%)

33 (31%)

 

 5 (11%)

12 (27%)

15 (33%)

13 (29%)

0.73

Predrainage total bilirubin, median (IQR), µmol/L* 193 (160) 190 (138) 0.66

Preoperative biliary drainage procedures

Number of EBD procedures prior to PTBD, median (IQR) 1 (1) n/a

Number of PTBD procedures, median (IQR) 2 (2) 2 (2) 0.64

Total preoperative biliary drainage procedures, median (IQR) 4 (2) 2 (2) <0.001

IQR, interquartile range.
* To convert total bilirubin level to mg/dL, divide by 17.1.

The median number of preoperative drainage procedures was significantly lower in those patients 
who were initially treated by PTBD compared with those initially treated by EBD (two versus four, 
respectively; P < 0.001).

DISCUSSION
Preoperative biliary drainage potentially creates a safer environment in jaundiced patients prior to liver 
surgery for PHC; it improves function and regeneration in the FLR.12 The decision to use drainage 
and the method of drainage chosen should be tailored to the anticipated resection following careful 
examination of CT and/or MRI images.16 Not all patients benefit from preoperative drainage, for 
example patients scheduled for pancreatectomy or local bile duct resection will not benefit,26 but 
it has been shown to reduce perioperative morbidity in patients selected to undergo large liver 
resections for PHC.6,7

This study set out to predict inadequate preoperative EBD requiring additional PTBD in patients 
with potentially resectable PHC. Two predictors were identified: the proximal extent of bile duct 
obstruction and the predrainage total bilirubin level. These factors were used to design a prediction 
model with three risk groups that was derived from the AMC cohort in Europe. The risk groups 
varied in the predicted risk of additional PTBD after initial EBD: low (7%), intermediate (40%), and 
high (62%). The high-risk subgroup consists of patients with both a high predrainage bilirubin level 
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(≥150 µmol/L or 8.8 mg/dL) and right-sided or bilateral second-order bile duct obstruction (Bismuth 
type 3a or 4). External validation in the MSKCC cohort in the USA showed good discriminative 
power and adequate calibration. 

This prediction model can be applied as a clinical decision rule for patients with potentially resectable 
PHC. An initial EBD procedure appears futile or even harmful in patients with a high risk (62%) of 
requiring additional preoperative PTBD; the use of EBD in patients with an intermediate risk (40%) of 
requiring additional PTBD may be subject to debate; the use of EBD in patients with a low risk (7%) 
of requiring additional PTBD seems justified.

A median of four preoperative drainage procedures was observed in patients who required additional 
PTBD after inadequate EBD. In comparison, we analyzed the number of drainage procedures in a 
comparable group of 45 patients who underwent initial PTBD without previous EBD and showed that 
these patients underwent significantly fewer drainage procedures. Reducing the number of preoperative 
biliary drainage procedures in patients with PHC is important because every biliary drainage procedure 
has associated procedural risks, such as acute pancreatitis, and may cause patient discomfort.13 
Moreover, biliary drainage and, in particular, inadequate biliary drainage can cause cholangitis, which 
is the most important risk factor for postoperative mortality after major liver resections for PHC.5,11

The total bilirubin level reflects the extent and severity of obstruction in the bile ducts, so a raised 
level may reflect a stricture that is difficult to drain endoscopically. The level of bile duct involvement 
predicts the need for additional preoperative PTBD for several reasons. EBD is less technically 
demanding and has good outcome in patients with Bismuth 1 or 2 tumors, as previously shown 
by others.27 Tumors with obstruction of second-order bile ducts (i.e. ≥Bismuth 3) are more difficult 
to manage endoscopically, but the anatomical relation between the tumor and the bile ducts is 
critical within this group. The left liver segments are more difficult to drain endoscopically than the 
right because the angle of the left hepatic duct is sharper and more difficult to negotiate with the 
endoscopic guidewire. Therefore, preoperative PTBD is more often required in patients with type 
3a or 4 tumors, who more often require right (extended) hepatectomy and preoperative drainage of 
the left liver segments, compared with patients with type 3b tumors, who require left hepatectomy 
and preoperative drainage of the right liver segments. In addition, Bismuth 3a and 4 tumors cause 
isolation of two large sections of the liver, the right anterior and posterior sections, representing 
about two-thirds of the liver volume.28 Therapeutic failure after EBD is common in these patients 
because a single stent only drains about a third of the liver, and there is a higher risk of contaminating 
obstructed biliary radicles and cholangitis. Corroboratively, type 3a and 4 tumors had the highest 
odds ratios for requiring additional PTBD in the statistical model and were consequently grouped 
together as “high risk” by the automated clustering. 

Endoscopic guidelines, including the European Society of Gastrointestinal Endoscopy (ESGE) 
guideline published in this journal, recommend that endoscopic drainage of perihilar strictures 
should be performed in high-volume centers.15,16 Although the hospital type for the initial 
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preoperative endoscopic biliary drainage in this study, it seems preferable to refer patients at an early 
stage. Multidisciplinary teams in specialty centers have wide experience in assessing resectability, 
evaluating the indication for biliary drainage, and choosing the optimal method of biliary drainage to 
be used. Moreover, both EBD and PTBD methods are readily available in most Western high-volume 
centers, whereas only few regional centers have the necessary expertise for PTBD.

There are a number of strengths to this study. Although it has previously been shown that PTBD 
is a better option than EBD for palliative drainage of Bismuth 3 and 4 tumors, this is the first study 
providing a clinical decision rule for preoperative drainage in patients with potentially resectable 
PHC. Furthermore, the study setup, which focused on patients with EBD stents, reflects current 
practice because most patients are currently being referred to specialty centers with an EBD stent 
in situ. Many of these patients (38% in the present study) have inadequate drainage after EBD so 
could have benefited from initial PTBD. 

Derivation of the prediction model in a European center and subsequent validation in a US center 
also showed that the predictions are robust and surpass cultural differences in drainage policy that 
may exist between centers. Finally, this is the largest reported series of patients with biliary drainage 
for PHC (n = 288), while it consists solely of patients who were selected for surgical therapy.

There are several limitations to this retrospective study. The cohorts included patients who underwent 
drainage in regional or specialty centers in two different continents, so some heterogeneity in 
procedural methods can be expected. Consequently, the results of this study may not translate 
to specialized endoscopists with vast experience in drainage of PHC. Secondly, as the model was 
optimized for prediction, care must be taken when interpreting the presented odds ratios for etiologic 
risk factors, as they were not adjusted for all potential confounders. 

Thirdly, selection of predictors in the model was based on backward regression, even though more 
sophisticated methods, such as model selection with the least absolute shrinkage and selection 
operator (LASSO), have recently been developed.29 Nonetheless, discrimination and calibration were 
both good in the external validation dataset, which we took as evidence that the derived prediction 
model was accurate. Fourthly, we used multiple imputation of the missing predrainage total bilirubin 
levels in both the derivation and validation cohort.21 Although imputation may have introduced a 
small bias, imputation of missing variables has been shown to decrease the risk of bias by not 
excluding patients with missing values.30

Fifthly, this study included 288 patients who underwent exploratory laparotomy after initial 
endoscopic drainage, but the intended resection was not performed in a large subset of patients 
(46%) because of an intraoperative diagnosis of locally advanced or distant metastatic disease. 
Unfortunately, a finding of inoperability at the time of surgery is common among patients with PHC, 
and improvements in preoperative staging are much needed for better patient selection. 



34

CHAPTER 1

Lastly, this study could not evaluate whether PTBD is associated with a lower rate of complications 
or better oncologic outcome than EBD. Opinions on the preferred method of preoperative biliary 
drainage vary greatly, all based on retrospective data. EBD is widely available and is considered to 
be less invasive than a PTBD. Japanese institutions advocate EBD and, in particular, endoscopic 
nasobiliary drainage because PTBD tract metastases have been described in 2%–5% after 
preoperative PTBD and resection of PHC.31-33 Other centers prefer to use preoperative PTBD. 
Percutaneous drainage has the ability to selectively drain liver segments, and percutaneous 
drains may reduce hepaticojejunostomy leaks postoperatively. Moreover, preoperative PTBD has 
been associated with lower rates of cholangitis in small series;13,14 a clinical trial is currently being 
conducted to assess such differences.34 

In conclusion, we derived and validated a prediction model that identifies patients with potentially 
resectable PHC who are likely to require preoperative PTBD after inadequate drainage with EBD 
alone. Patients with obstruction of the right-sided or bilateral second-order bile ducts (Bismuth 3a 
or 4) and a total bilirubin level above 150 µmol/L (8.8 mg/dL) have a high risk (62%) of requiring 
additional preoperative PTBD after initial EBD. These patients should therefore be considered for 
initial PTBD rather than endoscopic drainage to minimize the total number of drainage procedures.
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ABSTRACT
Background: Liver surgery in perihilar cholangiocarcinoma (PHC) is associated with high 
postoperative morbidity because the tumor typically causes biliary obstruction. Preoperative biliary 
drainage is used to create a safer environment prior to liver surgery, but biliary drainage may be 
harmful when severe drainage-related complications deteriorate the patients’ condition or increase 
the risk of postoperative morbidity. Biliary drainage can cause cholangitis/cholecystitis, pancreatitis, 
hemorrhage, portal vein thrombosis, bowel wall perforation, or dehydration. Two methods of 
preoperative biliary drainage are mostly applied: endoscopic biliary drainage, which is currently used in 
most regional centers before referring patients for surgical treatment, and percutaneous transhepatic 
biliary drainage. Both methods are associated with severe drainage-related complications, but two 
small retrospective series found a lower incidence in the number of preoperative complications after 
percutaneous drainage compared to endoscopic drainage (18-25% versus 38-60%, respectively). 
The present study randomizes patients with potentially resectable PHC and biliary obstruction 
between preoperative endoscopic or percutaneous transhepatic biliary drainage.

Methods/Design: The study is a multi-center trial with an ‘all-comers’ design, randomizing 
patients between endoscopic or percutaneous transhepatic biliary drainage. All patients selected to 
potentially undergo a major liver resection for presumed PHC are eligible for inclusion in the study 
provided that the biliary system in the future liver remnant is obstructed (even if they underwent 
previous inadequate endoscopic drainage). Primary outcome measure is the total number of severe 
preoperative complications between randomization and exploratory laparotomy. The study is 
designed to detect superiority of percutaneous drainage: a provisional sample size of 106 patients 
is required to detect a relative decrease of 50% in the number of severe preoperative complications 
(alpha = 0.95; beta = 0.8). Interim analysis after inclusion of 53 patients (50%) will provide the 
definitive sample size. Secondary outcome measures encompass the success of biliary drainage, 
quality of life, and postoperative morbidity and mortality.

Discussion: The DRAINAGE-trial is designed to identify a difference in the number of severe 
drainage-related complications after endoscopic and percutaneous transhepatic biliary drainage in 
patients selected to undergo a major liver resection for perihilar cholangiocarcinoma.

Trial registration: Netherlands Trial Register (NTR4243, 11 October 2013)
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is a biliary malignancy originating at or near the hepatic duct 
confluence that typically causes biliary obstruction with concomitant cholestasis.1  Surgical resection 
of PHC, using a combined extrahepatic bile duct resection and partial liver resection, offers the best 
chance for long-term survival with a reported median survival of 19–39 months in large series.2 
However, liver surgery in cholestatic patients with PHC is associated with high risks of postoperative 
morbidity and mortality, as reported up to 68% and 18%, respectively.3,4

Preoperative biliary drainage is used to create a safer environment for liver surgery in PHC.5 It 
reduces jaundice, improves nutritional status and liver function, reduces bacterial translocation, and 
improves the ability of the liver to regenerate postoperatively.6 Owing to these effects, preoperative 
biliary drainage has been shown to reduce postoperative mortality, especially in extended liver 
resections.7 Nonetheless, biliary drainage can be harmful when drainage related complications 
further deteriorate the patients’ condition or increase the risk of postoperative morbidity.8-10 These 
complications potentially outweigh the benefits of biliary drainage, and should be minimized in order 
to optimize surgical outcomes.

The two most commonly used drainage techniques are endoscopic biliary drainage (EBD) or 
percutaneous transhepatic biliary drainage (PTBD). EBD is often used to treat symptoms of jaundice in 
regional centers before referral to specialty centers for surgical management. However, preoperative 
EBD in PHC is associated with a high rate of complications such as cholangitis and pancreatitis. As 
an alternative, PTBD reportedly has a high rate of technical success and theoretically, is associated 
with a lower incidence of cholangitis because there is no retrograde bacterial contamination from 
the gut. Nonetheless, other drawbacks have been reported of PTBD including hemorrhage, catheter 
dislocation, and patient discomfort. Only two small retrospective series (n = 68 and n = 101) have 
compared the incidence of preoperative complications, consistently reporting fewer complications 
after PTBD compared to EBD (18-25% versus 38-60%, respectively).11,12 These studies were 
obviously flawed by their retrospective study design and heterogeneity in procedure-site (i.e. 
regional versus specialty center). Prospective studies are needed to confirm the potential benefit of 
preoperative PTBD compared to EBD.

The present study randomizes patients between preoperative EBD and PTBD. Patients are eligible 
for inclusion when they have presumed PHC on imaging, when they are selected to potentially 
undergo a major liver resection, and when they have biliary obstruction in the future liver remnant 
(FLR). The study is based on an “all-comers” design, so patients may also be included if they 
require additional preoperative biliary drainage after previous inadequate EBD in a regional center 
before referral. The primary outcome measure of the study focuses on the total number of severe 
preoperative drainage-related complications.
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STUDY DESIGN
Study objectives
The aim of this study is to compare EBD and PTBD in terms of the total number of preoperative 
severe drainage-related complications (primary outcome), the success of biliary drainage, quality of 
life, and postoperative morbidity and mortality.

Design
The present study is a multicenter randomized controlled superiority trial. Patients are randomized to 
preoperative EBD or PTBD by minimization using computer-generated allocation (www.tenalea.net). 
The randomization procedure is stratified for three factors, including: (attempted) biliary drainage 
procedures before referral to the enrolling center (drainage naïve versus drainage non-naive); the 
level of bile duct involvement (Bismuth type 1, 2, 3A or 3B versus type 4); and enrolling center.

Participating centers
Five specialty centers for PHC treatment in the Netherlands are currently enrolling patients, including 
the Academic Medical Center in Amsterdam, the Erasmus Medical Center in Rotterdam, the 
University Medical Center Groningen, the Maastricht University Medical Center, and the University 
Medical Center Utrecht.

Ethics
This study is conducted in accordance with the principles of the Declaration of Helsinki and the Dutch 
Medical Research Involving Human Subjects Act. The medical ethical committee of the Academic 
Medical Center in Amsterdam approved the protocol on September 2, 2013. An addendum to 
the protocol was approved March 5, 2014. Secondary approval was sought from all local ethics 
committees. Informed consent is obtained from each participating patient in oral and written form 
prior to randomization. The DRAINAGE trial is registered in the Dutch Trial Register with identification 
number NTR4243.

Study population
The study is based on an “all-comers” design. All patients with presumed PHC, who are selected 
by the multidisciplinary team meeting at one of the enrolling centers to potentially undergo a 
major liver resection, are eligible for inclusion in the study when they have biliary obstruction in 
the FLR.

Inclusion criteria
According to the 7th edition of the American Joint Committee on Cancer staging, PHC is defined as 
a tumor originating in the common hepatic duct, the hepatic duct confluence, or in the left or right 
hepatic duct.1 The latter category may also include patients with an intrahepatic tumor that invades 
the hepatic duct confluence. Pathologic confirmation of PHC is not required prior to inclusion in the 
study. Patients are selected to potentially undergo a major liver resection if preoperative imaging with 
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CT and/or MRCP shows a resectable tumor without evidence of distant metastases (including lymph 
node metastases beyond the hepatoduodenal ligament).1  Portal vein resection and reconstruction 
may be required to obtain tumor-free resection margins.

Biliary obstruction in the FLR is separately defined for patients with or without previous EBD 
procedures (Table 1). For drainage naïve patients, it is defined as a total bilirubin level of at least 50 
μmol/L. For patients with previous EBD procedures, it is defined as a persistently rising total bilirubin 
level above 50 μmol/L (i.e. no stent placed or insufficiently draining stent) or as persistent biliary 
dilatation in the FLR on imaging (i.e. previous stent placed in contralateral side of liver).

Table 1. Definitions of biliary obstruction in the future liver remnant

Patient type Definition of inadequate biliary drainage

Drainage naïve Serum Bilirubin >50 μmol/L

Drainage non-naïve Persistently rising total bilirubin level above 50 μmol/L (i.e. no stent 
placed or insufficient draining stent)

Persistent biliary dilatation in the FLR on imaging (i.e. previous stent 
placed in contralateral side of liver).

Patients are ‘drainage non-naïve’ if they underwent previous (attempted) EBD before referral to one of the enrolling centers.

Exclusion criteria
Since the primary outcome measure focuses on complications, patients are not eligible for inclusion 
if they have incompletely recovered from any side effect of previous biliary drainage procedures. 
Patients are required to be off antibiotic treatment for at least 5 days. Other exclusion criteria 
include any contra-indication for major liver surgery (e.g. ECOG/WHO score ≥3), technical contra-
indication for either EBD or PTBD (e.g. previous gastrojejunostomy), or refusal to provide informed 
consent.

Primary outcome measure
The primary outcome is the total number of severe drainage-related complications measured 
between randomization and exploratory laparotomy. The study is designed to detect superiority of 
PTBD. Some patients lose eligibility to undergo major liver resection before exploratory laparotomy 
(e.g. distant metastases found at staging laparoscopy, deterioration of the patients’ condition, or 
diagnosis of benign disease precluding the need for surgical therapy). For these patients, the number 
of drainage-related complications is measured until 7 days after the decision to cancel exploratory 
laparotomy, or until 90 days after randomization (whichever comes first).

A severe complication is defined as any complication related to the drainage procedures, leading 
to an additional invasive intervention, (extended) hospitalization, or death. Definitions for potential 
severe drainage-related complications, as evaluated in previous studies,11,13 are shown in Table 2.
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To exclude bias in determining events pertaining to the primary outcome measure, a blinded 
adjudication committee will review all events and evaluate whether events count as severe 
complication according to the proposed definitions.

Secondary outcome measures
Secondary outcome measures will be used to select the preferred method if there is no difference in 
the primary outcome at conclusion of the study. Secondary outcome measures include:

 ‒ The separate incidence of preoperative cholangitis;

 ‒ The number of drainage procedures required to achieve technical success;

 ‒ The proportion of patients with therapeutic success at 7 days after technical success;

 ‒ The total number of drainage procedures that involved (attempted) stent (re-) placement;

 ‒ The proportion of patients requiring crossover treatment;

 ‒ Interval bilirubin decrease at 7 days and 14 days after biliary drainage relative to the bilirubin 
level at randomization;

 ‒ The number of patients with rescheduled or cancelled laparotomy due to severe drainage-
related complications;

 ‒ Quality of life, measured with the EORTC Quality of Life Questionnaire C-30 (QLQ-C30) and its 
biliary cancer module (QLQ-BIL21);

 ‒ Postoperative morbidity and mortality, as defined in Table 3, among patients who underwent 
combined extrahepatic bile duct and major liver resection.

Study outline
The general study outline is presented in Figure 1. All patients with presumed PHC presenting 
at the participating centers are evaluated in a multidisciplinary team meeting. Patients are eligible 
for inclusion if all in-and exclusion criteria are met according to the multidisciplinary team meeting 
based on clinical history and CT and/or MRCP imaging. Next, the type of liver resection indicated 
is determined in the multidisciplinary team meeting, defining the side of the FLR and primary 
aim of preoperative biliary drainage. Planned liver resections may consist of right (extended) 
hemihepatectomy, left extended hemihepatectomy, or left hemihepatectomy: the corresponding 
FLR that should be drained preoperatively consists of the left liver segments, the right posterior 
segments, or the right anterior + posterior segments.

After informed consent has been obtained, patients are randomized to undergo EBD or PTBD of the 
FLR within 5 days. The allocated drainage procedure should be repeated until internal biliary drainage 
of the FLR has been achieved (i.e. technical success). Follow-up is done at 7 days after technical 
success: therapeutic success at follow-up is defined as normal caliber bile ducts in the FLR on 
ultrasonography and a minimum 20% decrease in the total bilirubin level compared to the reference 
level at randomization. Additional total bilirubin assessments are performed at 14 days after technical 
success, and at admission for exploratory laparotomy, to evaluate patency of the biliary drainage. 
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Table 2. Definitions of severe complications in the primary outcome measure

Severe complication Criteria

Cholangitis Elevation in temperature more than 38,5°C and Leukocytes ≥10 *109/L, thought to 
have a biliary cause, without concomitant evidence of acute cholecystitis, requiring 
invasive intervention.

Acute cholecystitis Radiologic evidence of cholecystitis, elevation in temperature more than 38.5°C and 
Leukocytes ≥10*109/L, and requirement of percutaneous drainage or emergency 
cholecystectomy

Stent/ catheter dysfunction Rising bilirubin level after therapeutic success had initially been obtained, without signs 
of cholangitis or cholecystitis, requiring new cannulation of the tumor.

Acute pancreatitis Abdominal pain and a serum concentration of pancreatic enzymes (amylase or lipase) 
≥3 times the upper limit of normal, that requires ≥1 one night of hospitalization

Hemorrhage Clinical evidence of bleeding with the need of a blood transfusion.

Perforation Retroperitoneal or bowel-wall perforation documented by any radiographic technique 
requiring intervention.

Portal vein thrombosis Clinical evidence of thrombosis confirmed on colour Doppler US as absence of flow 
compatible with occlusion, precluding liver surgery.

Dehydration Severe dehydration with electrolyte disturbances resulting from excessive fluid loss 
through externally draining catheters, requiring rehydration in the clinical setting.

Table 3. Definitions of postoperative morbidity and mortality

Event Criteria

Postoperative mortality Any reason of death within 90 days after major liver resection

Postoperative morbidity

Posthepatectomy liver 
failure

Increasing INR and bilirubin on or after postoperative day 5 plus deviation from regular 
clinical management (Grade B definition according to the International Study Group of 
Liver Surgery (ISGLS)).14

Cholangitis Elevation in temperature more than 38.5°C and Leukocytes ≥10*109/L, thought to 
have a biliary cause, without concomitant evidence of acute cholecystitis, requiring 
invasive intervention.13

Hepaticojejunostomy 
(biliary) leakage

Drainage of fluid with an increased bilirubin level three times greater than the serum 
level on or after postoperative day three; or the need for interventions as the result of 
bile collections or biliary peritonitis; or direct visual evidence of defect at anastomoses 
(definition according to ISGLS).15

Intra-abdominal abscess 
formation

Intra-abdominal fluid collection with positive cultures identified by ultrasonography or 
computed tomography, associated with persistent fever and elevations of white blood 
cells.13

Wound infection Requiring intervention; otherwise considered as minor complication.13

Portal vein thrombosis Conclusive radiologic evidence of thrombosis.13

Hemorrhage A drop in haemoglobin level >3 g/dl post-operatively compared with the post-
operative baseline level and/or post-operative transfusion of ≥2 units packed red 
blood cells for a falling haemoglobin and/or the need for radiological intervention (such 
as embolization) and/or re-laparotomy to stop bleeding (Grade B/C haemorrhage 
according to ISGLS).16

Emergency re-laparotomy Any (other) reason following major liver resection.13

Pneumonia Pulmonary infection with radiological confirmation and requiring antibiotic treatment.13
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Revisional drainage procedures may be required if complications occur after biliary drainage, as 
described in Table 2. Complications are treated according to local guidelines. Crossover treatment 
is allowed if the allocated drainage procedure is considered to be no longer technically feasible (e.g. 
cholangitis with multiple isolated segments after EBD, requiring additional PTBD).

Additional staging (e.g. percutaneous biopsy or staging laparoscopy) may be used to further 
determine resectability of the tumor after randomization and initial biliary drainage. Patients who 
loose eligibility to undergo major liver resection because distant metastases are found at additional 
staging remain included in the intention-to-treat analysis, as described above.

Exploratory laparotomy is intentionally scheduled at 4 weeks after randomization, or at 6 weeks 
after randomization if the patient requires portal vein embolization. A radical resection is pursued at 
exploratory laparotomy if the diagnosis of resectable PHC without distant metastases is confirmed. 
Resections consist of excision of the liver hilum en bloc with (extended) hemihepatectomy 
including the caudate lobe, and complete lymphadenectomy of the hepatoduodenal ligament. 
Portal vein excision and reconstruction are used when necessary. If present, transhepatic 
percutaneous drains are left in-situ and used as transanastomotic drains to facilitate healing of the 
hepaticojejunostomies.

Preoperative biliary drainage
Technical success of biliary drainage is defined as successful stent/catheter placement providing 
internal biliary drainage of the future liver remnant. Preoperative biliary drainage preferably consists 
of unilateral drainage of the FLR, but bilateral drainage may be indicated as evaluated by the treating 
physician (e.g. need for portal vein embolization or bilateral cholangitis).17

Endoscopic biliary drainage
A sphincterotomy with blended electrosurgical current may be used to facilitate the insertion of 
multiple stents and/or brush cytology. Opacification upstream of the obstruction is intentionally 
restricted to segments that are aimed to be drained during the procedure. Bile duct(s) unintentionally 
opacified upstream from the obstruction should be drained during the same procedure. Polyethylene 
endoprostheses (size 10Fr) are then pushed in position over the catheter. Directly after the procedure, 
a 100 mg Diclofenac suppository is administered to the patient for the prevention of post ERCP-
pancreatitis.18

Percutaneous transhepatic biliary drainage
The technique of PTBD involves the use of ultrasound guidance, a thin Chiba needle and a 0.014-
inch guidewire to gain access to the biliary system. Antegrade cholangiography will be used to 
localize the site of obstruction. The guidewire is maneuvered through the stenosis. A catheter is 
placed with its distal end in the duodenum for internal-external-drainage. Externally draining bile is 
collected approximately during the first 48 h, after which the catheter is closed in order to achieve 
internal drainage.
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Antibiotic treatment
Standard antibiotic prophylaxes are administered at the start of each biliary drainage procedure, 
according to local protocol as described in an additional file available online at the publisher’s 
website. Prophylactic antibiotic protocols vary between centers, but they are similar for EBD and 
PTBD procedures in the same center.

Data collection and monitoring
All preoperative and postoperative complications will be monitored. Patients complete 
questionnaires (QLQ-C30/BIL21) at the day of randomization, and at 7 days, 28 days, and 90 
days after randomization. There will be regular contact between the trial coordinator and the 
participating centers. Baseline and outcome data are collected by designated data managers using 
a standardized case record form (available online at the publisher’s website), which is monitored by 
the trial coordinator.

 

Figure 1. Flowchart of the study
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Statistical analysis
The DRAINAGE trial is a superiority trial, designed to detect a reduction in the primary outcome 
measure in favor of PTBD. The analysis will be based on the intention-to-treat principle.

Sample size
Determination of the sample size is split in a provisional and definitive calculation, because only 
little retrospective evidence is currently available for power estimation. A previous study from the 
primary study center showed a severe complication rate of 60% in the EBD group versus 18% in 
the PTBD group. In the DRAINAGE trial, a complication rate of 50% is expected after EBD and 25% 
after PTBD (i.e. a relative decrease of 50%). This estimation was further expanded with proportions 
for the number of complications, as shown in Table 4. Accounting for a 3% dropout, 53 patients 
are needed in each arm resulting in a provisional required sample size of 106 patients (Wilcoxon/
Mann–Whitney rank-sum test for ordered categories; α = 0.95; β = 0.8).

Interim analysis after inclusion of 53 patients (50%) will provide the definitive sample size, which 
will be calculated based on the observed number of complications in the EBD group. The definitive 
sample size will be determined similar to the provisional sample size, again using a relative decrease 
of 50% in the proportion of complications unless the absolute decrease drops below 20%, which is 
defined as the lowest absolute decrease with clinical relevance.

Table 4. The estimated number of complications in each study group used to calculate the provisional sample size

EBD PTBD

0 complications 50% 75%

1 complication 25% 17%

≥2 complications 25% 8%

Total proportion 100% 100%

The estimated proportion of patients is presented for each categorical number of complications.

Data analysis
The principal analysis consists of an intention-to-treat comparison of the number of preoperative 
severe drainage-related complications. The research hypothesis will be evaluated using a Wilcoxon/
Mann–Whitney rank-sum test with a two-sided 0.05 significance level. The comparison will be 
expressed in terms of a relative risk and 95% confidence intervals, as determined with multinomial 
logistic regression.

Subsequent analyses are directed at the secondary endpoints. Continuous data will be presented as 
the mean with standard deviation or median with interquartile range depending on data distribution, 
and accordingly evaluated with Mann–Whitney U or t-test statistics. Categorical variables will be 
evaluated using Pearson’s chi-squared test or Fisher’s Exact test as applicable.
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Preplanned subgroup analyses will be based on a dichotomized complication rate to retain statistical 
power (no complication versus 1 or more complications), and the analyses will consist of logistic 
regression with the subgroup and randomized treatment added as an interaction term. Subgroup 
analysis will be performed for patients with Bismuth type 4 tumors, and patients with a left-sided 
FLR.

Safety
An independent data safety monitoring board (DSMB), consisting of three independent specialists 
(surgeon, gastroenterologist, clinical epidemiologist) will evaluate the progress of the trial and 
examine the unblinded safety variables (serious adverse events, patients completing study follow-
up) after 50% of inclusion (53 patients). The DSMB will assist and advise the principal investigators 
so as to protect the validity and credibility of the trial. Furthermore, annual unblinded safety reports, 
including all serious adverse events per group, are provided to the institutional review board.

DISCUSSION
Preoperative biliary drainage in PHC is a technically difficult procedure, associated with a high risk 
of severe drainage-related complications that may deteriorate the patients’ condition or increase 
the risk of postoperative morbidity and mortality after liver surgery. The majority of patients referred 
for surgical treatment have already undergone EBD procedures with attempted stent placement 
upon referral. However, preoperative EBD in PHC is associated with a high rate of complications: 
technical failures may occur because proximal tumors at the liver hilum are difficult to cannulate 
endoscopically; cholangitis may occur because isolated bile ducts with segmental obstruction may 
be left undrained after contrast injection; and pancreatitis may occur after repeated attempts at 
contrast injection. As an alternative, PTBD has a high rate of technical success because it offers 
selective segmental drainage, and it has a theoretically lower incidence of cholangitis because there 
is no retrograde bacterial contamination from the gut. Percutaneous drains also have the potential 
advantage of protecting hepaticojejunostomies from leaking postoperatively. Nonetheless, PTBD 
is associated with other drawbacks, including hemorrhage from perforated liver parenchyma, bile 
leakage, catheter dislocation, and patient discomfort. The DRAINAGE trial is designed to answer 
the question if preoperative PTBD is associated with fewer preoperative severe drainage-related 
complications compared to EBD.

Although PTBD is often in used in Western specialty centers, it has been associated with seeding 
metastases in 2-5% of patients after resection of PHC.12,19-21 Consequently, most Eastern specialty 
centers chose to use preoperative endoscopic nasobiliary drainage (ENBD) as their preferred method, 
after its efficacy was consolidated in a large series of 164 patients.22 Nonetheless, Western centers 
generally decline to use ENBD because it severely impairs patients’ quality of life. ENBD stents drain 
bile externally through a gastro-duodenal tube, and require bile suppletion either via the oral route or 
via a second gastro-duodenal tube. Moreover, an association with seeding metastases may not be 
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limited to PTBD, as previous series have also shown seeding metastases after endoscopic drainage 
methods.23 The DRAINAGE trial is designed to identify PTBD as the preferred preoperative drainage 
method despite the reported incidence of seeding metastases, because a negative effect of PTBD 
on survival after resection of PHC has insufficiently been shown.

The rarity of PHC complicates accrual of a sufficient number of patients in a randomized controlled 
trial. To overcome this challenge, all centers that specialize in surgical treatment of PHC in the 
Netherlands participate in the DRAINAGE trial, making it a nationwide study. The chosen “all-
comers” design, which allows patients to be included in the study even if they underwent previous 
inadequate drainage procedures in regional centers before referral, will also improve the patient 
accrual. Moreover, this study design provides pragmatic results to answer the question how to treat 
any patient that presents with potentially resectable PHC and biliary obstruction in the future liver 
remnant.
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ABSTRACT
Background: Endoscopic biliary drainage (EBD) and percutaneous transhepatic biliary drainage 
(PTBD) are both used to resolve jaundice prior to surgery for perihilar cholangiocarcinoma (PHC). 
PTBD has been associated with seeding metastases. The aim of this study was to compare overall 
survival (OS), and the incidence of initial seeding metastases that potentially influence survival, in 
patients with preoperative PTBD versus EBD.

Methods: Between 1991 and 2012, 278 patients underwent preoperative biliary drainage and 
resection of PHC at two institutions (Netherlands and USA). Of these, 33 patients were excluded for 
postoperative mortality. Among the 245 included patients, 88 patients who underwent preoperative 
PTBD (with or without previous EBD) were compared with 157 patients who underwent EBD-only. 
Survival analysis was done with Kaplan-Meier and Cox regression with propensity score adjustment.

Results: Unadjusted median OS was comparable between the PTBD group (35 months) and EBD-
only group (41 months; P=0.26). After adjustment for propensity score, OS between the PTBD 
group and EBD-only group was similar (Hazard ratio, 1.05; 95% CI, 0.74-1.49; P=0.80). Seeding 
metastases in the laparotomy scar occurred as initial recurrence in 7 patients, including 3 patients 
(3.4%) in the PTBD group and 4 patients (2.7%) in the EBD-only group (P=0.71). No patient had an 
initial recurrence in percutaneous catheter tracts. 

Conclusions: The present study found no effect of PTBD on survival compared to patients with 
EBD and no increase in seeding metastases that develop as initial recurrence. These data suggest 
that PTBD can safely be used in preoperative management of PHC.
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INTRODUCTION
Patients diagnosed with perihilar cholangiocarcinoma (PHC) typically present with obstructive 
jaundice, which impairs liver function and is a risk factor for mortality after hepatobiliary surgery.1 
Preoperative biliary drainage can resolve jaundice prior to surgery and may help reduce perioperative 
morbidity in patients submitted to en bloc partial hepatectomy.2 In Western centers, patients are 
preoperatively treated with endoscopic biliary drainage (EBD), percutaneous transhepatic biliary 
drainage (PTBD), or both.

PTBD has been the preferred preoperative drainage method in Asian centers for decades with 
favorable perioperative morbidity and mortality rates,3-5 but recent studies have focused on seeding 
metastases after preoperative PTBD and resection. These seeding metastases presumably result 
from exfoliated tumour cells in bile that drains along the percutaneous catheter. The incidence of 
catheter tract recurrences in those studies ranged from 2% to 5%,6-9 and the incidence of laparotomy 
scar recurrences was 1.3%.8 A low rate of seeding metastases has been reported since the early 
years of preoperative PTBD,10,11 but it is only recently that this low rate has been used to advocate 
for an exclusively endobiliary strategy. Based on the above data, many Eastern authors recently 
suggested that preoperative PTBD should be avoided and that endoscopic nasobiliary drainage 
should be preferred.12-14 From an oncological perspective, however, only recurrences that affect 
overall survival (OS) are clinically relevant recurrences. It remains unclear if the reported seeding 
metastases were solitary recurrences, if they coincided with other recurrences, or if they developed 
following recurrent metastatic disease. Moreover, none of the above studies have assessed the 
effect of preoperative PTBD on OS. 

The present study was designed to assess OS after resection of PHC in patients with preoperative 
PTBD compared to patients with preoperative EBD. Additionally, we assessed the incidence of 
seeding metastases developing as initial recurrence after resection, since we assumed that these 
initial recurrences would potentially influence OS. The broader objective was to establish the role that 
PTBD should have in preoperative management of PHC: either as a drainage method that can safely 
be used, or only as a salvage procedure when other methods have failed.

METHODS
Study population
Consecutive patients who underwent a resection with curative intent for PHC were identified from 
prospectively maintained databases at the Academic Medical Center (AMC) in Amsterdam, the 
Netherlands and the Memorial Sloan-Kettering Cancer Center (MSKCC) in New York, USA. PHC 
was defined according to the 7th edition of the American Joint Committee on Cancer staging 
manual.15 Patients were included from 1991 to 2012 if they had undergone preoperative biliary 
drainage prior to resection of PHC using extrahepatic bile duct resection and reconstruction with 
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or without concomitant liver resection. Exclusion criteria were R2 resection, re-resection after initial 
resection at another hospital, and 90-day postoperative mortality. Additional data were collected 
through retrospective chart review. The institutional review board (IRB) at both institutions approved 
this study.

Patient selection for resection and pre-operative management was similar between the two centers, 
as described previously.16 Biliary drainage was initiated in either a regional center before referral, or 
after referral to AMC or MSKCC. Patients were treated with initial EBD or initial PTBD according 
to the treating physician’s preference. Additional preoperative PTBD was performed when biliary 
decompression was inadequate after EBD or if EBD was associated with complications, such as 
cholangitis. The PTBD group in this study included patients treated with initial PTBD and patients 
treated with additional PTBD after inadequate EBD. The control group consisted of patients treated 
with preoperative EBD without previous or subsequent PTBD. 

All patients in the AMC in Amsterdam were routinely treated with a pre-operative low dose 
irradiation protocol (3x 3.5Gy in the three days preceding resection) with the aim to prevent seeding 
metastases.17 Entry sites of percutaneous drain tracts in the abdomen were not routinely excised 
after resection.

Follow-up after resection
All patients were followed with CT imaging at three and six months after resection to detect early 
recurrence. Thereafter, patients at AMC were followed with clinical assessments until five years after 
resection; imaging was performed when indicated by rising tumour markers, symptoms, or findings 
on physical exam. At MSKCC, follow-up included CT or MRI imaging every 4-6 months. Pathologic 
confirmation of recurrences was often obtained, but not required if imaging unambiguously 
demonstrated recurrent disease in patients that were unfit to undergo further treatment. Suspect 
lesions at the laparotomy scar or in the prior PTC drainage tract were always confirmed with a biopsy. 

Outcomes
The primary endpoint in this study was OS, measured from the date of surgery to the date of death. 
Patients alive at follow-up were censored at the date of last contact prior to April 1st, 2014. We 
used propensity score method rather than traditional multivariable analysis, since this method is 
considered superior in reducing confounding and bias, especially when analyzing relatively small 
observational datasets.18,19 

Secondary endpoints were directed towards the incidence of seeding metastases after resection. 
Analysis of recurrences focused on the pattern of initial recurrences; based on the assumption that 
prognosis is unlikely to be affected by seeding metastases that arise after recurrence at another 
site. Seeding metastases were defined as recurrences either in the percutaneous catheter tract 
(i.e., any recurrence along the catheter tract from skin to the intrahepatic bile duct),6 or in the 
laparotomy scar (i.e., any recurrence in the abdominal wall at the laparotomy scar).8 In addition, the 
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incidence of peritoneal recurrences (i.e., intra-abdominal recurrence in the peritoneum or ascites 
with malignant cells) was assessed, although these recurrences were not necessarily regarded as 
seeding metastasis.

Statistical analyses
Our method of propensity score adjustment was straightforward. First, we estimated propensity 
scores for the probability of PTBD assignment based on all observed baseline characteristics. 
Second, we analyzed OS with a Cox proportional hazards model including two variables: drainage 
method (PTBD versus EBD-only) and propensity score (continuous variable). This model adjusts the 
survival analysis conditional on the propensity score. Thus, the model calculates the effect of PTBD 
compared to EBD-only given that the propensity scores (i.e. the observed baseline characteristics) 
are hold equal. 

In more detail, we calculated propensity scores using multivariable logistic regression with preoperative 
PTBD as the outcome of interest and with adjustment for observed baseline characteristics, including 
demographics, comorbidities, total bilirubin level at referral, the level of bile duct involvement (Bismuth 
class), preoperative imaging variables (Blumgart T-stage), cholangitis, extended hepatectomy, and 
treating center. Three baseline characteristics had missing data, including bilirubin level at presentation 
(27.8% missing), Blumgart T-stage (6.9% missing), and preoperative cholangitis (5.3% missing). To 
avoid bias, multiple imputation with 10 imputed datasets was performed for these missing data 
prior to estimation of the propensity scores, using a regression model that included all baseline 
characteristics. To evaluate residual bias after adjustment for propensity score, logistic regressions 
with drainage method as outcome were performed for each of the baseline characteristics with and 
without adjustment for propensity scores. We then estimated OS using the Kaplan-Meier method, 
and compared the groups with the Log-Rank test in univariable analysis. Finally, a multivariable Cox 
proportional hazards model was used to compare OS between the PTBD and EBD-only groups after 
adjustment for the propensity score as a continuous variable. To assess the proportional hazards 
assumption, we inspected the hazard ratio (HR) plots and found no violation.

Analysis of secondary endpoints was performed using X2 tests, and 95% confidence intervals 
(CIs) were determined using the standard deviation of the mean. The type of liver resection and 
pathological characteristics were also compared using X2 tests. All analyses were performed in 
SPSS v22 (SPSS Inc., Chicago, IL).

RESULTS
Patients
A total of 344 consecutive patients underwent resection of PHC during the study period, of whom 
66 (19.2%) were excluded because they had not undergone preoperative biliary drainage. Of the 
remaining 278 patients, 33 (11.9%) were excluded for 90-day postoperative mortality: 3 of 37 
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patients (8.1%) treated with preoperative PTBD; 17 of 147 patients (9.8%) treated with preoperative 
EBD; 13 of 67 patients (19.4%) treated with both. As a result, 245 patients were included: 128 
treated at MSKCC and 117 at AMC. Patient characteristics were not different between MSKCC and 
AMC, except for age being higher at MSKCC (mean age 65 versus 61, respectively). The policy to 
use preoperative PTBD was different between the centers: PTBD was more often used in MSKCC 
than in AMC (43.8% versus 27.4%, respectively; P=0.008).

The PTBD group consisted of 88 patients (36%) who were treated with preoperative PTBD, 
including 54 patients who underwent PTBD after inadequate EBD. Patients in the PTBD group had 
undergone a median of 2 preoperative PTBD procedures (range, 1-5). The median time between 
the first PTBD drainage procedure and surgery was 38 days (range, 3-262); 17 patients (19.3%) 
had a percutaneous catheter in situ more than 60 days. The EBD-only group (i.e., the control 
group) consisted of 157 patients (64%) who were treated with preoperative EBD without PTBD. The 
distribution of patients between the PTBD and EBD-only groups was equal throughout the study 
period. The percentage of PTBD procedures between 1991-1996 was 32.3%; 1997-2001 37.0%; 
2002-2006 32.7%; 2007-2012 38.2% (P = 0.88).

Baseline characteristics of the study groups are presented in Table 1. Nearly all variables were 
different between groups, indicating severe bias at baseline. The mean propensity scores (and SD) 
for patients in the PTBD and EBD-only groups were 0.53 ± 0.24 and 0.27 ± 0.19, respectively, with 
an area under the curve of 0.79. Only minimal differences in baseline characteristics remained after 
adjustment for propensity score, as indicated by the adjusted P-values in Table 1. Type of resection 
and pathologic characteristics of both study groups are shown in Table 2. 

Overall Survival
Among the 245 included patients, 173 patients (71%) died during follow-up. The median OS was 38 
months (95% CI, 32-44 months) and 5-year survival was 32%. Median follow-up among survivors 
was 52 months (range, 6-251 months). The unadjusted OS was comparable between the PTBD 
group (36 months) and the EBD-only group (41 months; P=0.25; Figure 1A). Stratifying patients in 
the PTBD group between those who underwent EBD plus PTBD and those who underwent PTBD-
only did not reveal a difference when these two groups were compared to patients who underwent 
EBD-only (P=0.44; Figure 1B). After using propensity score adjustment to account for potential 
confounders, OS between the PTBD group and EBD-only group was similar (adjusted Hazard ratio, 
1.05; 95% CI, 0.74-1.49; P=0.80; Figure 2).

Seeding metastases developing as initial recurrence
87 patients in the PTBD group and 147 patients in the EBD-only group were available for recurrence 
analysis (1 patient missing in the PTBD group and 10 patients missing in the EBD-only group; total 
4%). Seeding metastases occurred as initial recurrence in 3 out of 87 patients in the PTBD group 
(3.4%; 95% CI, 0-7.3%), and in 4 out of 147 patients in the EBD-only group (2.7%; 95% CI, 0-5.3%; 
P=0.71). Among the total 7 patients who developed a seeding metastasis, 3 had developed a 
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Table 1. Baseline characteristics. Data are presented as No. (%), unless otherwise specified. Logistic regressions with 
drainage method as outcome (PTBD or EBD-only) were performed for each of the baseline variables to evaluate residual 
bias after adjustment for propensity scores.

P-value

Variable
PTBD 
(n=88)

EBD-only 
(n=157) Imputed

Imputed adjusted 
for propensity score

Male 53 (60.2) 100 (63.7) 0.59 0.94

Age, years, median (IQR) 61 (16) 65 (13) 0.01 0.99

Comorbidity, Charlson score,20 median (IQR) 0 (1) 0 (1) 0.92 0.81

Total bilirubin at referral, μmol/L, median (IQR) 135 (231) 39 (67) 0.02 0.92

Bismuth class on imaging

Type 1

Type 2

Type 3a

Type 3b

Type 4

Left or right hepatic duct

8 (9.1)

11 (12.5)

30 (34.1)

18 (20.5)

19 (21.6)

2 (2.3)

41 (26.1)

23 (14.6)

44 (28.0)

28 (17.8)

16 (10.2)

5 (3.2)

0.001 0.95

Blumgart T-stage on imaging

1

2

3

38 (43.7)

28 (32.2)

21 (24.1)

86 (61.0)

40 (28.4)

15 (10.6)

0.004 0.96

Preoperative cholangitis 25 (29.4) 13 (8.8) <0.001 0.89

Extended hepatectomy 43 (48.9) 44 (28.0) 0.001 0.99

Treating center 

MSKCC

AMC

56 (43.8)

32 (27.4)

72 (56.3)

85 (72.6)

0.008 0.98

concurrent local recurrence. Time to diagnosis of the seeding metastases was 8, 13, 14, 17, 20, 
21, and 66 months (median, 17 months), and overall survival in these 7 patients was 13, 30, 20, 21, 
21, 27, and 142 months, respectively (median, 21 months). All 7 seeding metastases developing 
as initial recurrence were abdominal wall recurrences at the site of the laparotomy scar. No initial 
recurrences were observed in a percutaneous catheter tract. The incidence of seeding metastases 
was not significantly different between both centers: 5 of 128 patients at MSKCC (3.9%; 95% CI, 
0.5-7.3%) and 2 of 106 patients at AMC (1.9%; 95% CI, 0-4.5%; P=0.46). 

Peritoneal recurrences
Initial peritoneal recurrences were observed in 32 of 234 patients with available recurrence status 
(13.7%; 95% CI, 9.2-18.1%). These included 11 out of 87 patients in the PTBD group (12.6%), and 
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21 of 147 patients in the EBD-only group (14.3%), which was not significantly different between 
groups (P=0.85). Concomitant peritoneal recurrence was observed in only 1 of 7 patients with a 
seeding metastasis as initial recurrence. 

DISCUSSION
Biliary drainage has become an important component of the preoperative preparation of patients 
with PHC, as multiple studies have shown that it decreases postoperative liver failure and mortality.2 
Nonetheless, several controversies have evolved. Eastern centers reported catheter tract recurrences 
after preoperative PTBD and resection of PHC, and promoted the use of alternative drainage 
methods. In the present study, however, we showed that preoperative PTBD is not associated with 

Table 2. Type of liver resection and pathological characteristics of the study groups. 

PTBD (n=88) EBD-only (n=157) P-value

Preoperative cytology assessment, n (%)

Positive or suspicious

Negative

Not performed

49 (55.7)

18 (20.4)

21 (23.9)

93 (59.2)

39 (24.8)

25 (15.9)

0.40

Type of liver resection, n (%)

Extrahepatic bile duct resection only

Segment 4/5 wedge resection

Mesohepatectomy

Left hemihepatectomy

Left extended hemihepatectomy

Right hemihepatectomy

Right extended hemihepatectomy

10 (11.4)

3 (3.4)

2 (2.3)

22 (25.0)

8 (9.1)

5 (5.7)

38 (43.2)

38 (24.2)

17 (10.8)

0 (0)

34 (21.7)

12 (7.6)

17 (10.8)

39 (24.8)

0.003

Resection including caudate lobe* 46 (61.3) 63 (61.8) 0.80

Resection specimen, n (%)

T3 or T4 tumor (AJCC 7th edition)

R1 resection

Moderate/poor differentiation

Perineural invasion

34 (38.6)

21 (23.9)

22 (25.0)

70 (79.5)

31 (19.7)

49 (31.2)

33 (21.0)

108 (68.8)

0.002

0.24

0.52

0.08

Resected lymph nodes

Total lymph node count, median (range)

N1 lymph node metastasis, n (%)

Mean lymph node ratio (pos/neg)

3 (1-22)

30 (34.1)

0.14 (1/7)

4 (1-20)

35 (22.3)

0.09 (1/11)

0.15

0.05

0.03

* Percentage of caudate resections only concerns patients who underwent meso- or hemihepatectomy.
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survival after resection of PHC when compared to patients who underwent preoperative endoscopic 
drainage. Moreover, PTBD was not associated with an increase in seeding metastases developing 
as initial recurrence that would potentially affect survival.

One previous study has assessed survival after preoperative PTBD: in a study of 141 patients with 
resected PHC, Hirano et al found a median OS of 31 months after preoperative PTBD compared 
to 59 months after preoperative EBD.21 The authors attributed this difference to an increase in 
peritoneal metastases after preoperative PTBD. However, the PTBD-group in that study had more 
advanced disease as evidenced by more patients with Bismuth type 4 tumours (30% vs. 14%), more 
perioperative blood transfusions (31% vs. 9%), and more frequent hepatic artery resections (22% 
vs. 9%). Although a survival difference was confirmed in multivariable analysis, the statistical model 
in that study may have been at risk to a false-positive finding due to overfitting, since it was adjusted 

 

Figure 1. Unadjusted Kaplan-Meier survival plots. (A) Patients in the PTBD group and patients in the EBD-only group had 
comparable survival (P=0.26). (B) Stratifying patients in the PTBD group between those who underwent PTBD-only and 
those who underwent PTBD plus EBD neither revealed a difference (P=0.45).

 

Figure 2. Survival plot after adjustment for propensity score in Cox regression analysis, showing similar OS in the PTBD 
and EBD-only groups (P=0.80).
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for 9 other covariates. Moreover, statistical criteria, like adjusting for all significant variables from 
univariable analysis as used in the study by Hirano et al, are considered insufficient to characterize 
confounding or selection bias.22 

Catheter tract recurrences have been reported in a range from 2 to 5% after preoperative PTBD, 6-9 
but our study found no catheter tract recurrence developing as the initial recurrence after resection. 
This discrepancy may be partly explained by the behavior of seeding metastases. Apparently, 
catheter tract recurrences, if at all, have a tendency to grow slowly and manifest not before other 
recurrences have been diagnosed. Alternatively, differences in management and patient selection 
between centers in the present study and Eastern centers could explain the discrepancy. The 
duration of PTBD has been identified as a risk factor for catheter tract recurrences: preoperative 
PTBD longer than 60 days was associated with an increased risk in the study by Takahashi et al,6 
and more than 25% of the patients in that study reached the cut-off as opposed to only 19% in the 
present study. It is unsure if preoperative low-dose radiotherapy, which was standard treatment in 
the AMC and not in MSKCC, has prevented catheter tract recurrences or other seeding metastases. 
There was no difference in the incidence of seeding metastases between the two study centers, so 
the current data does not support routine use of preoperative radiotherapy. 

Normally, PHC spreads to the liver and through lymph nodes to the abdomen or extra-abdominal 
sites.23 In analogy to previous studies, we named recurrences in the laparotomy scar or in the 
percutaneous catheter tract “seeding metastases”, because these recurrences show a deviating 
pattern from normally observed recurrences and are likely the result of tumor seeding. Nonetheless, 
clear evidence for a role of seeding tumor cells has not been demonstrated in these kinds of 
recurrences. Alternatively, local inflammation after surgical trauma might naturally attract circulating 
tumor cells.24 To a larger extent, peritoneal recurrences are doubtfully the result of tumor seeding. 
Although some peritoneal metastases may be caused by peri-operative tumor seeding, and could 
thus be preventable, most peritoneal metastases will reflect extensive disseminated disease. In the 
present study, preoperative PTBD did not increase the incidence of peritoneal recurrences.

This retrospective study has several limitations. The sample size was likely insufficient to definitively 
rule out an adverse effect of preoperative PTBD on overall survival after resection of PHC. While no 
statistically significant difference was found when comparing unadjusted OS and propensity-adjusted 
OS, the 95% confidence interval of the propensity-adjusted Hazard ratio was still relatively wide. 
However, not a single catheter tract recurrence was found during follow-up of initial recurrences, 
and the incidence of initial abdominal wall recurrences was also similar between the PTBD and 
EBD-only groups. 

The analysis of seeding metastases as initial recurrence requires three comments. Firstly, follow-
up was not standardized, so it is possible that some initial seeding metastases were missed after 
patients were lost to follow-up. Secondly, we only recorded initial recurrences, and we may have 
missed seeding metastases that occurred after initial diagnosis of recurrent disease. This follow-
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up approach may not provide the true incidence of seeding metastases, but is based on clinical 
meaningfulness: management or OS is unlikely to be affected by seeding metastases if they occur 
late in the course of the disease, after the initial diagnosis of recurrence. Thirdly, the present study 
included only patients who underwent a potentially curative resection, so patients with inoperable 
disease due to (extra)hepatic or N2 lymph node metastases were excluded. Based on these data, 
we cannot be sure if some patients may have had seeding metastases at the time of surgery. 
Nonetheless, in our experience with management of PHC, we have never observed any seeding 
metastases during exploratory laparotomy.

Regarding management of PHC, the use of preoperative drainage prior to smaller liver resections 
(e.g. left hemihepatectomy) may not be necessary because of the large liver remnant. Moreover, 
preoperative drainage could even be harmful in these patients, as a recent study showed that 
preoperative drainage might increase perioperative morbidity due to infection-related complications.25 
In the present study, preoperative drainage was often used prior to small liver resections, because 
many patients present to our centers with drains already in place or with badly placed drains that are 
associated with infection and require revision. Of note, 48 extrahepatic bile duct resections without 
liver resection were performed for Bismuth type 1 or 2 tumors during the early years of the study 
cohort. Since approximately 2000, a liver resection is part of a potentially curative resection for PHC, 
particularly for Bismuth type 2.

Preoperative PTBD for PHC is currently being used in most Western surgical specialty centers 
when EBD fails to obtain adequate preoperative biliary drainage. Some centers even prefer to use 
preoperative PTBD as primary drainage method, instead of EBD. There are multiple reasons to use 
PTBD: it has been associated with fewer preoperative complications than EBD;26 percutaneous 
catheters provide direct access to bile ducts perioperatively; and percutaneous catheters can be 
used as stents to protect hepaticojejunostomies from leaking postoperatively. No definitive data are 
currently available for any of the suggested advantages, but a randomized controlled trial is being 
conducted to assess differences in perioperative complications between EBD and PTBD.27 

In conclusion, these data suggest that PTBD can safely be used in preoperative management of 
PHC. The present study found no effect of PTBD on survival when compared to patients who 
underwent preoperative EBD, and no increase in seeding metastases that develop as initial 
recurrence. The decision to use preoperative PTBD should not be influenced by concerns about 
catheter tract recurrences: they are very rare, and probably do not impact overall survival.
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ABSTRACT
Background: Many patients selected for potential resection of perihilar cholangiocarcinoma (PHC) 
are intra-operatively diagnosed with metastatic or locally advanced disease, precluding a curative 
intent resection. The aim of this study was to identify independent predictors and develop a risk 
score.

Methods: Patients with presumed PHC who underwent exploratory laparotomy were included from 
two centers between 2000 and 2014. Multivariable logistic regression analysis was used to develop 
a preoperative risk score with independent prognostic factors. 

Results: Resection was performed in 309 of 501 included patients (61.7%); metastatic or locally 
advanced disease was found intra-operatively in 192 patients (38.3%). Five independent predictors 
were found: jaundice, suspected lymph node metastases, Bismuth type, bilateral portal vein 
involvement, and bilateral hepatic artery involvement. The derived risk score identified 4 classes with 
resectability rates of 95.1%; 68.5%; 49.7%; 15.4%, and R0 resectability rates of 84.1%; 56.2%; 
36.5%; 12.8%. The risk score had better discrimination to predict resectability than the Blumgart 
T-staging system and the Bismuth classification (area under the curve 0.75 versus 0.65 and 0.62, 
respectively). The risk score also preoperatively predicted survival after surgery: patients in class 4 
had postoperative 90-day mortality of 17.9% and a median survival of only 7 months.

Conclusions: The preoperative risk score predicts resectability, R0 resection, and survival. It can be 
useful in shared-decision making, and it will permit reliable stratification of patients for clinical trials 
investigating neo-adjuvant treatment strategies.
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) originates at or near the confluence of the hepatic bile ducts.1 
Patients treated with palliative chemotherapy have a median overall survival of only 12 months,2 
but curative-intent resection offers a median overall survival of 20 to 40 months.3 Patients without 
evidence of metastatic or locally advanced disease on cross-sectional imaging or during staging 
laparoscopy are selected for exploratory laparotomy. Approximately 60% of these patients undergo 
a curative-intent resection. However, the other 40% of patients are intra-operatively diagnosed with 
metastatic or locally advanced disease, precluding a resection.4,5 Accurate prediction of the chance 
of a resection could thus be useful to inform patients and physicians before surgery. Moreover, 
identification of borderline resectable PHC would allow investigating neo-adjuvant treatment 
strategies to improve the resectability rate.

Several preoperative staging systems are available for PHC. The Bismuth classification stems 
from 1975 and is traditionally used to describe the extent of involvement of the bile ducts, without 
addressing any other variables.6,7 The Blumgart T-staging system was designed in 1998 and 
modified in 2001, and takes into account bile duct involvement, portal vein involvement, and lobar 
atrophy.4,8,9 Nonetheless, patient characteristics and other radiologic variables may have additional 
predictive capacity.5,10 Moreover, indications for resection of PHC have gradually expanded after the 
introduction of extended resections.11,12

This study was designed to determine independent predictors of metastatic or locally advanced 
disease in patients selected for exploratory laparotomy and potential resection of PHC. The study 
includes patients from two referral centers and spans a relatively short time interval, ensuring 
homogeneity with respect to disease assessment and surgical approach. The aim was to develop a 
preoperative risk score that predicts the chance of a resection.

METHODS
Patients
Patients with presumed PHC were identified from prospective databases at Memorial Sloan 
Kettering Cancer Center (MSKCC, New York, USA) and the Academic Medical Center (AMC, 
Amsterdam, the Netherlands) between 2000 and 2014. Presumed PHC was defined as an 
apparent malignant biliary stricture originating in the common hepatic duct or in the hepatic duct 
confluence (Bismuth types 1 to 4), or in the left or right hepatic duct.13 All consecutive patients 
who underwent exploratory laparotomy for potential curative-intent resection were included in this 
study. To adhere to the concept of identifying preoperative predictors, we also included patients 
who were found to have a different diagnosis after surgery (e.g. benign disease mimicking PHC). 
Patients were selected for exploratory laparotomy if there was no evidence of metastasis and the 
tumor appeared locally resectable on preoperative imaging studies (computed tomography [CT] 
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and/or magnetic resonance cholangiography [MRCP]). Patients with definitive signs of bilateral 
hepatic artery involvement on imaging, who thus required hepatic artery reconstruction, were never 
selected for exploratory laparotomy. Staging laparoscopy was often used to diagnose peritoneal 
metastases prior to exploratory laparotomy. Nonetheless, staging laparoscopy has only a modest 
sensitivity to detect metastases (59-85%),14,15 so some metastasis remain undetected until 
exploratory laparotomy.

Exploratory laparotomy
Preoperative biliary drainage was routinely used to relieve jaundice with endoscopic drainage, 
percutaneous drainage, or both. Resections during exploratory laparotomy consisted of hilar en-
bloc resection of the extrahepatic bile ducts, combined with (extended) hemihepatectomy and 
caudate lobectomy in most patients. Portal vein reconstructions were used to obtain tumor-free 
resection margins if necessary and if technically feasible; hepatic artery reconstructions were not 
purposefully used. A resection was not performed if the patient was found to have metastatic 
or locally advanced disease. Metastatic disease was defined as Stage IV disease according 
to the 7th edition of the American Joint Committee on Cancer (AJCC) staging system, which 
considers all lymph node metastases beyond the hepatoduodenal ligament (i.e. N2 nodes) as 
distant metastases.1 Tumors were considered locally advanced if excessive vascular or biliary 
involvement precluded an R0 or R1 resection and only R2 resection was possible. Excessive 
vascular involvement was defined as the need to perform hepatic arterial reconstruction in any 
patient, or as the need to perform portal vein reconstruction in high surgical risk patients. Excessive 
biliary involvement was defined as the need of an extended resection with anticipated insufficient 
liver remnant. Involvement of critical structures was intraoperatively always confirmed with frozen 
section histology

Variable definitions
Study variables that were considered as predictor included clinical variables collected from the 
medical charts and radiologic assessments of preoperative CT and MRCP images. A blinded 
radiologists (YN) or hepatobiliary surgeon (BGK) retrospectively re-reviewed the available imaging 
studies according to the variable definitions set in this study. These definitions were based on 
established classification systems. The most important definition relates to vascular involvement, 
considering vascular structures with less than 180 circumferential degrees tumor contact as not 
involved, and vascular structures with either more than 180 circumferential degrees tumor contact or 
narrowing or occlusion due to tumor contact as involved.9,10 Jaundice was defined as a total bilirubin 
level of at least 2 mg/dL. Biliary involvement was classified according to the Bismuth classification.6,7 
Tumor size was classified as not detectable/smaller than 1cm, between 1 and 3cm, or larger than 
3 cm.10 Metastases were suspected in N1 or N2 lymph nodes if they were larger than 10 mm in 
short-axis diameter or if they had central necrosis.16 Lobar atrophy was defined as a small, often 
hypoperfused lobe with crowding of dilated intrahepatic bile ducts, and included patients who 
underwent portal vein embolization.8,17 
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Statistical analysis
A standard approach was used to develop a risk score.18 Logistic regression analysis was used to 
identify predictors of an intra-operative diagnosis of distant-metastatic or locally advanced disease. 
All study variables were first tested in univariable analysis and subsequently entered in multivariable 
analysis, which was additionally adjusted for age and sex. Subsequently, the independent predictors 
(P<0.05 in multivariable analysis) were selected into the risk score. Categories within the selected 
variables were collapsed if they had similar odds ratios. Regression coefficients of the collapsed 
predictors were then transformed into simple points to develop the risk score. Risk score quartiles 
were used to group patients into classes with increasing risk. Missing data was rare and handled 
with full-case analysis.

Finally, the performance of available Bismuth and Blumgart staging systems and the new risk score 
was evaluated. Predictive accuracy (discrimination) was assessed using area under the curve (AUC) 
analysis with 95% confidence intervals (CIs). In addition, we also assessed the performance of the 
staging systems to predict mortality and survival after surgery using Kaplan-Meier analysis. Overall 
survival was determined between the date of surgery and the date of death or last follow-up. All 
statistical analyses were performed using SPSS, version 22.

RESULTS
Patients
A total of 501 patients underwent exploratory laparotomy for a curative-intent resection during the 
study period, and these patients were included in this study (n=252 from MSKCC and n=249 from 
AMC). There were 182 females (36.3%); mean age was 64 years. Preoperative biliary drainage for 
jaundice was used in 429 patients (85.6%). Staging laparoscopy prior to laparotomy had found no 
signs of metastases in 334 patients (66.7%); the other 167 patients (33.3%) underwent no staging 
laparoscopy. Baseline characteristics of the study population are shown in Table 1.

Surgical procedures and diagnosis
A curative-intent resection was performed in 309 patients (61.7%). Extrahepatic bile duct resection 
was combined with a left (extended) hepatectomy in 120 patients (38.8%), a right (extended) 
hepatectomy in 124 patients (40.1%), a central hepatectomy in 3 patients (1.0%), a segment 
4/5 wedge resection in 9 patients (2.9%), and no hepatectomy in 53 patients (17.2%). Caudate 
resection was used in 159 of 247 patients with a major hepatectomy (64.4%). A combined 
pancreatoduodenectomy was performed in 9 patients (2.9%), and portal vein reconstruction was 
used in 49 patients (15.6%). After resection, the diagnosis of PHC was confirmed in 268 patients 
(86.7%), but the resection specimen revealed cholangiocarcinoma from the distal bile ducts in 5 
patients (1.6%), gallbladder carcinoma in 5 patients (1.6%), other malignancy in 4 patients (1.3%), 
and a benign stricture in 27 patients (8.7%). Among 282 patients with a resected malignancy, the 
definitive resection margin was tumor-negative (R0) in 220 patients (78.0%). 
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Resection was precluded in 192 patients (38.3%): 92 of these patients (47.9%) were found to have 
metastatic disease, and 100 patients (52.1%) were found to have locally advanced disease. Distant 
metastases involved N2 lymph nodes in 56 patients (29.2%), intrahepatic in 13 patients (6.8%), 
peritoneum in 10 patients (5.2%), transverse mesocolon in 1 patient (0.5%), and multiple sites in 
12 patients (6.3%). Locally advanced disease consisted of excessive vascular involvement in 62 
patients (32.3%), excessive biliary involvement in 27 patients (14.1%), and both in 11 patients (5.7%).

Multivariable analysis
Univariable and multivariable analysis of an intra-operative diagnosis of metastatic or locally 
advanced disease are shown in Table 2. Jaundice, suspected metastases in lymph nodes, the 
extent of bile duct involvement, portal vein involvement, and hepatic artery involvement were 

Table 1. Baseline characteristics of the study groups. Variables are shown as the number of patients (%), unless stated 
otherwise. 

All patients 
(n=501)

Resected 
(n=309)

Metastasis or locally 
advanced (n=192) P-value

Age, mean (SD) 64 (11) 64 (11) 65 (12) 0.58

Female 182 (36.3) 116 (37.5) 66 (34.4) 0.50

Jaundice at presentation 403 (80.4) 231 (74.8) 172 (89.6) <0.001

Preoperative biliary drainage 390 (77.8) 231 (74.8) 159 (82.8) <0.001

Portal vein embolization 12 (2.4) 10 (3.2) 2 (1.0) 0.74

Bismuth type on imaging

1

2

3A - right

3B - left

4

Left or right duct

63 (12.6)

47 (9.4)

157 (31.3)

99 (19.8)

103 (20.6)

32 (6.4)

48 (15.5)

31 (10.0)

92 (29.8)

61 (19.7)

48 (15.5)

29 (9.4)

15 (7.8)

16 (8.3)

65 (33.9)

38 (19.8)

55 (28.6)

3 (1.6)

<0.001

Preoperative staging

CT

MR

Duplex US

PET

482 (96.2)

277 (55.3)

408 (81.4)

111 (22.2)

297 (96.1)

170 (55.0)

247 (80.0)

69 (22.3)

185 (96.4)

107 (55.7)

161 (83.9)

42 (21.9)

0.49

0.94

0.63

0.95

Staging laparoscopy 334 (66.7) 182 (64.8) 130 (67.6) 0.31

Hospital

AMC

MSKCC

249 (49.7)

252 (50.3)

139 (49.5)

142 (50.5)
92 (47.9)

100 (52.1)

0.25

SD, Standard deviation; CT, computed tomography; MR, magnetic resonance; US, ultrasonography; PET, positron 
emission tomography.
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identified as independent predictors (P<0.05 in multivariable analysis). By contrast, lobar atrophy 
and contralateral hypertrophy were associated with a higher chance of resection, although not 
statistically significant. No association was found for tumor size. 

Table 2. Univariable and multivariable analysis of metastatic or locally advanced disease at exploratory laparotomy. 

Variable

Patients Univariable analysis Multivariable analysis

N (%) OR (95%CI) P-value OR (95%CI) P-value

Age per 10 years NA 1.0 (0.9-1.1) 0.57 1.2 (1.0-1.5) 0.05

Female 182 (36.3%) 1.1 (0.8-1.7) 0.47 1.1 (0.7-1.7) 0.83

Jaundice at presentation 403 (80.4%) 2.9 (1.7-4.9) <0.001 2.1 (1.1-4.0) 0.03

Suspected lymph node metastases

None

N1

N2

269 (53.7%)

180 (35.9%)

41 (8.2%)

Reference

2.6 (1.7-3.8)

2.4 (1.2-4.6)

<0.001

0.01

2.5 (1.6-3.9)

2.9 (1.3-6.6)

<0.001

0.007

Bismuth type

1

2

3A - right

3B - left

4

Left or right duct

63 (12.6%)

47 (9.4%)

157 (31.3%)

99 (19.8%)

103 (20.6%)

32 (6.4%)

Reference

1.7 (0.7-3.8)

2.3 (1.2-4.4)

2.0 (1.0-4.0)

3.7 (1.8-7.4)

0.3 (0.1-1.2)

0.24

0.02

0.06

<0.001

0.1

3.2 (1.2-9.0)

3.5 (1.5-8.3)

3.1 (1.2-7.8)

4.2 (1.7-10.5)

0.5 (0.1-2.8)

0.03

0.004

0.02

0.002

0.47

PV involvement (>180°)

None

Unilateral

Bilateral or main stem

248 (50.5%)

189 (38.5%)

54 (11.0%)

Reference

1.9 (1.3-2.9)

7.6 (3.9-14.8)

0.001

<0.001

1.5 (0.9-2.7)

7.8 (3.3-18.4)

0.15

<0.001

HA involvement (>180°)

None

Unilateral

Bilateral or main stem

309 (64.8%)

147 (30.8%)

21 (4.4%)

Reference

2.5 (1.7-3.8)

23.5 (5.4-98.9)

<0.001

<0.001

1.6 (1.0-2.6)

11.3 (2.2-58.3)

0.05

0.004

Lobar atrophy* 171 (34.1%) 1.1 (0.7-1.6) 0.64 0.6 (0.4-1.0) 0.06

Tumor size, cm

<1 cm**

1-3 cm

>3cm

58 (12.1%)

267 (55.5%)

156 (32.4%)

Reference

1.5 (0.8-2.7)

1.8 (1.0-3.5)

0.22

0.07

1.0 (0.5-2.1)

1.0 (0.5-2.3)

0.98

0.94

* Includes patients with portal vein embolization. ** Includes patients with no detectable mass on imaging.
N Number of patients in the study; OR Odds ratio; CI Confidence Interval; PV portal vein; HA hepatic artery
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Preoperative risk score
The proposed risk score is presented in Table 3. The sum of the risk score ranges between 0 and 
9 points, and 4 separate classes were identified: class 1 with 0-1 point, class 2 with 2 points, class 
3 with 3-4 points, and class 4 with ≥5 points. Predicted risks according to the risk score are shown 
in Figure 1. On the basis of this risk score, 82, 162, 189, and 39 patients were classified as class 
1, 2, 3, and 4, respectively  (29 patients could not be classified because vascular status on imaging 
(n=24) or lymph node status on imaging (n=5) was missing).

Table 3. Risk score to predict metastatic or locally advanced perihilar cholangiocarcinoma.

Variable Classes Points

Jaundice at presentation

 

No

Yes 1

Suspected lymph node metastases None

N1 or N2 lymph nodes 1 

Bile duct involvement Bismuth 1 or left or right duct

Bismuth 2, 3A, or 3B

Bismuth 4

1

2

Portal vein involvement None or unilateral 

Bilateral or main stem 2

Hepatic artery involvement None or unilateral 

Bilateral or main stem 3

Evaluation of preoperative staging systems
The Bismuth classification and Blumgart staging system were both predictive for an intra-operative 
diagnosis of metastatic or locally advanced disease and vice versa predicted resectability, as shown 
in Table 4. However, the ability to discriminate between patients at high or low risk was suboptimal 
in both systems: the AUC of the Bismuth classification was 0.62 (95% CI 0.57-0.67), and the AUC 
of the Blumgart staging system was 0.65 (95% C 0.6-0.7). The proposed new risk score achieved 
an AUC of 0.75 (95% CI 0.7-0.79). (Table 4)

Postoperative mortality
Postoperative mortality within 90-days after surgery occurred in patients who underwent a resection 
(n=32, 10.4%), as well as in patients who were intra-operatively diagnosed with metastatic or locally 
advanced disease (n=17, 8.9%). Postoperative mortality occurred in 47 out of 472 classified patients 
(10.0%), and was associated with risk score class: 4 patients in class 1 (4.9%); 13 patients in class 
2 (8.0%); 23 patients in class 3 (12.2%); 7 patients in class 4 (17.9%) (P= 0.03). Postoperative 
mortality was especially high in class 4 patients, because 3 out of 6 patients (50.0%) died after a 
resection and 4 out of 33 patients (12.1%) died after an intra-operative diagnosis of metastatic or 
locally advanced disease.
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Survival
A total of 356 patients (71.1%) died during follow-up, and the median follow-up among survivors 
was 24 months. The proposed preoperative risk classes were strongly associated with postoperative 
survival, as shown in Figure 2A (P<0.001). Median survival was 40 months in the subgroup of 
260 patients who underwent a resection of confirmed PHC. Even in this subgroup, the risk score 
remained associated with survival, as shown in Figure 2B (P<0.001).  

DISCUSSION
This study involved 501 patients with presumed PHC who were selected for exploratory laparotomy. 
A resection was performed in 62%, but resection was precluded in 38% due to occult metastasis in 
18% and locally advanced disease in 20%. Based on the independent predictors jaundice, suspected 
lymph node metastases, Bismuth type, portal vein involvement, and hepatic artery involvement, we 
developed a risk score that identified 4 separate classes. The risk score was predictive of both 
resectability and R0-resection, and had better discrimination than the Blumgart T-staging system 

 

 

 

 Figure 1. Predicted risks of occult metastatic or locally advanced perihilar Cholangiocarcinoma precluding a resection, 
according to the preoperative risk score. (A) Predicted risks according to the risk score points, and (B) predicted risks 
according to the risk score classes after grouping patients in quartiles.
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and the Bismuth classification (AUC 0.75 versus 0.65 and 0.62, respectively). Moreover, the risk 
score was able to preoperatively predict survival after surgery. 

Several staging systems are available for PHC at the time of diagnosis. The Bismuth classification 
describes the extent of biliary ductal involvement by tumor; although useful to some extent, it only 
minimally correlates with resectability in multivariable analysis.6,7 The Blumgart T-staging system 
takes into account the extent of bile duct involvement, portal vein involvement, and lobar atrophy. It 
was shown to predict metastatic disease and resectability in previous series from MSKCC, and has 
been the only available preoperative staging system for a long period.4,9 Nonetheless, indications 
for resection of PHC have gradually expanded since the introduction of extended resections.11,12 
The change is most notably observed in the number of patients with Blumgart stage T-3 tumors 
who underwent a resection, which was 0 out of 37 patients in the original series (period 1991-
2000) as opposed to 64 out of 150 patients in the present series (period 2000-2014). The most 
important disadvantage of the Blumgart T-staging system pertains to lobar atrophy. Unilateral portal 
vein involvement with lobar atrophy was assumed to be associated with locally advanced disease, 

Table 4. Resectability and R0 resectability rates according to the Bismuth classification, the Blumgart staging system, 
and the new staging system.

Total, 
N

Resected, 
N (%)

R0 resection,
N (%)

Median survival, 
months (95% CI) AUC*

Bismuth classification 0.62

   Left/right hepatic duct 32 29 (90.6) 27 (84.4) 81 (40-121)

   Type 1 63 48 (76.2) 39 (61.9) 33 (22-43)

   Type 2 4 31 (66.0) 27 (57.4) 21 (13-29)

   Type 3A 157 92 (58.6) 75 (47.8) 19 (14-24)

   Type 3B 99 61 (61.6) 48 (48.5) 19 (13-26)

   Type 4 103 48 (46.6) 32 (31.1) 15 (9-19)

Blumgart T-staging 0.65

   T1 199 148 (74.4) 122 (61.3) 26 (19-34)

   T2 149 97 (65.1) 79 (53.0) 26 (20-33)

   T3 150 64 (42.7) 47 (31.3) 13 (10-16)

New risk score 0.75

   Class 1    (0-1 points) 82 78 (95.1) 69 (84.1) 53 (37-69)

   Class 2    (2 points) 162 111 (68.5) 91 (56.2) 22 (16-28)

   Class 3    (3-4 points) 189 94 (49.7) 69 (36.5) 18 (13-22)

   Class 4    (5-9 points) 39 6 (15.4) 5 (12.8) 7   (1-13)

N Number of patients in the study 
* The area under the curve (AUC) relates to prediction of resectability
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and classified as T-2. However, the present study showed that lobar atrophy is inversely associated 
with locally advanced disease, and is nearly significantly predictive of resectability.

A recent clinical staging system from the Mayo clinics includes multiple radiologic parameters (tumor 
size, tumor multiplicity, vascular involvement, and metastases) as well as performance status and 
CA 19-9 level.19 It was shown to predict survival regardless of the treatment used, and could be 
useful especially for the design of clinical trials investigating systemic treatment or palliative care. 
However, the derivation cohort included only 82 patients who underwent exploratory laparotomy for 
a potential resection, and had only minimal discriminatory power to predict survival in this subgroup 
(AUC 0.57). This inadequacy is most likely explained by the choice of variables in the staging system. 
For example, we found that tumor size does not correlate with resectability. Moreover, the variable 
for vascular involvement, which is crucial when assessing resectability of PHC, is poorly defined in 
this staging system.

The conventional AJCC staging system is based on pathological findings.1 Although it can also be 
applied to radiological parameters at the time of diagnosis (e.g. suspected metastases on imaging), 
it was shown unable to preoperatively predict resectability or survival.19

A 

 
B 

 
 
 Figure 2. Survival according to the risk score. (A) Survival of 472 patients who underwent exploratory laparotomy 

according to the risk score classes (P<0.001). (B) Survival of 256 patients who underwent resection of confirmed 
perihilar cholangiocarcinoma according to the risk score (P=0.001). 
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There are several strengths to our study. The cohort represented a true population of patients 
undergoing surgery for presumed PHC, since patients with other disease mimicking PHC were also 
included from our databases (other malignancy 4.5%; benign disease 8.7%). Besides predicting 
an intra-operative diagnosis of metastatic or locally advanced disease and inversely predicting 
resectability, the risk score also preoperatively predicts survival after surgery. The 4 classes identified 
by the risk score adequately stratified patients for postoperative survival regardless of intra-operative 
findings or resections performed. Furthermore, a subgroup analysis showed that the risk score 
remained predictive of survival in patients who underwent a resection of confirmed PHC; possibly 
due to the higher percentage of R0 resections performed in the lower risk score classes. These 
assets of the risk score emphasize its usefulness in the design of future clinical trials that investigate 
neo-adjuvant treatment strategies. 

The rates of postoperative mortality in the risk score classes can have major clinical implications. 
Class 4 represents a very low probability of resection (15%), but a high probability of postoperative 
mortality within 90 days (19%) and a median survival of only 7 months. Therefore, the benefit of 
exploratory laparotomy is questionable in these patients: they might gain better quality of life and 
longer survival with best supportive care and palliative treatment.

We used solid definitions for variables that were considered as predictor, which were mostly based 
on a recent detailed classification system by DeOliveira et al.10 Vascular involvement has been ill 
defined in previous studies, using definitions like ‘encasement or proximity of tumor’.5,19 We chose 
to strictly classify vascular structures with more than 180 circumferential degrees tumor contact as 
involved and vascular structures with less than 180 circumferential degrees tumor contact as not 
involved. This definition provides a reproducible variable that proved useful as a predictor. 

The size of the combined cohort of two participating centers enabled us to test all predictors in 
a full multivariable analysis. Jaundice was found to be an independent predictor (OR 2.1), and 
subsequently included in the risk score. Previous studies have found no correlation between suspect 
lymph nodes on imaging and lymph node metastasis,20 but suspected lymph node metastases 
on imaging were nonetheless an independent predictor in the multivariable analysis. Suspected 
metastases in N1 nodes or N2 nodes yielded comparable risks of metastatic or locally advanced 
disease (OR 2.5 and 2.9, respectively), so these groups were collapsed in the risk score. The extent 
of bile duct involvement, as described in the Bismuth class, has been identified as a predictor of 
resectability in many studies,3 which was corroborated in the present study. Patients with Bismuth 
type 2, 3A, and 3B tumors were collapsed in the risk score, because these groups had comparable 
risks in multivariable analysis. Finally, bilateral or main stem involvement of the portal vein and 
hepatic artery were found to be strongly predictive (OR 7.8 and 11.3, respectively). Patients with 
bilateral involvement of the hepatic artery were not purposefully selected for exploratory laparotomy. 
However, some patients with bilateral hepatic artery involvement were included in the study because 
it was apparently missed during routine preoperative staging, and recovered during re-reviewing of 
the preoperative images. Bilateral portal vein involvement may be treated with portal vein resection 
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and reconstruction, and some authors have suggested routine portal vein resection.21 Nonetheless, 
portal vein resection is not always technically feasible, and it is associated with an increased surgical 
risk.22 These limitations may explain the reluctance of surgeons to perform a portal vein resection in 
some patients,  and explain the predictive capacity of bilateral portal vein involvement in multivariable 
analysis. Interestingly, unilateral involvement of the portal vein and hepatic artery were found to be 
only modest predictors (OR 1.5 and 1.6, respectively). These factors do not influence the probability 
of a resection, as they are incorporated in the resection specimen of a standard hemihepatectomy.

Limitations of this study include its retrospective study design and study period. The quality of the 
preoperative imaging studies varied substantially during the study period. Especially patients from 
the earlier years of the cohort sometimes had low quality scans, which impaired the assessment of 
vascular involvement status. We used a strictly defined variable to categorize vascular involvement, 
and all scans were re-reviewed by specialized radiologists. Nonetheless, modern scans provide 
more detail and could have potentially improved adequacy of the risk score. 

Secondly, we used the entire cohort for derivation of the staging system. This approach yielded 
a rigorous multivariable analysis and a promising staging system, but left no data for validation. 
External validation of the staging system in future studies is thus highly desirable.

Thirdly, this study could not evaluate predictors of metastasis that may be recovered during staging 
laparoscopy. An ideal staging system provides the probability of a resection at an early stage after 
diagnosis, i.e. prior to any intervention. The cohort in this study included patients who were selected 
for exploratory laparotomy after staging laparoscopy had already been performed. Therefore, future 
studies should test if the staging system also applies to patients selected for staging laparoscopy.

In conclusion, we developed a preoperative risk score that accurately predicts resectability, R0-
resection, and postoperative survival among patients with presumed PHC. It can be useful in shared-
decision making, and it will permit reliable stratification of patients for clinical trials investigating neo-
adjuvant treatment strategies.
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ABSTRACT
Background: Liver surgery for PHC is associated with postoperative mortality ranging from 5% to 
18%. The aim of this study was to assess the effect of biliary drainage of the future liver remnant 
(FLR), and to develop a risk score for postoperative mortality after liver resection for perihilar 
cholangiocarcinoma (PHC).

Methods: A consecutive series of 287 patients submitted to major liver resection for presumed 
PHC between 1997 and 2014 at two Western centers was analyzed; 228 patients (79%) 
underwent preoperative drainage for jaundice. FLR volumes were calculated with CT volumetry, 
and completeness of FLR drainage was assessed on imaging. A risk score was developed using 
multivariable logistic regression with five pre-defined variables. 

Results: Postoperative mortality at 90-days was 14%. Incomplete FLR drainage was a risk factor 
only in patients with an FLR volume below 50% (OR 2.8, 95% CI 1.1-7.5). No postoperative mortality 
was observed in 33 undrained patients with large FLR volumes above 50%, including 10 jaundiced 
patients (median bilirubin level 188 µmol/L). Age, preoperative cholangitis, FLR volume below 30%, 
and portal vein reconstruction were predictive in all patients. The mortality risk score showed good 
discrimination (AUC 0.75 after bootstrap validation), and ranking patients in tertiles identified sub-
groups with a predicted low-risk of 2%, intermediate-risk of 11%, and high-risk of 37%.

Conclusions: Preoperative drainage should be considered carefully in patients with a large FLR 
above 50%, since the risk of cholangitis and related mortality outweighs the questionable benefit of 
biliary decompression in these patients. The proposed risk score can be used for patient counseling 
and identification of modifiable risk factors. 
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is the most common biliary cancer, with an annual incidence 
of 1-2 per 100.000 persons.1 A curative intent resection is indicated in the absence of metastatic 
and locally advanced disease. Complete resection of PHC requires a combined extrahepatic bile 
duct resection and liver resection;2 however, liver resection for PHC is associated with a very high 
postoperative mortality rate, ranging from 5% to 18% in large series.3-7

Biliary obstruction from PHC has been identified as an important risk factor for postoperative 
mortality.8-10 Decompression of the future liver remnant (FLR) with biliary drainage potentially 
decreases the risk of postoperative mortality.11 However, cholangitis caused by biliary instrumentation 
and contamination in turn increases mortality.3,12 Recent studies have suggested that biliary drainage 
should be reserved for patients with small FLR volume, as stent related complications may outweigh 
the benefits of biliary decompression in subgroups with large FLR volume. Kennedy et al showed 
higher postoperative mortality when patients with FLR’s above 30% were subjected to preoperative 
drainage.13 Similarly, Farges et al found an adverse effect of preoperative drainage for left-sided 
hepatectomy (i.e. smaller volume resections).5 

The objective of this study was to estimate postoperative mortality in patients with different FLR 
volumes, and to investigate the effect of preoperative biliary drainage in these subgroups. Moreover, 
this study aimed to develop a preoperative mortality risk score to predict 90-day mortality after liver 
resection for PHC. Preoperative risk assessment is important for shared decision-making regarding 
surgical therapy, and it may enable identification of modifiable risk factors.

METHODS
Patients
This study included only patients who underwent concomitant extrahepatic bile duct resection and 
major liver resection (i.e., resection of at least 3 liver segments) for presumed PHC.  Approximately 
10% of patients are typically found to have alternative diagnoses at postoperative pathology.14,15 
These patients were included in the analyses, because information regarding the definitive pathology 
is unavailable at the time of preoperative shared decision-making. Consecutive patients, who 
underwent surgery between January 1997 and March 2014, were identified from prospective 
databases in the Academic Medical Center (AMC) in Amsterdam, the Netherlands, and the 
Memorial Sloan-Kettering Cancer Center (MSKCC) in New York, USA. Presumed PHC was defined 
as an apparent malignant biliary stricture, originating in the common hepatic duct, the hepatic duct 
confluence, or in the left or right hepatic duct.

Preoperative management and surgery
Preoperative biliary drainage was used in the majority of jaundiced patients, consisting of endoscopic 
stent placement, percutaneous transhepatic catheter placement, or both. The aim of biliary drainage 
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was complete drainage of the FLR, but stents sometimes decompressed the contra-lateral liver, 
either because they were placed before referral without consulting a hepatobiliary surgeon or 
inadvertently because endoscopic placement of prespecified liver segments can be technically 
challenging. Moreover, stents placed in the FLR did not always provide complete decompression, 
because of stent occlusion or isolated segmental bile ducts. Portal vein embolization was used since 
2006 when CT volumetry indicated an FLR less than 30%.13 Resection of the tumour was performed 
during exploratory laparotomy if no metastases were found beyond the hepatoduodenal ligament 
and if a complete, potentially curative resection was anticipated. Radical resection encompassed: 
excision of the liver hilum en bloc with (extended) hemihepatectomy, including the caudate lobe in 
most cases, excision of the portal vein bifurcation when involved, and complete lymphadenectomy 
of the hepatoduodenal ligament. 

Definitions
The primary endpoint of this study was postoperative mortality, defined as any cause of death within 
90 days of surgery.16 Postoperative liver failure was defined as grade B or higher according to the 
International Study Group of Liver Surgery (i.e. impacting clinical management).17 

Five variables were selected in the analysis because they were preoperatively available, and 
because they have been identified as risk factors in recent studies: Age,3 FLR volume,4,13 FLR 
drainage status,5,13 preoperative cholangitis,3,12 and portal vein reconstruction.6 The FLR volume 
was assessed on post-hoc volumetry in patients with adequate preoperative CT or MRI imaging 
available and based on the actual resection performed, as described previously.18,19 The total 
liver volume was retrospectively determined by semi-automated contouring of the liver on pre-
operative scans, using integrated software (Mx-View v3.52, Philips Medical Systems, at AMC, and 
ScoutTM v1.5.1.1, Pathfinder technologies, at MSKCC). Post-embolization volumes were used for 
patients undergoing preoperative portal vein embolization. This was repeated for the volume of 
the resected liver. The difference between total liver volume and resected volume was the FLR 
volume, which was subsequently categorized as small (<30%), intermediate (30-50%), or large 
(>50%); since PHC are small in size and arise from the biliary tree, tumour volume was not factored 
into these calculations. FLR drainage status was also assessed on pre-resection imaging: biliary 
dilatation in one or more segments of the FLR was considered incomplete drainage.13 Incomplete 
FLR drainage was defined as persistent biliary dilatation after stent placement or biliary dilatation in 
the FLR and jaundice with no stent placement. Preoperative cholangitis was defined as fever and 
leucocytosis requiring (additional) biliary drainage, as defined in clinical trials.20,21 Treatment with 
antibiotics alone was insufficient to diagnose cholangitis, since antibiotics are often prophylactic in 
nature or administered for other indications. The variable portal vein reconstruction was considered 
preoperatively available, because the indication for portal vein reconstruction is reliably assessable 
on preoperative CT images (sensitivity and specificity 89% and 92%, respectively).22
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Statistical analysis
Univariable and multivariable analysis consisted of logistic regression analysis, using postoperative 
mortality as outcome. Five variables were selected in the analysis as described above, as these 
variables were a priori considered risk factors. We chose this approach to limit optimism in the 
statistical model, since testing a larger set of variables would inadvertently lead to false-positive 
associations in this relatively small dataset. Based on two recent studies,5,13 we expected different 
effects of incomplete FLR drainage in subgroups with small, intermediate or large FLR volumes. 
Therefore, we included incomplete FLR drainage as an interaction-term with FLR volume in 
the model.23,24 Missing data were rare and handled with full-case analysis. We tested multiple 
imputatation as an alternative method to handle missing data,25 but the results were similar to 
full-case analysis.

A standard approach was used to develop the mortality risk score.26 The number of points assigned 
to each risk factor equalled its regression coefficient in multivariable analysis. Points were divided 
by the risk factor with the smallest absolute number of points, and rounded to the nearest whole 
number. Predicted risks were then calculated for each patient by applying total point-scores to 
the logistic regression formula. Risk score tertiles were used to categorize patients into low-risk, 
intermediate-risk, and high-risk groups. We calculated the area under the curve (AUC) and 95% 
confidence intervals (CIs) to estimate how well the model discriminated between patients with 
and without postoperative mortality. Model validation was performed using bootstrap resampling 
to quantify the overfitting of our modeling strategy and predict future performance of the model. 
Statistical analyses were performed using SPSS v22 (SPSS Inc., Chicago, IL), and R, version 2.15.3, 
software packages (http://www.r-project.org/).

RESULTS
Patients
A total of 378 patients underwent resection of presumed PHC during the study period. Of these, 
91 patients were not included because they underwent an extrahepatic bile duct resection without 
a major liver resection (90-day mortality 1%). The remaining 287 patients underwent a combined 
extrahepatic bile duct resection and major liver resection, and were included in this study (n=151 
from MSKCC and n=136 from AMC). Patient demographics and characteristics are shown in 
Table 1. There were 184 men (64%); mean age was 62 years (range 29-87 years). Final pathologic 
diagnosis confirmed PHC in 258 patients (90%), but revealed other disease in 29 patients (10%), 
consisting of intraductal papillary neoplasm of the bile duct without invasive component in 6 (2%), 
and a benign stricture in 17 patients (6%). A malignancy other than the preoperatively suspected 
PHC was found in 6 patients (2%), consisting of gallbladder carcinoma (2), hepatocellular carcinoma 
(1), neuroendocrine tumor (1), sarcoma (1), and colorectal metastasis (1). 
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Table 1. Demographics and patient characteristics.

Variable
All patients

(n=287)
No 90-day mortality 

(n=247)
90-day mortality

(n=40)

Age, mean ± SD 62.7 ± 11.1 61.9 ± 10.9 67.4 ± 10.6

Sex, male/female 184/103 (64%/36%) 151/96 (61%/39%) 33/7 (82%/18%)

Jaundice 241 (84%) 204 (83%) 39 (98%)

Preoperative drainage 228 (79%) 190 (77%) 38 (95%)

FLR drainage

Complete

Incomplete

204 (71%)

83 (29%)

179 (72%)

68 (28%)

25 (62%)

15 (38%)

Preoperative bilirubin level, 
µmol/L, median ± IQR §

18 ± 29 17 ± 29 25 ± 35

Preoperative cholangitis* 66 (24%) 49 (20%) 17 (46%)

Bismuth classification

Left or right duct

1

2

3A – right

3B – left

4

30 (11%)

11 (4%)

20 (6%)

102 (36%)

72 (25%)

52 (18%)

29 (12%)

11 (4%)

17 (7%)

82 (33%)

61 (25%)

47 (19%)

1 (3%)

0

3 (8%)

20 (50%)

11 (27%)

5 (12%)

Lobar atrophy

None

Right

Left

172 (60%)

51 (18%)

64 (22%)

146 (59%)

46 (19%)

55 (22%)

26 (65%)

5 (13%)

9 (22%)

Side of liver resection

Central

Left

Right

3 (1%)

135 (47%)

149 (52%)

3 (1%)

119 (48%)

125 (51%)

0

16 (40%)

24 (60%)

FLR volume*

Large <30%

Intermediate 30-50%

Small >50%

115 (47%)

76 (31%)

52 (21%)

105 (50%)

66 (32%)

37 (18%)

10 (29%)

10 (29%)

15 (43%)

Portal vein reconstruction 51 (18%) 40 (16%) 11 (28%)

Hospital

MSKCC

AMC

151 (53%)

136 (47%)

136 (55%)

111 (45%)

15 (38%)

25 (62%)

Data are presented as number (%), unless stated otherwise.
* The variables cholangitis and FLR volume had missing data in 8 and 44 patients, respectively.
§ To convert the values for bilirubin to milligrams per deciliter, divide by 17.1
FLR future liver remnant; SD standard deviation; IQR interquartile range
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FLR volumes
FLR volumetry was available for 243 patients (85%); six patients had undergone portal vein 
embolization. The median calculated FLR volume in all patients was 47% (range, 16-89%). Figure 
1A presents the FLR volumes comparing right- and left-sided liver resections. Most patients who 
underwent a right-sided hepatectomy had a small or intermediate FLR volume (40% and 52%, 
respectively). Most patients who underwent a left-sided hepatectomy had a large FLR volume (90%).

 

 
 

 
Figure 1. FLR volumes and associated outcomes in the patient cohort. A shows the distribution of FLR volumes among 
patients who underwent a right- or left-sided liver resection, and B shows 90-day mortality and liver failure rates according 
to the FLR volumes.

Preoperative drainage
Jaundice was observed in 241 patients (84%). Preoperative biliary drainage was used to treat 
jaundice in 228 patients (79%), which included endoscopic stent placement (n=130), percutaneous 
transhepatic catheter placement (n=27), or both (n=71). Incomplete FLR drainage was found in 
70 out of 228 patients after stent or catheter placement (31%), due to stents/catheters draining 
segments other than the FLR in 39 patients and isolated segmental bile ducts in 31 patients. Another 
13 patients with jaundice underwent no preoperative drainage, summing up to a total of 83 patients 
(29%) with incomplete FLR drainage at the time of liver resection.
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Preoperative cholangitis was observed in 66 of 228 patients (29%) after biliary stent or catheter 
placement. All patients developing cholangitis underwent revisional drainage procedures, eventually 
resulting in complete FLR drainage in 56 of the 66 patients (85%). Cholangitis was observed in 0 out 
of 58 patients without preoperative drainage.

Postoperative mortality and liver failure
Postoperative mortality was 14% (n=40); 10% (n=15) at MSKCC and 18% (n=25) at AMC. A total of 
46 patients (16%) developed postoperative liver failure with a mortality rate of 72%. Among the 40 
patients who died within 90 days, 33 (83%) had developed liver failure, which was often accompanied 
by an infectious complication (22 of 33 patients); the others died from sepsis (5), aspiration (1), and 
myocardial infarction (1). One patient had benign disease on final pathologic diagnosis.

Univariable analysis
Figure 1B shows the association between FLR volume and postoperative mortality. Univariable 
analyses are detailed in Table 2. Incomplete FLR drainage was not associated with postoperative 
mortality in the complete cohort (Odds ratio [OR] 1.6, 95% CI 0.8-3.2, P=0.2). Subgroup analysis of 
patients with different FLR volumes is shown in Figure 2. Incomplete FLR drainage was associated 
with postoperative mortality only in patients with a small or intermediate FLR (OR 2.5, 95% CI 1.1-

 

Figure 2. Breakdown of postoperative mortality according to FLR volume, showing incomplete FLR drainage as an 
adverse risk factor in patients with a small or intermediate FLR, but not in patients with a large FLR. Preoperative drainage 
was used in 100% and 97.1% in the small FLR group; in 90.5% and 78.2% in the intermediate FLR group; in 75.0% 
and 72.6% in the large FLR group (enumerating patients with incomplete and complete FLR drainage, respectively). FLR 
Future liver remnant; 90d mortality postoperative 90-day mortality.
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5.7, P=0.03). By contrast, patients with large FLR volume had comparable postoperative mortality 
with complete and incomplete FLR drainage. 

Effect of drainage in patients with large FLR
Jaundice at presentation was observed in 92 of 115 patients (80%) with large FLR, and 82 of these 
patients underwent preoperative drainage. Postoperative mortality in the drained subgroup was 
10 of 82 patients (12%), and the major determinant was preoperative cholangitis developing after 
preoperative drainage (20% vs. 8%; Figure 3). By contrast, postoperative mortality among the 10 
undrained jaundiced patients was 0%. The median bilirubin level in these patients was 188 µmol/L 
(range 52-422 µmol/L); median FLR volume was 71% (range 55-77%); 9 patients underwent left-
sided hepatectomy and 1 right-sided hepatectomy. Postoperative mortality in 23 patients with large 
FLR and no jaundice was also 0%.

Multivariable analysis
Multivariable analysis is shown in Table 2. The model consisted of 5 pre-defined variables, including 
an interaction between incomplete FLR drainage and a small or intermediate FLR volume (i.e. smaller 
than 50%). The treating hospital (AMC vs. MSKCC) was not associated with postoperative mortality 
after adjustment in multivariable analysis (OR 1.37; 95% CI, 0.60-3.15; P=0.46).

 

Figure 3. Breakdown of patients with large FLR above 50% according to jaundice, drainage, and cholangitis. FLR Future 
liver remnant; 90d mortality postoperative 90-day mortality.
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Table 2. Univariable and multivariable analysis of postoperative mortality. 

Univariable analysis Multivariable analysis

Risk factor OR 95% CI P OR 95% CI P

Age (per 10 years) 1.7 1.2-2.4 0.004 2.1 1.4-3.3 0.001

Preoperative cholangitis 3.3 1.6-6.9 0.001 4.1 1.8-9.4 0.001

FLR below 30% 3.5 1.6-7.4 0.001 2.9 1.2-6.9 0.02

Incomplete drainage 1.6 0.8-3.2 0.20 - - -

Incomplete drainage
+ FLR below 50% 2.5 1.1-5.7 0.03 2.8 1.1-7.5 0.04

Portal vein reconstruction 2.0 0.9-4.3 0.09 2.3 0.9-5.8 0.09

Table 4. Risks predicted by the mortality risk score.

Group Point total N Predicted risk of postoperative mortality 

Low-risk 0

1

2

4

23

45

1%

1%

3%

Intermediate-risk 3

4

60

55

6%

14%

High-risk 5

6

7

8

9

34

16

5

1

0

28%

47%

67%

82%

NA

N represents the number of patients in the study for each point score; 44 patients were not classified because the FLR 
volume was missing. NA not applicable.

Table 3. Developed mortality risk score for postoperative mortality. 

Risk factor Points

Age   <45

45-54

55-64

65-74

≥75

0

1

2

3

4

Preoperative cholangitis 2

FLR below 30% 1

Incomplete drainage + FLR below 50% 1

Portal vein reconstruction 1
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Mortality risk score
The derived preoperative risk score to predict postoperative mortality yielded a total score ranging 
from 0-9. (Table 3) Predicted risks for each point score are presented in Table 4. The predicted risk 
was 2% in the low-risk tertile (0-2 points); 11% in the intermediate-risk tertile (3 or 4 points); and 37% 
in the high-risk tertile (≥5 points). 

Model performance
Predictive accuracy (discrimination) of the mortality risk score was measured by calculating the AUC, 
which was 0.79 (95% CI 0.71-0.87). Bootstrap validation of the model revealed minimal evidence 
of model overfit: the AUC after bootstrap validation was 0.75. Predictive accuracy remained good 
after categorizing patients into low-risk, intermediate-risk, and high-risk groups (AUC, 0.76, 95% CI 
0.68-0.84). 

DISCUSSION
This study identified FLR volume as an important determinant of postoperative mortality after major 
liver resection for PHC. Not only did the FLR volume independently predict postoperative mortality, 
it was also shown to interact with biliary drainage status. Incomplete drainage of the FLR was a risk 
factor only in patients with a small or intermediate FLR below 50%, but not in patients with a large 
FLR above 50%. A mortality risk score based on the analysis had good predictive accuracy.

Preoperative biliary drainage has long been a topic of debate for both perihilar and distal biliary 
obstruction. It is used as standard treatment in many centers, since it has been shown to improve 
liver function and regeneration capacity.11 Also, patients are often referred to specialty centers 
with drains already in place. Nonetheless, preoperative biliary drainage has a high morbidity rate, 
which was exemplified by a Dutch multi-center trial that showed an increased rate of perioperative 
complications after preoperative drainage for cancer of the pancreatic head.20 In patients with PHC, 
a recent French multi-center study found that preoperative drainage was beneficial for right-sided 
hepatectomy but not for left-sided hepatectomy. Preoperative drainage for left-sided hepatectomy 
was associated with increased postoperative mortality, presumably because drainage-related 
complications outweighed the benefits of biliary decompression in this subgroup.5 This difference 
in outcomes was attributed to a smaller parenchymal sacrifice after left- compared to right-sided 
hepatectomy. However, the side of liver resection in PHC is an inaccurate surrogate for the resected 
volume because atrophy of the tumor-involved liver with contralateral hypertrophy of the FLR is 
common. Moreover, extended resections are not considered when right- and left-sided resections 
are compared. Using volumetry to accurately determine resected and remnant liver volumes, we 
showed that 10% of patients submitted to left-sided liver resections had a liver remnant below 50%. 
Furthermore, 9% of patients submitted to right-sided liver resections had a hypertrophic large liver 
remnant above 50%. We analyzed the effect of drainage on postoperative mortality in our combined 
two-center cohort of patients who mostly underwent preoperative drainage if they presented with 
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jaundice. After categorizing patients according to FLR volume, we found that incomplete drainage 
of the FLR (i.e. persistent biliary dilatation on imaging) was a risk factor in patients with a small or 
intermediate FLR volume below 50%. By contrast, incomplete FLR drainage was not an adverse 
factor in patients with a large FLR volume above 50%. The risk of 90-day mortality in patients with a 
large FLR was rather determined by preoperative cholangitis developing after preoperative drainage. 
No postoperative mortality was observed in 33 undrained patients with large FLR volumes, including 
10 jaundiced patients.

The postoperative mortality risk score included five pre-defined variables: age, preoperative 
cholangitis, portal vein reconstruction, small FLR below 30%, as well as an interaction term 
for incomplete drainage in patients with a small or intermediate FLR volume below 50%. The 
preoperatively applicable risk score resulted in similar-sized groups with a low risk, intermediate 
risk, and high risk for postoperative mortality, and the risk score showed good discrimination. This 
is the first risk score reported for patients submitted to liver resection for presumed PHC. Patients 
with five or more points in the risk score have a high risk of postoperative mortality that may be 
considered unacceptable. Risk evaluation can provide accurate counselling to patients as part 
of shared decision-making, and there is evidence that openly addressing the risk of a procedure 
increases patient safety.27 A major strength of the risk score is that it allows preoperative modification 
of risk factors with the potential to reduce the risk of postoperative mortality. Modifiable risk factors 
in the score include FLR volume, FLR drainage status, and preoperative cholangitis.

FLR volumetry may be used to guide decision-making for biliary drainage and portal-vein 
embolization, since volumes often vary due to atrophy of the tumor-involved liver and contralateral 
hypertrophy. Volume enhancement with portal vein embolization is recommended in patients with 
FLR volume below 30%,28-30 which was accordingly used in the present study in most patients 
after 2006 but not before 2006. Patients with jaundice and FLR volume below 50% benefit from 
preoperative drainage of the FLR segments; for these patients the risk of an undrained small FLR is 
more important than the risk of preoperative cholangitis.

Cholangitis developing after preoperative drainage is strongly associated with postoperative mortality 
and should be avoided or resolved prior to surgery. It is less often reported in patients who are 
drained percutaneously (~10%) rather than endoscopically (40-60%),31,32 but this difference remains 
to be confirmed in a randomized controlled trial that is currently underway.21 The present study 
suggests that preoperative drainage should be avoided in patients with a large FLR above 50%. 
Preoperative drainage carries a risk of cholangitis and related mortality, while biliary decompression 
has shown no benefit because, in these patients, the FLR is large enough to regenerate sufficiently.

The observed 14% all cause postoperative 90-day mortality rate is comparable to other large 
Western series of liver resection for PHC. The French multicenter study reported a 90-day mortality 
of 11% in 366 patients.5 A recent Italian multicenter study reported 10% in 376 patients, although it 
was not specified whether this was in-hospital, 30-day, or 90-day mortality.4 Another study included 
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224 patients who underwent liver resection from centers in Europe and USA, and reported a 90-
day mortality of 16%.6 Especially Asian centers published lower rates of postoperative mortality. 
For example, a Japanese group reported a 90-day postoperative mortality of 5% in 574 patients.3 
Several centers reported higher postoperative mortality rates up to 18%.7,33 The actual range may 
be even wider due to publication bias. The difference in postoperative mortality of 10% to 18% 
between the two centers in the present study is within this range. Although the absolute difference 
is substantial, multivariable analysis failed to demonstrate an independent significant association 
between treating center and 90-day postoperative mortality.

This retrospective study has several limitations. Firstly, a low number of events was associated with 
statistical uncertainty in multivariable analysis, as reflected by the relatively wide confidence intervals. 
To reduce the risk of overfitting and optimism in the model, we restricted the multivariable analysis 
to five pre-defined risk factors, which were selected based on prior evidence from the literature. 
Alternative methods that are able to evaluate more candidate predictors, such as backward 
selection procedures or shrinkage techniques, require datasets with a larger number of events 
(e.g. at least 10 events per considered variable). Although a larger study population would allow 
for more definitive conclusions, the present report combines the two largest published Western 
series. Secondly, the risk score was not externally validated, which would be highly desirable. The 
combined dataset of the two centers did not suffice to use one center for derivation and the other 
for validation of the risk score. Other large series typically lack patient-level liver volume data. Thirdly, 
other described risk factors for postoperative mortality, such as intra-operative blood loss and blood 
transfusion,3,4 could have further improved the mortality risk score. These factors, however, were 
intentionally excluded because they are not available preoperatively. Fourthly, completeness of FLR 
drainage was classified by assessing biliary dilatation on imaging. As an alternative, bilirubin levels 
have often been used in previous studies as a measure of biliary obstruction, but bilirubin levels may 
not be sensitive to (partial) obstruction in the FLR when stents drain the contralateral resection liver. 
Finally, some included patients were shown to have other disease than PHC at final postoperative 
pathology. Nonetheless, these patients were intentionally included in the analysis, as they were 
suspected to have PHC at preoperative staging. This perspective is important, since about 80% 
of patients undergo surgery without preoperative proof of malignancy,34 and about 10% have a 
different diagnosis at final postoperative pathology.14,15

In conclusion, the proposed risk score may be used for shared decision-making regarding the 
benefits and harm of surgery. FLR volume, FLR drainage status, and preoperative cholangitis are to 
some extent modifiable risk factors. Portal vein embolization is recommended if the FLR is below 
30%. Complete preoperative drainage of the FLR segments is associated with lower postoperative 
mortality in patients with an FLR volume below 50%. By contrast, resection in patients without 
preoperative drainage in the presence of an FLR volume above 50% may reduce postoperative 
mortality; for these patients the risk of cholangitis developing after drainage outweighs the 
questionable benefit of biliary decompression.
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ABSTRACT
Background and objective: Liver surgery for perihilar cholangiocarcinoma (PHC) is associated 
with high rates of morbidity and mortality. This study investigated the impact of low skeletal muscle 
mass on short- and longterm outcomes following hepatectomy for PHC.

Methods: Patients included underwent liver surgery for PHC between 1998 and 2013. Total skeletal 
muscle mass was measured at the level of the third lumbar vertebra using available preoperative 
computed tomography images. Sex-specific cut-offs for low skeletal muscle mass were determined 
by optimal stratification.

Results: In 100 patients, low skeletal muscle mass was present in 42 (42.0%) subjects. The rate of 
postoperative complications (Clavien–Dindo Grade III and higher) was greater in patients with low 
skeletal muscle mass (66.7% versus 48.3%; multivariable adjusted P = 0.070). Incidences of sepsis 
(28.6% versus 5.2%) and liver failure (35.7% versus 15.5%) were increased in patients with low 
skeletal muscle mass. In addition, 90-day mortality was associated with low skeletal muscle mass in 
univariable analysis (28.6% versus 8.6%; P = 0.009). Median overall survival was shorter in patients 
with low muscle mass (22.8 months versus 47.5 months; P = 0.014). On multivariable analysis, low 
skeletal muscle mass remained a significant prognostic factor (hazard ratio 2.02; P = 0.020).

Conclusions: Low skeletal muscle mass has a negative impact on postoperative mortality and 
overall survival following resection of PHC and should therefore be considered in preoperative risk 
assessment.
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INTRODUCTION
Low skeletal muscle mass has been associated with worse outcomes following surgery for 
malignancies of gastrointestinal origin.1-5 It has been shown to affect postoperative morbidity and 
mortality in patients with colorectal liver metastases,3 hepatocellular carcinoma6 and colorectal 
cancer4 as well as long-term survival following resection of hepatocellular carcinoma,1,6 pancreatic 
cancer2 and colorectal liver metastases.5 In these studies, low or high body mass index was not a 
risk factor for poor outcomes. These results suggest that lower skeletal muscle mass might reflect 
frailty and may be a highly relevant risk factor in preoperative risk assessment. Measurement of the 
total skeletal muscle area at the third lumbar vertebra on computed tomography (CT) images has 
widely been accepted as a standard tool to determine whole body skeletal muscle mass in the 
preoperative workup.7-9

Perihilar cholangiocarcinoma (PHC) is a biliary tumor located at the liver hilum, which typically 
requires a combined extrahepatic bile duct and liver resection in case of resectable disease. Several 
studies have shown that an aggressive surgical approach has improved the R0 resection rate 
and survival.10,11 However, liver resection in PHC is associated with high risks of morbidity and 
mortality, as reported up to 68% and 14%, respectively.10-13 Identification of potentially reversible risk 
factors might allow us to modify these risks preoperatively. The aim of this study was to investigate 
the impact of low skeletal muscle mass on postoperative morbidity, mortality and overall survival 
following resection of PHC.

METHODS
Data were retrospectively collected from a database including all patients submitted to exploratory 
laparotomy for PHC between 1998 and 2013 in a single institution (Academic Medical Centre, 
Amsterdam). Inclusion criteria required patients to have undergone curative-intent major hepatectomy 
and necessitated the availability of adequate preoperative CT images of the abdomen. The latter are 
necessary for skeletal muscle mass measurement. Study variables included patient characteristics, 
laboratory results, tumor characteristics (Bismuth–Corlette classification and histopathological 
information), details of surgery, complications, and overall survival and recurrence data.

Preoperative measurement of skeletal muscle mass
In all patients, CT scans selected for analysis were performed after adequate preoperative biliary 
drainage (if indicated) was achieved as part of the routine preoperative workup. Cross-sectional 
skeletal muscle surface (cm2) assessment was assessed at the level of the third lumbar vertebra 
(L3) on two consecutive axial slices with visible vertebral spine, as previously described.14 Plain 
images were selected by an experienced staff radiologist (CYN) and measurements were performed 
using OsiriX version 5.8 (32-bit; http://www.osirix-viewer.com) by one of the authors (RJSC. Using a 
Hounsfield units (HU) range of -30HU to +110HU to distinguish skeletal muscle tissue, measurements 
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of the psoas, paraspinal, transverse abdominal, internal and external oblique and rectus abdominis 
muscles were obtained (Figure 1). Obtained cross-sectional areas of the two L3 levels were then 
averaged and corrected for height to calculate the L3 muscle index expressed in cm2/m2. A previous 
study has demonstrated a very good inter-observer variability.4

Weight loss was calculated by subtracting the patient’s weight at the time of diagnosis from his or 
her reported weight prior to illness. The presence of weight loss was then defined as a >2% loss 
from pre-illness self-reported stable weight.7 

 

Figure 1. Computed tomography scans at the third lumbar vertebra level of a male patient with normal skeletal muscle 
mass (left, L3 muscle index 60.04 cm2/m2) and low muscle mass (right, L3 muscle index 39.19 cm2/m2). Skeletal muscle 
area highlighted in red. 1, rectus abdominis; 2, external oblique; 3, internal oblique; 4, transverse abdominal; 5, psoas; 
6, paraspinal.

Surgical procedures
Prior to surgery, patients underwent endoscopic biliary drainage and/or percutaneous drainage 
when indicated because of jaundice and dilatation of the bile ducts in the future remnant liver. 
Preoperative liver function was assessed with CT volumetry and 99mTc-mebrofenin hepatobiliary 
scintigraphy.15 Patients underwent radical resection of the tumor encompassing hilar resection 
with en bloc (extended) hemi-hepatectomy including the caudate lobe, excision of the portal vein 
bifurcation when involved and complete lymphadenectomy of the hepatoduodenal ligament in the 
majority of cases. For biliary reconstruction, end-to-side anastomoses of the segmental ducts and a 
Roux-en-Y jejunal loop were constructed.10 Resections were performed by two staff surgeons with 
extensive hepatobiliary expertise.

Definitions of complications
Postoperative morbidity was defined as any severe complication (i.e. Clavien-Dindo Grade III or 
higher)16 within 30 days after surgery. Overall complications were further stratified into postoperative 
haemorrhage, anastomotic leakage, intra-abdominal abscess or fluid collections, and acute liver 
failure, using previously described definitions. 
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Haemorrhage was defined as a drop in haemoglobin level of >3 g/dl after the end of surgery compared 
with the postoperative baseline level and/or any postoperative transfusion of packed red blood cells 
for a falling haemoglobin level and/or the need for invasive re-intervention (e.g. embolization or re-
laparotomy) to stop bleeding.17 Anastomotic leakage was defined as fluid with an increased bilirubin 
concentration in the abdominal drain (three times greater than serum bilirubin concentration) on or 
after postoperative day (PoD) 3 or the need for radiologic intervention because of contrast leakage 
during percutaneous transhepatic cholangiography (in the event of hepaticojejunostomy leakage)18 
or a defect of the intestinal wall at the anastomotic site leading to a communication between the 
intra- and extraluminal compartments (in the event of enteroenterostomy leakage).19 Sepsis was 
defined as the presence (probable or documented) of infection together with systemic manifestations 
of infection.20  Intra-abdominal abscess or fluid collection were defined as the collection of pus 
or infected fluid inside the abdomen diagnosed by CT and treated by percutaneous drainage or 
surgery. Acute liver failure was defined as an increasing international normalized ratio (INR) value 
(or need of clotting factors to maintain normal INR) and increasing plasma bilirubin level on or after 
PoD 5, impacting clinical management [International Study Group of Liver Surgery (ISGLS) grade B 
or higher].21 Postoperative mortality was defined as death within 90 days after surgery or within the 
same hospital admission.

Follow-up
No adjuvant chemotherapy was administered after initial curative resection. Clinical follow-up was 
performed routinely every 3 months in the first year after surgery and every 6 months throughout the 
following 5 years. Laboratory tests and follow-up CT scans were performed in the first 6 months to 
detect early recurrence and later as indicated. The overall survival status of patients discharged from 
further follow-up was examined by checking the municipal records database.

Statistical analysis
The variable of skeletal muscle mass was dichotomized using optimal stratification to allow for risk 
classification and the clinical interpretation of effect measures. Optimal stratification is the preferred 
method for dichotomizing continuous variables, as tertiles, quartiles and means lack sufficient 
sensitivity to allow the assessment of a variable’s true prognostic value.22 Optimal stratification is a 
statistical method similar to receiver operator curve analysis and is able to find the most significant 
cut-off for a continuous variable with respect to survival, based on log rank statistics.22 Sex-specific 
cut-offs were determined for the L3 muscle index, and these cut-offs were subsequently used 
to categorize patients into low skeletal muscle mass and normal skeletal muscle mass groups. 
Univariable analyses for overall morbidity and mortality consisted of Pearson’s chi-squared test or 
Fisher’s exact test for categorical variables, and the unpaired t-test or Mann–Whitney U-test for 
continuous variables. Overall survival, defined as the number of days of survival after hepatectomy, 
was analysed in univariable analysis using a Kaplan–Meier survival plot, and compared using the 
log rank test. To further assess the effect of low skeletal muscle mass, multivariable analysis was 
performed for postoperative morbidity (logistic regression) and overall survival (Cox proportional 
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hazards model). Multivariable analysis for postoperative morbidity was used to adjust for known 
predictors, which were age, preoperative bilirubin level, hepatectomy side and perioperative blood 
transfusion.23,24. Multivariable analysis for overall survival was used to adjust for age, sex, American 
Society of Anesthesiologists (ASA) class and known predictors (resection margin status, lymph 
node status, tumor differentiation and postoperative morbidity).11,25 In addition, backward variable 
selection was performed on the full model based on variables with a P-value of <0.05 (variable 
selection model). Because of the estimated low number of events (<10 events per variable), a 
multivariable analysis of postoperative mortality was not considered feasible.26 Statistical analysis 
was performed using R Version 3.0.3 (R Foundation for Statistical Computing, Vienna, Austria), and 
IBM SPSS Statistics for Windows Version 20.0 (IBM Corp., Armonk, NY, USA). Two-tailed P-values 
of <0.05 were considered to indicate statistical significance.

RESULTS
A total of 129 patients were identified as having undergone major hepatectomy for PHC during the 
study period. In 29 patients (22.5%) no adequate preoperative staging CT scan for

skeletal muscle mass assessment was available in the radiology information system. In this group of 
patients, the abdomen had not been scanned through the L3 level, CT scans could not be retrieved 
from the system or staging had been performed using other imaging modalities such as magnetic 
resonance imaging. These cases were therefore excluded from further analysis (Table S1, available 
online at the publishers’ website). Of the 100 remaining patients, 64 (64.0%) were male and 36 
(36.0%) were female. Mean ± standard deviation (SD) L3 muscle indices were 47.65 ± 6.38 cm2/m2 
in males and 40.74 ± 6.49 cm2/m2 in females (P < 0.001).

Low and normal skeletal muscle mass groups
Sex-specific cut-off values for L3 muscle mass indices were determined at 46.8 cm2/m2 for males 
and 39.1 cm2/m2 for females. Using these cut-offs, 42 patients (42.0%) were identified as having low 
skeletal muscle mass. The time interval between muscle mass measurements on CT and surgery 
did not differ between the low and normal skeletal muscle mass groups (median: 39 days versus 
42 days; P = 0.610). The clinicopathological characteristics of patients in both groups are listed 
in Table 1. Lower BMI was observed in patients with low skeletal muscle mass. The majority of 
patients with low muscle mass were of normal weight. Only four of 42 (9.5%) patients with low 
muscle mass were defined as cachectic and none of the patients with normal muscle mass fulfilled 
these criteria.7 Seventeen patients in the cohort (17.0%) were identified as overweight or obese (BMI 
≥25 kg/m2) and as having low muscle mass. Other preoperative patient characteristics did not differ 
between patients with, respectively, low and normal skeletal muscle mass. Furthermore, there were 
no significant differences between the groups in prognostic tumor-related factors.
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Table 1. Comparison of clinicopathological characteristics in the low skeletal muscle and normal skeletal muscle mass 
group, using cut-off values obtained by optimal stratification.

Normal skeletal 
muscle mass (n = 58)

Low skeletal muscle 
mass (n = 42)

P-value

Age, years, mean ± SD 62 ± 9 61 ± 11 0.520a

Sex ratio, M:F, n:n 36:22 28:14 0.636

BMI, kg/m2, mean ± SD 26 ± 3 24 ± 3 0.001a

Weight loss, n (%) 36 (62.1%) 23 (54.8%) 0.463

Jaundice, n (%) 39 (67.2%) 31 (73.8%) 0.367

Diabetes, n (%) 6 (10.3%) 4 (9.5%) 0.893

CA19-9, kU/L, median (range) 176 (1-1363) 98 (16-482) 0.424b

Albumin, g/L, mean ± SD 39 ± 5 37 ± 6 0.081a

CRP, mg/L, median (range) 11 (2-269) 17 (1-300) 0.276b

Haemoglobin, mmol/L, mean ± SD 8.2 ± 0.9 8.0 ± 0.9 0.228a

Total bilirubin, µmol/L, median (range) 10 (4-48) 18 (4-57) 0.069b

Platelet count, x 109/L, mean ± SD 321 ± 105 325 ± 96 0.864a

Preoperative cholangitis, n (%) 20 (34.5%) 20 (50%) 0.125

Tumor size, cm, median (range) 2.6 (0.9-12.5) 2.6 (1.3-7.0) 0.978b

Tumor classification, n (%)

Bismuth 1

Bismuth 2

Bismuth 3a

Bismuth 3b

Bismuth 4

Left or right hepatic duct

1 (1.7%)

4 (6.9%)

19 (32.8%)

14 (24.1%)

12 (20.7%)

8 (13.8%)

0

2 (4.8%)

18 (42.9%)

9 (21.4%)

9 (21.4%)

4 (9.5%)

0.844

ASA, n (%)

0-2

3, 4

51 (87.9%)

7 (12.1%)

36 (85.7%)

6 (14.3%)

0.745

Left:right (extended) hemi-hepatectomy ratio (L:R)c, n:n 28:29 20:21 0.973

TNM stage, n (%)

0-II

III, IV

24 (41.4%)

34 (58.6%)

19 (45.2%)

23 (54.8%)

0.700

N1 status, n (%) 13 (22.4%) 12 (28.6%) 0.483

R0 resection, n (%) 40 (69.0%) 32 (76.2%) 0.427

Perineural invasion, n (%) 43 (74.1%) 29 (69.0%) 0.666

Moderate/poor differentiation, n (%) 38 (65.5%) 29 (69.0%) 0.845

Papillary tumor type, n (%) 6 (10.3%) 4 (9.5%) 0.893
aUnpaired t-test; bMann–Whitney U-test; cOne patient in the normal muscle mass group and one in the low muscle 
mass group underwent a central resection. Statistical tests were performed using the chi-squared test or Fisher’s exact 
test or as indicated otherwise. ASA American Society of Anesthesiologists; BMI body mass index; CA 19-9 cancer 
antigen 19-9; CRP C-reactive protein; N1 positive lymph node; R0 negative margin; SD standard deviation; TNM 
tumor–node–metastasis (stage defined by 7th edition of American Joint Committee on Cancer).



104

CHAPTER 6

Postoperative morbidity
Overall complications (Clavien–Dindo Grade III and higher) in the 30-day postoperative period or 
during the hospital stay showed a trend towards a higher incidence in patients with low skeletal 
muscle mass (n = 28, 66.7%) compared with patients with normal muscle mass (n = 28, 48.3%) 
(P = 0.067). An overview of postoperative complications is shown in Table 2. Incidences of sepsis 
(or septic shock) and liver failure (ISGLS grade B or higher) differed between the patient groups. A 
total of 15 patients developed sepsis (or septic shock) in the postoperative period; these included 
three patients (5.2%) in the normal muscle mass group and 12 patients (28.6%) in the low muscle 
mass group (P = 0.002). Twenty-four patients developed liver failure (ISGLS grade B or higher), 
including nine patients (15.5%) in the normal skeletal muscle mass group and 15 (35.7%) in the low 
muscle mass group (P = 0.020). On multivariable analysis, low skeletal muscle mass showed an 
association with postoperative morbidity of borderline significance (P = 0.070) (Table 3). Because 
of the low number of events, multivariable analysis for the risk factors of sepsis and liver failure was 
not considered to be feasible.

Table 2. Postoperative complications (Clavien–Dindo Grade III and higher) in the low and normal skeletal muscle mass 
groups

Normal skeletal muscle 
mass (n = 58)

Low skeletal muscle 
mass (n = 42)

P-value

Any complication Clavien-Dindo III+ 28 (48.3) 28 (66.7) 0.067

Sepsis 3 (5.2) 12 (28.6) 0.002

Acute liver failure (ISGLS grade B+) 9 (15.5) 15 (35.7) 0.020

Hemorrhage 6 (10.3) 2 (4.8) 0.462

Anastomotic leakage 11 (19.0) 8 (19.0) 0.992

Abscess/fluid collection 13 (22.4) 12 (28.6) 0.483

Statistical tests were performed using the chi-squared test or Fisher’s exact test.
ISGLS, International Study group of Liver Surgery.

Postoperative mortality
Seventeen patients (17.0%) in the selected cohort died within the 90-day postoperative period 
or during the index hospital stay. Ninety-day postoperative mortality was higher among patients 
with low skeletal muscle mass (28.6% versus 8.6%; P = 0.009). Other factors associated with 
postoperative death in univariable analysis were age of >65 years (P = 0.022) and perioperative 
blood transfusion (P < 0.001) (Table 4). Because of the low number of events, multivariable analysis 
was not considered possible. Among patients with low muscle mass, those who died within the 
90-day postoperative period were older (median age: 67 years versus 61 years; P = 0.029) and had 
higher rates of preoperative cholangitis (83.3% versus 35.7%; P = 0.014) and perioperative blood 
transfusion (100% versus 63.3%; P = 0.018). Further, a trend towards more extended hepatectomies 
(66.7% versus 37.7%; P = 0.098) was noted in these patients.
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Table 3. Univariable and multivariable analysis for risk factors of postoperative morbidity 

Univariable analysis Multivariable analysis

Morbidity rate, n (%) P-value OR (95% CI) P-value

Low skeletal muscle mass 

  No

  Yes

28/58 (48.3)

28/42 (66.7)

0.067 1 (reference)

2.36 [0.93-5.96]

0.070

Age N/A 1.01 [0.97-1.06] 0.592

Preoperative bilirubin N/A 1.00 [0.97-1.06] 0.978

Hepatectomy sidea

  Left

  Right

25/48 (52.1)

29/50 (58.0)

0.556

1 (reference)

0.720

Perioperative blood transfusion

  No

  Yes

16/38 (42.1)

40/62 (64.5)

0.028 1 (reference)

2.70 [0.96-7.62]

0.061

aTwo patients underwent a central liver resection. 95% CI 95% confidence interval; N/A not applicable; OR odds ratio.

Table 4. Univariable analysis for risk factors of 90-day/in-hospital mortality 

Mortality, n (%) P-value

Low skeletal muscle mass

  No

  Yes

5/58 (8.6)

12/42 (28.6)

0.009

Age>65

  No

  Yes

6/60 (10.0)

11/40 (27.5)

0.022

ASA

  0-2

  3-4

14/87 (16.1)

3/13 (23.1)

0.532

Hepatectomy side

  Left

  Right

5/48 (10.4)

12/50 (24.0)

0.076

Extended hemihepatectomya

  No

  Yes

6/48 (12.5)

11/52 (21.2)

0.250

Perioperative blood transfusion

  No

  Yes

0/38

16/62 (25.8)

<0.001

aTwo patients underwent a central liver resection. ASA American Society of Anesthesiologists.



106

CHAPTER 6

Survival
Median follow-up among patients who were alive at follow-up was 28 months (range: 2–122 months). 
The median overall survival of the total cohort was 36.7 months. Overall survival was shorter in the 
low skeletal muscle mass group in univariable analysis (22.8 months versus 47.5 months; P = 
0.014) (Figure 2). Corresponding estimated 5-year survival rates in the low and normal skeletal 
muscle mass groups were 20.3% and 36.2%, respectively. Disease recurrence was noted in 34 
patients (34.0%). Median disease-free survival did not differ between patients with, respectively, low 
and normal skeletal muscle mass (43.3 months versus 39.8 months; P = 0.748). After adjustment 
for potential and known predictors of survival in multivariable analysis, low skeletal muscle mass 
remained independently associated with poor overall survival [adjusted hazard ratio (HR) 2.02, 95% 
confidence interval (CI) 1.12–3.65; P = 0.020] (Table 5). When postoperative deaths were excluded, 
low muscle mass was still an independent predictor of worse survival (HR 2.02, 95% CI 1.04–3.92; 
P = 0.037). The combination of low muscle mass and overweight/obesity was not independently 
associated with poor survival.

 
Figure 2. Overall survival after resection of perihilar carcinoma in patients with low (n = 42) and normal (n = 58) skeletal 
muscle mass.

DISCUSSION
The present study shows that low skeletal muscle mass as defined by our cholangiocarcinoma-
specific cut-off, was present in 42% of patients with resectable PHC. Low skeletal muscle mass 
was associated with postoperative sepsis and liver failure, 90-day mortality and overall survival after 
major liver resection.
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Low skeletal muscle mass has been recognized as a predictor of postoperative morbidity and 
mortality in liver transplantation, as well as in several other gastrointestinal cancers, including 
hepatocellular carcinoma,1,6 colorectal liver metastases3,5 and pancreatic carcinoma,2 Previous 
studies related low muscle mass to an increased rate of postoperative infectious complications, 
including sepsis and wound infections.27-29 Reisinger et al. assessed the combined effect of low 
skeletal muscle mass and a lower nutritional and frailty status, and confirmed an associated risk for 
sepsis.4 High expression of pro-inflammatory cytokines [e.g. interleukin-1β (IL-1β) and IL-6] in low 
skeletal muscle mass and cancer cachexia may induce this pro-inflammatory state and may increase 
the risk for infectious complications.30 Septic complications are of particular relevance in patients 
with PHC, as concomitant biliary obstruction predisposes patients to cholangitis and secondary 
infections. Similarly to studies in colorectal cancer and liver transplantation for benign disease, the 
present authors observed a higher rate of septic complications (28.6% in patients with low muscle 
mass versus 5.2% in patients with normal muscle mass) after liver resection for PHC. An association 
between lower muscle mass and infectious complications was further suggested by a higher rate 
of preoperative cholangitis of borderline significance. Nonetheless, the temporal sequence of this 
association remains uncertain: cholangitis may have caused muscle wasting, or patients with 
lower muscle mass may be at higher risk for preoperative cholangitis. Furthermore, a higher rate 
of postoperative liver failure was observed in the low muscle mass group (35.7% versus 15.5%). 
Overall, skeletal muscle mass showed an association with morbidity of only borderline significance, 

Table 5. Univariable and multivariable analysis of clinicopathological factors and overall survival

Univariable analysis Multivariable analysis

Full modela Variable selectionb

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age 1.00 [0.97-1.03] 0.870 1.00 [0.97-1.03] 0.771 - -

Male sex 1.70 [0.97-2.98] 0.065 1.41 [0.76-2.63] 0.281 - -

ASA 0.94 [0.58-1.50] 0.783 0.98 [0.55-1.73] 0.933 - -

Low skeletal muscle 
mass

1.90 [1.13-3.19] 0.015 2.02 [1.12-3.65] 0.020 2.01 [1.14-3.54] 0.016

R1 status 1.89 [1.07-3.33] 0.028 1.88 [0.96-3.67] 0.064 2.06 [1.08-3.91] 0.028

N1 status 1.82 [1.03-3.22] 0.040 1.77 [0.95-3.30] 0.072 1.83 [0.99-3.39] 0.056

Moderate/poor 
differentiation

2.08 [1.03-4.20] 0.041 2.43 [1.20-4.93] 0.014 2.40 [1.19-4.84] 0.015

Postop complications 1.70 [1.00-2.87] 0.049 1.47 [0.78-2.78] 0.234 1.42 [0.77-2.62] 0.261
aCox proportional hazards regression analysis for all factors.
bCox proportional hazards regression analysis after backward variable selection.
95% CI, 95% confidence interval; ASA, American Society of Anesthesiologists; BMI, body mass index; HR, hazard ratio; 
N1, positive lymph node;
R1, positive margin; TNM, tumor–node–metastasis.
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which may be partly explained by a lack of sufficient statistical power. Skeletal muscle mass showed 
a significant association with postoperative 90-day mortality in univariable analysis, although the 
statistical power of the present data may be insufficient to confirm this result in multivariable analysis. 
Nonetheless, these results warrant the assessment of low skeletal muscle mass as a risk factor prior 
to liver surgery in PHC.

The negative impact of low skeletal muscle mass on survival following surgery has also been shown 
in other hepatobiliary diseases, including HCC.1,6 The present study found an effect on survival after 
liver resection for PHC that was comparable with the effects of resection margin status, lymph node 
status and tumor differentiation grade. The majority of patients with lower muscle mass did not 
meet the defined criteria for cancer cachexia, but were simply individuals who had demonstrated 
lower skeletal muscle mass prior to surgery. Interestingly, even in the absence of severe cancer-
related wasting, CT assessment of skeletal muscle mass showed prognostic value. These results 
underscore the importance of this patient-related factor.

Interest in the assessment of frailty in surgery patients has increased in recent years. Preoperative 
frailty scores to evaluate the general condition of patients have been developed and have shown 
associations with postoperative outcomes.31-33 These scores, however, are mainly based on 
patient comorbidities and rarely involve nutritional status, although decreased nutritional intake has 
been shown to have significant negative impact on postoperative mortality.4 Some scores include 
surrogates of skeletal muscle mass (anthropometry, weight loss), but many require additional 
measurements in patients. However, as almost 50% of patients with low muscle mass may not 
have any weight loss, whether this factor is an adequate surrogate marker of skeletal muscle mass 
should be questioned. So far, no skeletal muscle mass index has been included in frailty scores. On 
the basis of the aforementioned studies and the present results, the current authors propose that 
skeletal muscle mass should be considered a factor in such scores. Of course, whether the inclusion 
of CT-based muscle measurements is as discriminative as current practice protocols remains to 
be ascertained. Although some studies have used dual-energy X-ray absorptiometry to determine 
muscle mass depletion, the quantification of muscle mass at L3 on CT images is straightforward 
and easily reproducible, and CT scans are usually available in all patients scheduled for surgery.7,9,34

The question of whether skeletal muscle mass can be increased preoperatively remains. A recent 
study on outcomes after liver transplantation in patients with low muscle mass observed a significant 
improvement in overall survival with perioperative nutritional therapy, although skeletal muscle mass 
itself was not increased.35 Other studies have focused on inhibiting catabolic pathways that promote 
muscle wasting. In patients with advanced cholangiocarcinoma, the administration of selumetinib, 
which is an inhibitor of mitogen-activated protein/extracellular signal-regulated kinase and IL-6, 
led to significant muscle gain in the majority of patients, but no survival benefit was observed.36 
It has been suggested that regular exercise prevents frailty and improves skeletal muscle mass 
and physical function in older patients,37 but further studies are needed to assess the effects of 
preoperative training on muscle mass and survival. In general, modulating skeletal muscle mass 
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seems possible and may therefore represent a promising therapy towards improving postoperative 
outcomes and even lowering health care costs.38

The present study has several limitations. Firstly, the exclusion from analysis of patients without 
adequate CT scans has presumably resulted in some degree of selection bias, although the 
comparison of demographics and complications between included and excluded patients revealed 
only a clinically significant lower number of R0 resections in the latter group (Table S1). The process 
of selecting study subjects from a total cohort of patients with PHC undergoing hepatectomy led to 
a smaller sample size and lower number of events. The consequent statistical uncertainty may have 
particularly influenced the analysis of postoperative morbidity, which showed associations with the 
analysed predictors of only borderline significance. Moreover, the even lower number of events in 
the analysis of postoperative mortality prevented the performance of multivariable analysis for that 
endpoint. Secondly, the study was designed to use a disease-specific cut-off for PHC, as others 
have done previously for various diseases.5,8 Previously established cut-offs were found to show an 
inaccurate fit that would lead to inaccurate effect measurement. This observation may be explained 
by the inclusion in the present cohort of less overweight patients. Established cut-offs may not be 
applicable to all cancer populations as a result of clinicopathological differences and the present 
authors therefore propose that the optimal stratification method be used to investigate a relationship 
between skeletal muscle mass and postoperative outcome in such instances.

Thirdly, a relatively high 90-day mortality rate (17.0%) was observed in the preselected cohort 
(especially in individuals with low muscle mass), given that previous results established by the 
present group had shown postoperative mortality of 7–10%. The latter series, however, also 
included patients undergoing only local resection of the extrahepatic bile duct.10 The high mortality 
rate (28.6%) within the low muscle mass group may have resulted from higher age, the presence of 
preoperative cholangitis and more extensive resections in these diseased patients.

Finally, as biliary drainage has been shown to increase nutritional status, it may also indirectly 
influence preoperative skeletal muscle mass.39 Standard measurement of skeletal muscle mass 
status on post-drainage CT scans ensured the standardization of the current analysis. However, 
the effect of biliary drainage on skeletal muscle mass was not measured because adequate pre-
drainage scans were not available. 

To conclude, the present study shows that low skeletal muscle mass has a negative impact on short- 
and long-term outcomes after hepatectomy for PHC. Therefore, measurement of skeletal muscle 
mass should be considered in the preoperative risk assessment of patients with PHC. Preoperative 
amplification of skeletal muscle mass in patients with low muscle mass, using nutritional intervention 
and/or exercise, potentially improves postoperative outcomes.
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ABSTRACT
Background: Extrahepatic cholestasis sensitizes the liver to ischemia/reperfusion (I/R) injury, since 
it is associated with pre-existent sterile inflammation, microvascular perfusion defects, and impaired 
energy status. Statins have been shown to protect against I/R injury in normal and steatotic mouse 
livers. Therefore, the hepatoprotective properties of atorvastatin (ATV) were evaluated in a rat model 
of cholestatic I/R injury.

Methods: Male Wistar rats were subjected to 70% hepatic ischemia (30 min) 7 d after bile duct 
ligation (BDL). Rats were randomized to ATV treatment or vehicle-control in three test arms: (1) 
oral treatment with 5 mg/kg during 7 days after BDL; (2) intravenous treatment with 2.5, 5, or 7.5 
mg/kg 24 h before ischemia; and (3) intravenous treatment with 5 mg/kg 30 min before ischemia. 
Hepatocellular damage was assessed by plasma alanine aminotransferase (ALT) and histological 
necrosis.

Results: I/R induced severe hepatocellular injury (~10-fold increase in ALT at 6 h after I/R and ~30% 
necrotic areas at 24 h after I/R). Oral ATV treatment decreased ALT levels before ischemia, but did 
not reduce ALT levels after I/R. Intravenous ATV treatment at 5 mg/kg 24 h before ischemia was the 
only regimen that reduced ALT level at 6 h after reperfusion, but not at 24 h after reperfusion. None 
of the tested regimens were able to reduce histological necrosis at 24 h after reperfusion. 

Discussion: Pre-treatment with ATV did not protect cholestatic livers from hepatocellular damage 
after I/R. Clinical studies investigating the role of statins in the protection against hepatic I/R injury 
should not include cholestatic patients, who require (pharmacological) interventions that specifically 
target the cholestasis-associated hepatopathology.
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INTRODUCTION
Liver surgery in patients with perihilar cholangiocarcinoma is associated with a high rate of 
postoperative mortality (between 5 to 18%) because the tumor causes extrahepatic cholestasis, 
sensitizing the liver to surgical injury.1-3 The effects of cholestasis include impaired liver regeneration 
and increased susceptibility to ischemia/reperfusion (I/R) injury. Biliary drainage can be used to reduce 
cholestasis preoperatively, but it is a risky intervention since complications after biliary drainage 
(e.g. cholangitis) may outweigh the benefit of biliary decompression.2 Therefore, pharmacological 
interventions targeting the effects of extrahepatic cholestasis are desired as a potentially superior 
alternative to biliary drainage. 

Hepatic I/R injury is an inevitable side effect of surgery that results from the temporary deprivation 
of blood supply to the liver; a contrived procedure that is aimed at preventing excessive peri-
operative blood loss. However, the reinstatement of blood flow after resection may have detrimental 
consequences that affect the liver parenchyma and reduce liver function. Reoxygenation of the liver 
causes overproduction of reactive oxygen and nitrogen species (ROS and RNS, respectively) in 
mainly mitochondria as a result of excessive electron leakage from the respiratory chain.4 The ROS/
RNS oxidize biomolecules and subsequently induce cell death programs that, in combination with 
the depletion of energy stores during the ischemia phase, results in mainly necrotic cell death.5 Dying 
and dead hepatocytes release numerous endogenous molecules that act as damage-associated 
molecular patterns (DAMPs), which constitute a chemotactic gradient for neutrophils and activate 
Kupffer cells to produce ROS and release pro-inflammatory cytokines that further contribute to 
neutrophil chemotaxis. The attracted neutrophils adhere to the afflicted liver microvasculature, 
leading to their activation and production of more ROS, altogether accounting for exacerbation of 
intrahepatic oxidative stress, (micro)vascular constriction, and inflammation.6

Livers with a healthy parenchyma can effectively cope with I/R when exposed to a limited duration 
of ischemia. In contrast, cholestatic livers are less apt to tolerate I/R due to the pre-existent 
hepatopathology. Cholestasis is associated with the accumulation of hydrophobic bile acids in 
cell and organelle (mitochondrial) membranes, which leads to increased mitochondrial ROS/
RNS production, sterile inflammation, and cell death.7-9 In addition, cholestasis is characterized 
by microvascular perfusion defects that result from compression of vasculature due to biliary 
hyperdilatation10 and from a ROS/RNS-driven shift in the balance between vasodilators (nitric oxide, 
prostacyclin, carbon monoxide) and vasoconstrictors (endothelin-1, thromboxane A2) towards a 
vasoconstrictive state.11,12 These perfusion defects, together with bile acid-mediated mitochondrial 
perturbations,13 lead to reduced production of ATP and other metabolically important nucleotides 
and hence an impaired energy status and overall metabolic dysfunction in cholestatic livers.14 

In light of this disease profile, the aim of the study was to determine whether the resilience of 
cholestatic rat livers to I/R could be pharmacologically augmented by the administration of statins 
prior to ischemia induction. Statins are normally used in the prevention of cardiovascular disease 
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because of their lipid-lowering properties, but this class of drugs exhibits multiple additional effects.15 
Among the lipid metabolism-independent effects, statins have been shown to influence bile acid 
homeostasis16 and reduce markers of liver injury in animal models of cholestasis.17-19 Although these 
effects remain to be confirmed in clinical studies, statins seem to reduce bile acid production and 
increase cholesterol transport back to plasma; both regulated of nuclear receptors.16,20 An additional 
effects of statin therapy is protection against I/R injury, as previously demonstrated in normal and 
steatotic mouse livers.21-23 In that respect, the dual hepatoprotective properties of statins may prove 
especially helpful against I/R injury in the context of cholestatic hepatopathology. 

The lipid metabolism-independent pleiotropic effects of statins include antioxidant, vasoprotective, 
anti-inflammatory, and anti-thrombotic effects. The proximal steps in cholesterol metabolism 
include formation of farnesyl and geranylgeranyl pyrophosphate. Inhibition of these precursors by 
statins prevents isoprenylation of several G-proteins: inhibition of Rac1 prevents oxidative stress 
through a reduction in nicotinamide adenine dinucleotide phosphate (NADPH) oxidase activity,24 and 
parallel inhibition of RhoA upregulates endothelial nitric oxide synthase (eNOS) production.25 eNOS 
stimulates the production and bioavailability of NO, which subsequently causes vasodilatation of the 
hepatic microvasculature, deters apoptosis of sinusoidal endothelial cells (SECs), and suppresses 
thromboxane A2 production.26 Accordingly, atorvastatin (ATV) ameliorates microcirculatory defects 
and endothelial dysfunction in normal and steatotic mouse livers.22,23,27,28 Pre-treatment with statins 
also suppresses hepatic protein levels of Toll-like receptor-4 (TLR-4), which is expressed by Kupffer 
cells, sinusoidal endothelial cells, and hepatocytes.29 The lower TLR-4 levels translated to reduced 
NF-κB activity and decreased production and release of various chemokines and cytokines that 
collectively drive sterile inflammation.22,28 It was therefore hypothesized that statins reduce I/R injury 
in cholestatic livers, as schematically outlined in Figure 1 for ATV, given that the intervention sites 
correspond to the molecular origins of cholestasis- and I/R-mediated liver damage. 

The hypothesis was tested in a bile duct ligation (BDL)-based rat model of obstructive 
cholestasis, which is most representative of the patients requiring liver surgery for e.g., perihilar 
cholangiocarcinomas. The experiments demonstrated that oral ATV administered daily during 7 d 
BDL (5 mg/kg) as well as a single intravenous bolus 24 h before animal sacrifice (5 mg/kg) reduced 
the extent of cholestasis-induced liver damage during 7-d BDL, indicating that ATV reached the liver 
and conferred a hepatoprotective effect. However, systemic administration of ATV did not protect the 
liver against I/R damage, regardless of the dosage (up to 7.5 mg/kg) and time of administration (24 
h or 30 min before ischemia induction). Further mechanistic elucidation was therefore not performed 
and the study was terminated prematurely. The main implications of our findings are that cholestatic 
patients may benefit from ATV therapy in the period between diagnosis and biliary drainage, but 
that ATV therapy does not constitute a viable treatment option for surgical patients with cholestasis. 
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MATERIALS AND METHODS
Animals
All animal experiments were approved by the institute’s animal ethics committee (BEX102781) and 
animals were treated in accordance with the Guide for the Care and Use of Laboratory Animals (NIH 
publication 85-23, rev. 2011). Specific pathogen-free male Wistar rats (N = 115, Harlan Laboratories, 
Horst, the Netherlands) weighing between 250-270 g were acclimated for 1 wk in a temperature-
controlled room with 12-h dark/light cycles and ad libitum access to water and standard chow.

Anesthesia and surgical procedures
Standard bile duct ligation (BDL) was used to induce cholestasis. Rats were subjected to 70% 
hepatic ischemia for 30 min at 7 d days after BDL.14 For both procedures, rats were anesthetized 
with 3-5% isoflurane (O2:air ratio of 1:1, 2 L/min, Forene, Abbott Laboratories, Queensborough, UK) 
and analgesic care was provided by subcutaneous administration of buprenorphine (0.03 mg/kg, 
Temgesic, Schering-Plough, Kenilworth, NJ). Maintenance anesthesia comprised 2-2.5% isoflurane 
(O2:air ratio of 1:1, 1 L/min). 

Experimental setup
Rats were randomized to ATV treatment or vehicle-control in three test arms according to Figure 2. 
The group sizes are indicated in the figure. In the first test arm, the effects of orally and intravenously 

 

Figure 1. Pathophysiological mechanisms in hepatocytes and sinusoidal endothelial cells (SEC) as a result of ischemia/
reperfusion and cholestasis in the context of the pharmacodynamics of atorvastatin (ATV). The sites where ATV has been 
demonstrated to intervene are indicated and serve as a basis for this study. Abbreviations: ROS, reactive oxygen species; 
DAMPs, damage-associated molecular patterns; TLR-4, Toll-like receptor-4; NF-κB, nuclear factor kappa-light-chain-
enhancer of activated B cells; TXA2, thromboxane A2; ET-1, endothelin-1; NO, nitric oxide; eNOS, endothelial nitric oxide 
synthase; SEC, sinusoidal endothelial cell.
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administered ATV were investigated in the context of cholestatic liver injury. For oral administration, 
ATV (Pfizer, New York, NY) was dissolved in sterile 0.9% NaCl solution (B. Braun Melsungen, 
Melsungen, Germany) at a 1.0-mg/mL concentration. ATV (or its vehicle control) was administered 
per gavage once daily during 7 d after BDL at a dose of 5.0 mg/kg body weight. For intravenous 
administration, atorvastatin (PZ0001, Sigma-Aldrich, St. Louis, MO) was dissolved in dimethyl 
sulfoxide (DMSO) at a 10.0-mg/mL stock concentration and diluted with NaCl to a concentration of 
1.0 mg/mL, corresponding to an ATV dose of 5.0 mg/kg body weight. In the second and third test 
arms, the effect of a single intravenous dose of ATV administered 24 h or 30 min before ischemia 
induction, respectively, was investigated in terms of I/R-induced liver injury at 6 and 24 h reperfusion. 
ATV in DMSO (10.0 mg/mL) was diluted with NaCl to a concentration of 0.5, 1.0, or 1.5 mg/mL, 
corresponding to administered doses ATV of 2.5, 5.0, or 7.5 mg/kg body weight. Systemically 
dosed ATV was administered via the tail vein. 

Blood sampling was performed via the tail vein when the animals remained in the experiment (test 
arm 3) or via cardiac puncture when the animals were sacrificed by exsanguination. Following 
sacrifice, liver specimens were harvested for histological processing.

Assessment of liver injury, inflammation, and fibrosis
Serum ALT and bilirubin levels were assayed in blood samples (Figure 2) by routine clinical chemistry 
using a Cobas 8000 modular analyzer (Roche, Basel, Switzerland). Histological sections were 
processed as described previously and stained with hematoxylin and eosin (H&E).30 

The extent of necrosis was quantified by an experienced hepatopathologist (JV) in liver biopsies 
collected after I/R (Figure 2). Analysis was performed in 10 random fields of view (FOVs) per liver and 
expressed as a percentage of the total FOV surface.31 Inflammation (density of polymorphonuclear 
leukocytes) and fibrosis were assessed according to the Ludwig scoring system32.

Statistical analysis
Statistical analysis was performed in GraphPad Prism (GraphPad Software, San Diego, CA). Results 
are presented as mean ± SEM. ATV and vehicle control-treated groups were compared using an 
unpaired student’s t-test with Welch’s correction. The Gaussian distribution of each data set was 
confirmed with a Shapiro-Wilk test (n < 8) or a D’Agostino-Pearson omnibus test (n ≥ 8). A P-value 
of ≤ 0.05 was considered statistically significant.

RESULTS
The 7-d BDL resulted in severe cholestasis, as evidenced by a mean total bilirubin of 174 ± 23 µM. 
Histological sections acquired after I/R exhibited septal fibrosis characteristic of Ludwig stage 3, 
which had developed before I/R due to the chronic nature of this process. Cholestasis was also 
associated with elevated plasma ALT levels (Figure 3A), reflecting hepatocellular injury that was 
consistent with previous reports.14 
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Daily oral doses of 5 mg/kg ATV during the 7-d BDL period as well as a single intravenous dose 
of 5 mg/kg on day 6 during the 7-d BDL period (test arm 1) reduced ALT levels by 50% and 20%, 
respectively (Figure 3A). These data indicate that ATV (a) reached the liver following oral as well 
as systemic administration and (b) conferred a hepatoprotective effect during the progression of 
cholestatic liver injury. 

Inasmuch as cholestatic hepatopathology is amplified as a result of I/R, the pharmacodynamic 
efficacy of ATV was examined in a dose escalation setting at 6 h reperfusion following 30 min of 
ischemia. As shown in Figure 3B, i.v. administration of ATV at 5 mg/kg 24 h before the induction of 
ischemia resulted in significantly reduced hepatocellular damage. Consequently, this dosing regimen 
was more closely investigated in terms of hepatocellular damage (ALT) and histological necrosis. 

Figure 2. Experimental setup consisting of 3 test arms. The first test arm entailed oral or intravenous (i.v.) administration 
of atorvastatin (ATV) without subjecting the animals to ischemia/reperfusion (I/R) to determine the effect of ATV on the 
pathology of cholestasis. This test arm also served to demonstrate that ATV is targeted to the liver following oral or i.v. 
administration. Test arms 2 and 3 encompassed intravenous (i.v.) administration of ATV followed by I/R. The gray segment 
delineates the period of bile duct ligation (BDL), the blue segment indicates the ischemic phase, and the red segment 
designates the reperfusion time frame. The times in in every segments at which procedures were performed are indicated 
with black vertical lines, protracted in gray throughout the figure. The legend at the top explains the significance of the 
symbols, the numbers in parentheses refer to the group size.

 



122

CHAPTER 7

Although ATV reduced hepatocellular damage at 6 h reperfusion, the protective effects were 
abrogated at 24 h reperfusion (Figure 3C and E). Given that histological necrosis is irreversible, 
these results demonstrated that ATV was unable to ultimately protect the liver from damage when 
administered systemically 24 h before I/R.

It is known that ATV is taken up by sinusoidal endothelial cells and hepatocytes,33 and metabolized 
in and excreted by the liver.34 Administering ATV 24 h before I/R may therefore have resulted in 
subtherapeutic intrahepatic ATV levels, accounting for the absence of hepatoprotection. To resolve 

Figure 3. (A) Oral and single-dose i.v. Atorvastatin treatment reduced serum ALT at 7 d after bile duct ligation. (B) 
Atorvastatin 5 mg/kg administered 24 h before I/R was identified as the most effective dose at reducing serum ALT 6 
h after I/R. (C) Despite its protective capacity at 6 h after I/R, atorvastatin 5 mg/kg administered 24 h before I/R did not 
reduce serum ALT or necrosis at 24 h after I/R. (D) No effect in serum ALT or necrosis was observed when atorvastatin 5 
mg/kg was administered 30 min before I/R. (E) Representative histological sections (H&E) of I/R-subjected cholestatic rat 
livers treated by vehicle or ATV at 24 h or 30 min before the induction of ischemia. The white arrows point to patches of 
confluent necrosis. Original magnification 2.5×.
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this potential pharmacokinetic hurdle, ATV was administered 30 min before ischemia induction at 
the optimal concentration (5 mg/kg) in accordance with previous reports (24). Nevertheless, this 
treatment regimen also did not result in reduced liver damage at 24 h of reperfusion (Figure 3D and 
E). In light of these data, subsequent experiments were discontinued, as there was no compelling 
evidence that ATV protects the liver from I/R injury. 

DISCUSSION
The anti-inflammatory, vasoregulatory, and anti-thrombotic effects of statins have been shown to 
protect against I/R injury in normal and steatotic mouse livers.21-23 Even short-term therapy with ATV 
(5 mg/kg) just 1 h before ischemia increased the bioavailability of NO and inhibited NF-κB activation 
that resulted in improved post-I/R outcomes.28 Based on the literature and the well-established 
pharmacodynamic properties of ATV in juxtaposition to cholestatic I/R pathophysiology, we 
hypothesized that ATV would protect cholestatic livers against I/R injury. Cholestasis is associated 
with pre-existing liver damage and sterile inflammation,7-9 microvascular perfusion defects,10-12 and 
impaired energy status.13 ATV intervenes in several of these processes. Although ATV ameliorated 
liver damage during the manifestation and progression of cholestasis, as has been described before 
for statins,17-19,35 there was no beneficial effect of ATV on I/R-induced liver damage following different 
dosing regimens. 

Patients with perihilar cholangiocarcinoma typically present with obstructive jaundice and cholestasis 
upon admission, which constitute severe risk factors in liver surgery. Consequently, biliary drainage is 
often employed to alleviate these conditions prior to surgery. However, patients selected to undergo 
surgery without biliary drainage,2 may benefit from statin treatment as a preoperative intervention, 
based on our results and those of others17-19,35. Similarly, patients with primary biliary cirrhosis may 
benefit from statin treatment. One report described lower total bile acid levels,36 and several reports 
described a reduction in cholestasis markers in patients with primary biliary cirrhosis.36,37 It should be 
noted that recent studies did not reproduce these findings,38,39 so the actual clinical benefit of statins 
in the treatment of cholestasis remains unclear.

The exact reasons for the lacking therapeutic efficacy of ATV in cholestatic liver I/R are currently 
elusive. Several mechanisms may explain the failure of ATV to prevent hepatocellular damage in 
cholestatic livers. Microvascular perfusion defects and impaired energy status may have persisted 
after ATV treatment. This could have been caused by mechanical compression of the hepatic 
microcirculation due to biliary hyperdilatation as a result of the cholestasis, impairing intrahepatic 
blood flow and energy metabolism.14 Alternatively or additionally, cholestasis may have caused a 
pre-existent vasoconstrictive state that rendered the hepatic microcirculation unreceptive to ATV-
mediated inhibition of vasoconstrictors (endothelin-1, thromboxane A2) and upregulation of NO, 
which would generally result in improved microcirculation, oxygen delivery, and energy metabolism. 
Also, the poor responsiveness to ATV treatment may have been exacerbated by the prevailing 
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state of oxidative stress and sterile inflammation,14 which cannot be fully resolved by TLR4 and 
NF-κB inhibition with ATV.22 In light of the negative results, we chose not to further investigate the 
mechanisms that underlie the lacking therapeutic efficacy of ATV. Instead, future research efforts 
should be directed at evaluating other types of pharmaceutical agents that target the multifarious 
pathogenic features of I/R injury in cholestatic livers.

Lastly, readers should note that this study has several limitations. First, the experimental model was 
associated with substantial variability in outcomes, despite the broad experience with this model in 
our laboratory.14,40-42 The group sizes had to be extended during the study following interim analysis 
to overcome the considerable standard deviations, but were still inadequate to statistically resolve 
minor beneficial effects of ATV. However, it is questionable whether such small improvements in 
outcome would justify the use of ATV as an intervention. Moreover, liver damage following I/R was 
extensive, probably owing to 7 days of BDL prior to ischemia induction. Although this is a widely 
used model for extrahepatic cholestasis, we cannot preclude that ATV does not protect the liver 
against I/R injury in cases of milder cholestasis. 

In conclusion, pre-treatment with statins did not protect cholestatic rat livers from hepatocellular 
damage after I/R. Clinical studies warrant the investigation of statins for the amelioration of I/R 
injury in livers with otherwise healthy or steatotic parenchyma, but not with cholestasis-affected 
parenchyma.
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ABSTRACT
Background: Routine extrahepatic bile duct (EBD) resection in non-jaundiced patients with 
gallbladder cancer (GBC) is controversial. The aim of this study was to retrospectively analyse 
patterns of recurrence in patients who underwent resection of GBC without routine EBD resection. 

Methods: This analysis included 58 patients who had undergone exploratory laparotomy for GBC 
between 2000-2012 at a single, tertiary referral centre. Overall survival, time to recurrence, and 
patterns of recurrence were assessed in patients who underwent conventional R0 resection without 
routine EBD resection.

Results: Among 58 patients who underwent exploratory laparotomy for GBC, 26 patients (45%) 
had undergone R0 resection without EBD resection (tumor stage T1b in 5 patients; T2 in 17; T3 in 
3; and T4 in 1). The 3-year survival rate among these patients was 78% at a median follow-up of 33 
months (range, 13 – 127 months). Seven patients had developed recurrent disease at a median time 
of 9 months (range 2 – 25) after resection. No patients had developed isolated recurrent disease at 
the EBD.

Discussion: Of 26 patients resected for GBC none developed isolated recurrent disease at the EBD 
after conventional resection of GBC without EBD resection. This finding suggests that routine EBD 
resection is of no additional value. 
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INTRODUCTION
Surgical treatment of gallbladder carcinoma (GBC) is predominantly guided by the extent of tumor 
invasion.1,2 A potentially curative resection requires tumor free margins and regional lymphadenectomy 
in patients with stage T1b disease or higher.3,4 The aim of regional lymphadenectomy is to improve 
the curative potential of resection,5,6 and to assess the stage of the tumor for prognostication.7,8  
Resection of the extrahepatic bile duct (EBD) however is controversial in GBC patients, both with 
and without involvement of the EBD. For patients with EBD involvement, disagreement exists about 
the benefit of surgical resection.9,10  Here, the value of routine EBD resection is discussed in patients 
who have no obstructive jaundice, no macroscopic involvement of the EBD, and a negative cystic 
duct margin.

Routine EBD resection has been performed for GBC with varying frequency in many centres.1,10-14 The 
rationale for this approach is that cancer cells may not only have spread to the large lymph vessels 
in the subserosal layer around the EBD, which are resected during conventional lymphadenectomy, 
but also to small lymph vessels in the submucosal layer of the EBD.10,13,15 However, no studies 
have been able to show an improved survival with routine EBD resection.12,16 Also, it has been 
demonstrated that EBD resection does not increase the completeness of lymphadenectomy of the 
hepatoduodenal ligament.1 Hence, while EBD resection is associated with increased morbidity and 
mortality, there is no evidence that routine EBD resection is of any oncologic benefit.1,17 

In the Academic Medical Centre (AMC) in Amsterdam, GBC resection without EBD resection has 
been the standard approach in patients who have no signs of obstructive jaundice, no macroscopic 
involvement of the EBD and a negative cystic duct margin. It is uncertain whether potentially leaving 
cancer cells behind in the submucosal layers of the EBD using this policy, negatively impacts 
survival. As most patients develop distant disease as the initial pattern of recurrence after GBC 
resection,18 the hypothesis of this study is that GBC patients are unlikely to develop an isolated 
regional recurrence at the EBD after GBC resection without routine EBD resection. 

The aim of this study was to assess the patterns of recurrence in patients who underwent 
conventional resection of GBC without routine EBD resection.

METHODS
Patients
Consecutive patients who underwent exploratory laparotomy for gallbladder cancer at our 
tertiary care referral centre between January 2000 and April 2012 were identified by reviewing 
pathology registries and medical billing records. Inclusion criteria were: R0 resection of GBC (i.e., 
adenocarcinoma of hepatobiliary origin or papillary malignancy, and originating at the gallbladder or 
at the cystic duct); and laparotomy at the AMC Amsterdam, either because of primary suspicion 
of GBC, or after a previous noncurative cholecystectomy at a referring centre (i.e., incidental 
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GBC found at pathologic review). All patients with R1/2 or no resection were excluded, as well 
as patients with an indication for EBD resection. Indications for EBD resection were: preoperative 
obstructive jaundice; macroscopic involvement of the EBD; or positive cystic duct margin. Clinical 
and pathological data were retrospectively collected from the medical records. 

Surgical resection
Resection of the tumor in patients who presented with a primary suspicion of GBC consisted of a 
locoregional lymphadenectomy and en-bloc cholecystectomy with a hepatic resection. Definitive 
resections were performed in patients who had undergone a previous noncurative cholecystectomy 
at a referring centre, consisting of locoregional lymphadenectomy for GBC pT1b or higher, and 
additional hepatic resection for pT2 or higher. Hepatic resections consisted of excision of a wide 
wedge of segments 4b/5, or a right hemihepatectomy extended to segment 4b depending on 
the liver involvement of the tumor. Indications for right hemihepatectomy were: hepatic invasion 
not radically resected with segment 4b/5 wedge resection, and tumor involving the right posterior 
portal pedicle. Infiltration into other adjacent organs required resection of the involved structures: 
most commonly parts of colon or duodenum. The EBD was preserved in all patients in this study 
cohort. Standard lymphadenectomy included harvesting of all locoregional lymph nodes (i.e. the N1 
lymph nodes according to the 7th edition of the TNM classification),4 and excision of all lymphatic 
tissue in the hepatoduodenal ligament, resulting in complete skeletonization of the portal vein up 
to its bifurcation and proper hepatic artery including left and right hepatic arteries . Lymph nodes 
beyond the hepatoduodenal ligament (i.e. along the common hepatic artery) were not included in 
the standard lymphadenectomy. 

Follow-up
Overall survival, disease-free survival, and patterns of recurrence were analyzed. The patterns 
of recurrence were determined from computed tomography (CT) imaging studies that were 
conducted 3 months postoperatively and when indicated by clinical signs of recurrence (e.g. 
recurrent jaundice, abdominal complaints or fatigue) at further clinical follow-up. For patients who 
had no clinical follow-up up to April 1, 2012, disease status was assessed by contacting the 
primary care physicians who had monitored clinical signs of recurrence and referred patients for 
CT imaging if indicated. If applicable, details on tumor recurrence were obtained from regional 
hospitals where tumor recurrence had been diagnosed. Tumor markers were not monitored in a 
standard way. Diagnosis of recurrent disease was confirmed by histological analysis if possible. 
Since 2010, patients with recurrent disease were considered for systemic treatment with cisplatin 
and gemcitabine.19 Patterns of recurrence were classified as local (liver resection margin, EBD, or 
liver hilum), or distant (intrahepatic but away from resection margin, retroperitoneal lymph nodes, 
peritoneum, or abdominal wall).18 Time to recurrence was defined as the time between definitive 
resection and the first suspicious radiological finding of recurrent disease. Overall survival was 
defined as the time between definitive treatment and the day of death, which was retrieved from 
the Dutch municipal population register. 
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Statistical analysis
Continuous data are presented as the median with range.  Independent continuous variables were 
dichotomized. Associations with the dependent variable for tumor recurrence were analyzed using 
Fisher’s exact test. Kaplan-Meier estimates were used in analysis of overall survival and disease 
free survival, and differences in overall survival were analyzed using the Log-rank (Mantel-Cox) test. 
P-values less than 0.05 were considered statistically significant. 

RESULTS
A total of 58 patients who underwent exploratory laparotomy with curative intent for GBC were 
identified at the AMC Amsterdam. Twenty patients did not undergo resection at exploratory 
laparotomy because of extensive disease or distant metastases. Thirty-eight patients underwent 
a resection (resection rate 66%). Patients who required an EBD resection (for macroscopic EBD 
involvement in 3, and positive cystic duct margin in 3 patients), and patients who had an R1 or 
R2 resection (6) were excluded. An R0 resection with preservation of the EBD was achieved in 
26 patients and these patients formed the study group (Figure 1). Demographics, treatment and 
pathology results are presented in Table 1. 

A previous laparoscopic cholecystectomy (i.e., incidental finding of GBC) had been performed in 12 
patients and these patients had been referred for definitive surgery. The depth of tumor infiltration 
in these patients was pT1b in 3 of 12 patients, in whom only lymphadenectomy was undertaken at 
exploratory laparotomy. The remaining 9 of 12 patients had pT2 disease and underwent segment 
4/5 resection in combination with lymphadenectomy at exploratory laparotomy. The median time 
between cholecystectomy and definitive surgery was 8 weeks (range 3 – 17).

 
Figure 1. Flowchart of surgical outcomes in patients undergoing exploratory laparotomy for GBC. An R0 resection with 
preservation of the EBD was achieved in 26 patients.



132

CHAPTER 8

Survival
Ten patients (out of 26) had died at last follow-up; of these 10 patients, 3 patients had no signs of 
GBC recurrence at the time of death. The median follow-up of the 16 patients alive at last follow-
up was 33 months (range 13-127 months). The 3-year overall survival rate was 78%; the median 
survival was not reached (Figure 2). Lymph node status was significantly associated with overall 
survival (p=0.04), whereas no significant association was found for the depth of tumor invasion. 

Initial disease recurrence
Univariable analysis found no statistically significant associations between the depth of tumor invasion 
or lymph node status, and tumor recurrence. (Table 2) The anatomical locations of initial tumor 
recurrences are presented in Table 3. Four patients developed recurrences at a local site, which was 
the liver resection margin in two patients, the liver hilum in one patient, and the EBD in one patient. 
Local recurrences in these 4 patients were confirmed histologically. The two patients with local tumor 

Table 1. Demographics, treatment and pathology of patients with an R0 gallbladder carcinoma resection without 
extrahepatic bile duct resection (n=26)

Patients characteristics Number of patients

Sex, female 19 

Median age, yrs (range) 64 (48 – 82)

Preoperative jaundice 0

Previous cholecystectomy 12 

T stage

T1b

T2

T3

T4

5

17

3

1

N stage

N0

N1

Nx*

18

6

2

Hepatic resection

Cholecystectomy

Segment 4b/5 wedge

Right hemihepatectomy

5

19

2

Additional resections

Partial duodenum 1

Regional lymphadenectomy 26

Median lymph nodes harvested (range) 3 (0 – 11)

* Lymph node status not available in pathology report.
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recurrence at the liver hilum and at the EBD had synchronous recurrence at distant sites: one patient 
had synchronous peritoneal metastases, and one patient had synchronous abdominal wall and 
greater omentum metastases, which may have resulted from tumor spill at a previous laparoscopic 
cholecystectomy. The median time to initial recurrence was 9 months (range 2 – 25 months). Nineteen 
patients had no evidence of tumor recurrence at the time of death or at most recent follow-up. 

Figure 2. Survival curves for patients who underwent R0 resection for GBC with preservation of the EBD. No patients 
were lost to follow-up. (A) Overall survival curve. The median survival was not reached. The estimated 3-year survival 
rate was 78%. (B) Survival curves according to lymph node status. Patients with N1 (n=6) and Nx (n=2) disease were 
pooled. Patients with N0 disease had significantly better survival compared to patients with N1/Nx disease (p= 0.04). No 
significant association with survival was found for depth of tumor invasion.

 

Figure 2A.

 

Figure 2B.
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Table 2. Univariable analysis of factors associated with recurrence 

No recurrence (n= 19) Recurrence (n= 7) P-value

Factor No. No.

Depth of tumor invasion

T1b

T2

T3

T4

5

12

3

0

0

5

1

1

0.28†

Lymph node status

N0

N1

Nx

15

4

0

3

2

2

0.15†

† Analyses (Fisher’s exact tests) based on comparison between patients with stage T1b versus T2/3/4 disease and N0 
versus N1/Nx disease, respectively.

Table 3. Sites of initial disease recurrence after R0 resection of GBC without EBD resection.

Patient

Age (years)

T-stage

N
-stage

Incidental finding

H
epatic resection

Location prim
ary tum

or

Tim
e to recurrence (m

onths)

O
verall survival (m

onths)

Local recurrence

Liver resection m
argin

EBD

Liver hilum

D
istant recurrence

D
istant lym

ph nodes

Liver (aw
ay from

 m
argin)

Peritoneum

Abdom
inal w

all

G
reater om

entum

C
oncom
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1 60 T2 N0 No S4/5 Fundus 6 14 Y Y Y

2 48 T2 N0 No S4/5 Fundus 21 22 Y Y Y Y Y

3 69 T2 N1 Yes S4/5 Body 12 13 Y Y Y Y Y Y

4 72 T2 Nx No S4/5 Fundus 2 8 Y Y

5 54 T2 Nx No S4/5 Body 9 54 Y Y

6 66 T3 N0 No Rhep Body 3 4 Y Y

7 67 T4 N1 No Rhep Body 25 26 Y Y

Characteristics, survival and site of initial disease recurrence in patients who developed a recurrence after R0 resection of 
GBC without EBD resection. These patients had all died of disease at follow-up. Patients who did not have a recurrence 
(n=19) at a median follow-up of 33 months (range 13-127 months) are not shown in this table. S4/5= segment 4b/5 
wedge resection, Rhep= right hemihepatectomy extended to segment 4b, Y = Yes, patient had an initial recurrence at 
specified site.
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DISCUSSION
In this cohort of 58 patients undergoing exploratory laparotomy for gallbladder cancer (GBC) no 
patients underwent routine resection of the extrahepatic bile duct (EBD). Among 26 patients who 
underwent R0 resection of GBC without EBD resection, four patients developed a local recurrence. 
Two patients had a local recurrence in the region of the EBD (i.e. at the liver hilum or in the EBD), but 
both these patients also presented with synchronous distant metastases. No patient developed an 
isolated local recurrence in the region of the EBD.

A retrospective nationwide study from Japan compared EBD preservation and EBD resection in 399 
and 194 patients, respectively.12 This study included only patients without macroscopic involvement 
of the EBD. No difference in overall survival was found for any subgroup of T-stage or N-stage. Two 
Western studies have also compared patients in whom the EBD had been preserved or resected, 
and revealed no differences in overall survival. However, in these studies more than 50% of the 
EBD resections were mandated by clinical involvement of the EBD representing more extensive 
disease.1,20 The present study shows that out of 26 GBC patients who underwent an R0 resection 
without routine EBD resection, not a single patient presented with an isolated recurrence in the 
region of the EBD. These results support omitting routine EBD resection in the treatment of patients 
with GBC.

In contrast to these results, several studies have investigated histological tumor spread to the EBD in 
the resection specimen of non-jaundiced patients. These studies found tumor cells in the EBD in 19 
of 44 patients with T2/3 GBC and in 16 of 42 patients with T3/4 GBC.10,13 A third study found tumor 
cells in the submucosal lymph vessels of the EBD in 3 of 15 patients after resection of T2 GBC.15 
Another advantage of routine EBD resection is that it may enhance locoregional lymphadenectomy, 
but no differences in lymph node count were found between patients who had undergone EBD 
resection and those who had not.1 To summarize, omitting EBD resection potentially leaves behind 
micrometastases in submucosal lymphatic tissue in the EBD, but on the other hand, it is unlikely that 
routine EBD resection will improve the overall survival in patients undergoing R0 resection of GBC 
without macroscopic involvement of the EBD.

While the benefit of routine EBD resection is uncertain, it is associated with an increase in morbidity 
and mortality in both Western and Asian series.  In a series 104 patients who had undergone resection 
for GBC, 33% of the patients in whom the EBD had been resected developed a complication that 
required re-intervention, versus 13% in patients in whom the EBD had been preserved. Another 
recent study showed an increase in postoperative bile leakage from 3 to 14% when liver resections 
for various indications were combined with EBD resection.17 

The observation in this study that most patients who present with recurrence after radical resection 
of GBC are diagnosed with distant metastases is consistent with previous studies.18 This finding 
reflects the aggressive biology of GBC and associated poor survival, especially for patients with 
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positive lymph nodes. Micro-metastases remain undetectable by preoperative imaging and during 
surgery, suggesting a role for adjuvant systemic treatment. However, a recent meta-analysis based 
on 6 retrospective studies involving 4450 patients with GBC did not find a significant difference 
in 5-year survival between patients with or without adjuvant treatment.21 Systemic treatment with 
cisplatin plus gemcitabine is currently established as palliative treatment,19 but benefits from a 
palliative setting do not always translate to an adjuvant setting. Randomized trials are needed to 
further evaluate adjuvant therapies in GBC.

 This study is limited by its retrospective study design and lack of a control group that did undergo 
routine EBD resection. Some patients in the study group had undergone a previous laparoscopic 
cholecystectomy. This difference in treatment introduces heterogeneity in the otherwise small group 
of patients. Also, the median time between laparoscopic cholecystectomy and definitive surgery 
may have exposed patients to occult tumor progression, although only 1 of 12 patients with a 
previous laparoscopic cholecystectomy developed a tumor recurrence during the study period. 
Furthermore, the study is limited by the small sample size and short follow up. Alongside limitations 
on the general conclusion, the small sample size in this rare disease caused hampered detection 
of prognostic factors for tumor recurrence other than lymph node status. However, this study is the 
first that explores the value of routine EBD resection by analysing the initial patterns of recurrence.  

In conclusion, this study shows that out of 26 GBC patients who underwent an R0 resection without 
routine EBD resection, not a single patient developed an isolated recurrence in the region of the 
EBD. This finding suggests that there is no additional value of routine resection of the EBD in patients 
without involvement of the EBD and a negative cystic duct margin.
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ABSTRACT
Objective: To investigate the rate and pattern of recurrence after curative intent resection of perihilar 
cholangiocarcinoma (PHC).

Methods: Patients were included from two prospectively maintained databases. Recurrences were 
categorized by site. Time to recurrence and recurrence free survival (RFS) were estimated using the 
Kaplan-Meier method. Cox proportional hazards modeling was used to identify independent poor 
prognostic factors.

Results: Between 1991 and 2012, 306 consecutive patients met the inclusion criteria. The median 
overall survival was 40 months. A recurrence was diagnosed in 177 patients (58%). An initial local 
recurrence was found in 26% of patients: liver hilum (11%), hepaticojejunostomy (8%), liver resection 
margin (8%), or distal bile duct remnant (2%). An initial distant recurrence was observed in 40% of 
patients: retroperitoneal lymph nodes (14%), intrahepatic away from the resection margin (13%), 
peritoneum (12%), and lungs (8%). Only 18% of patients had an isolated initial local recurrence. The 
estimated overall recurrence rate was 76% at 8 years. After a recurrence free period of 5 years, 28% 
of patients developed a recurrence in the next 3 years. Median RFS was 26 months. Independent 
prognostic factors for RFS were resection margin, lymph node status, and tumor differentiation. Only 
node-positive PHC precluded RFS beyond 7 years.

Conclusions: PHC will recur in most patients (76%) after resection, emphasizing the need for better 
adjuvant strategies. The high recurrence rate up to eight years justifies prolonged surveillance. Only 
patients with an isolated initial local recurrence (18%) may have benefited from a more extensive 
resection or liver transplantation. Node-positive PHC appears incurable.
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is the most common type of bile duct cancer with an annual 
incidence of 1 to 2 per 100,000 in Western countries. PHC arises at or near the confluence of 
the right and left main bile duct and has an American Joint Committee on Cancer (AJCC) staging 
separate from intrahepatic and distal cholangiocarcinoma.1 Patients typically present with obstructive 
jaundice and are staged with cross-sectional imaging of the abdomen and chest. In the absence 
of metastatic or locally advanced disease, patients are eligible for resection with curative intent.2 
Five-year overall survival (OS) after resection varies from 13% to 40% across series with more than 
100 patients.3

The poor 5-year OS reflects a high recurrence rate after curative intent resection of PHC. Although 
several studies have reported the probability of developing a recurrence4-8, only one study with 79 
patients evaluated the time to recurrence.9 Detailed patterns of recurrence were reported in only 
one study with 80 patients.8 Better knowledge about recurrence rate and pattern may improve 
preoperative, intraoperative, and postoperative decision making. For example, surgery may not be 
the optimal treatment for patients with a very poor recurrence free survival (RFS), patients with a 
high risk of isolated local (without distant) recurrence may benefit from more extensive surgery or 
liver transplantation, and patients with a high risk of distant recurrence may be more likely to benefit 
from adjuvant treatment. Moreover, postoperative surveillance could be tailored to recurrence rate 
and pattern.

The objective of this study was to investigate the rate and pattern of recurrence after curative intent 
resection of PHC. In addition, prognostic factors for the time to recurrence and RFS were evaluated.

METHODS
Patients
From 1991 to 2012, consecutive patients with resected PHC were included from two prospectively 
maintained databases from Memorial Sloan Kettering Cancer Center (MSKCC, New York, USA), 
and Academic Medical Center (AMC, Amsterdam, The Netherlands). Patients with postoperative 
mortality within 90 days, R2 (palliative) resection, and re-resection after prior resection at another 
hospital were excluded from the analyses. Patients who were found to have a diagnosis other than 
PHC at final pathologic review were also excluded. The institutional review board (IRB) at both 
institutions approved this study.

Patients underwent resection if tumor-free proximal and distal bile ducts were anticipated with no 
metastases beyond the hepatoduodenal ligament. Suspect lymph nodes beyond the hepatoduodenal 
ligament (ie N2 lymph nodes) were biopsied with endoscopic ultrasound fine needle aspiration or 
percutaneous biopsy preoperatively, or analyzed with frozen section intraoperatively. Resections 
typically included excision of the extrahepatic bile duct en bloc with an (extended) hemihepatectomy, 
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excision of the portal vein bifurcation when involved, and complete lymphadenectomy of the 
hepatoduodenal ligament. Routine frozen section was performed of proximal and distal bile 
duct margins. In selected patients an extrahepatic bile duct resection without liver resection was 
performed. Caudate lobectomy was performed in most patients since the late 90s, and in most 
patients with a left-sided partial hepatectomy. Patients treated at AMC underwent preoperative low-
dose radiotherapy with three fractions of 3.5 Gy in an effort to destruct tumor cells in bile and reduce 
postoperative seeding metastases.10 Perioperative patient management and patient selection for 
surgery have been described previously in more detail.11,12

Outcomes
All patients underwent surveillance for recurrence. Imaging (CT or MRI) was performed at the 
discretion of the physician and patient because there is no data to support aggressive surveillance. 
In accordance with the National Comprehensive Cancer Network (NCCN) guidelines, imaging was 
performed at prespecified intervals (typically 6 months) or only with clinical suspicion of recurrence.13 
The use of imaging at regular intervals was more common in MSKCC and in more recent years.

Recurrence was defined as any new lesion on imaging that was highly suspicious for recurrence of PHC. 
Pathologic confirmation was often obtained, but not required. In a previous analysis in 2003, recurrence 
patterns were categorized into local, regional, and distant.8  In the current study, the term “regional 
recurrence” has been abandoned. Regional recurrence referred to recurrence in retroperitoneal lymph 
nodes, including celiac, periaortic, and pericaval nodes.  Since the 7th edition of the AJCC staging 
system was published these nodes are classified as N2 representing stage IV disease.1 Consequently, 
recurrences in retroperitoneal lymph nodes are now classified as distant metastases. In addition, a new 
local recurrence category was introduced for patients with a recurrence in the distal common bile duct 
remnant. Local recurrence was now defined as any recurrence at the liver resection margin, distal bile 
duct remnant, hepaticojejunostomy, or elsewhere in the liver hilum (e.g., hilar lymph nodes or arising 
from perineural disease). All other recurrences were considered distant.

Time to initial recurrence was measured from the time of surgery to the time of first recurrence whether 
local, distant, or both simultaneously. Patients who had no observed recurrence were censored at 
the time of last follow-up. Patients who died from other causes were censored at the time of death. 
Patients who died from sequelae of PHC without a documented recurrence were censored at the 
time of last follow-up prior to death. These patients either died from an undocumented recurrence, 
or from late complications resulting from biliary drainage or surgery. Recurrence free survival (RFS) 
was measured from the time of surgery to the time of first recurrence or death from any cause. 
Survival status was determined from national registries. Patients who were alive without evidence of 
recurrence were censored at the time of last follow-up.

Variables
Poor prognostic factors for time to recurrence and RFS were selected based on literature review.6,14-17 
Patients with a negative margin were divided between a narrow and a wide margin. A narrow margin 
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was defined as an initial positive margin (typically on frozen section), but a negative definitive margin 
with additional resection.18 Lymph node status was divided into three groups: positive, negative with 
less than 4 lymph nodes evaluated, and negative with at least 4 nodes evaluated.19,20 Moderate and 
poor tumor differentiation were combined because OS and RFS were similar for these groups.

Statistical analyses
Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences), version 
22. Proportions were compared with Fischer exact or chi square test; means were compared with 
the t-test. Time to recurrence and RFS were estimated using the Kaplan-Meier method. Univariable 
analyses were conducted using Kaplan-Meier estimates of survival probabilities and the log-rank 
test for comparisons. Variables with a p-value less than 0.05 were entered into a cox proportional 
hazards regression modeling for multivariable analyses for both time to recurrence and RFS.

RESULTS
Patients
Between 1991 and 2012, 359 consecutive patients underwent a resection for PHC of whom 306 patients 
(173 from MSKCC, 133 from AMC) met the inclusion criteria. Table 1 presents patient characteristics 
and treatments including demographics, preoperative imaging, biliary drainage, surgical procedure, 
pathology, and adjuvant treatments. Median overall survival (OS) was 40 months (95% CI: 35-46 
months) and 5-year OS was 35%. The 10-year OS was 17% with 24 actual 10-year survivors. Patients 
with a node negative tumor and a wide negative resection margin (n=129, 42%) had a median OS of 63 
months and 5-year OS of 50%. During follow-up, 214 patients (70%) died. PHC was the cause of death 
for 195 patients (91%): 177 had a documented recurrence, 18 patients died from an undocumented 
recurrence or from late complications resulting from biliary drainage or surgery. Nineteen patients (9%) 
died of other causes. The median follow-up for patients alive at last follow-up was 48 months.

Time to initial recurrence
During follow-up 177 patients (58%) were diagnosed with a recurrence. Figure 1A presents the 
estimated cumulative probability of recurrence over time. The median time to recurrence was 31 
months. At two years follow-up, the estimated probability of a recurrence was 42%, at five years 
67%, and at eight years 76%. Of the patients who did not develop a recurrence during the first two 
years, 60% developed a recurrence before eight years of follow-up. Of the patients who did not 
develop a recurrence during the first five years, 28% developed a recurrence before eight years of 
follow-up. Only two patients developed a recurrence after more than eight years.

Site of recurrence
Table 2 presents the site of initial recurrence. An initial local recurrence was found in 81 (26%) and 
an initial distant recurrence in 123 (40%) of all 306 patients. Only 54 patients (18% of all patients) had 
an initial isolated local recurrence, that is, without a simultaneously diagnosed distant recurrence.
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Table 1. Patient characteristics and univariable analyses for RFS.

N (%) Median RFS 5-year RFS P-value univariable

All patients 306 26 27% -

Gender
Female
Male

127 (42%)
179 (58%)

32
23

30%
21%

0.04

Age
<65 years
>=65 years

160 (52%)
146 (48%)

25
29

25%
30%

0.77

PSC
Yes
No

4 (1%)
302 (99%)

-
-

-
-

-

Bilirubin – preoperative 
< 2 mg/dL
>= 2 mg/dL

186 (65%)
99 (35%)

35
20

31%
18%

0.006

Lobar atrophy on imaging
None
Left
Right

188 (66%)
59 (20%)
39 (14%)

27
24
33

26%
27%
35%

0.10

Portal vein involvement on imaging
None  
Main/bifurcation/bilateral
Left
Right

176 (63%)
8 (3%)

57 (20%)
38 (14%)

26
49
24
27

27%
30%
30%
17%

0.68

Bismuth classification on imaging
Left or right duct only
1
2
3A - right
3B - left
4

23 (8%)
57 (19%)
40 (13%)
79 (26%)
64 (21%)
43 (14%)

62
21
33
25
25
24

56%
21%
27%
23%
29%
28%

0.10

Blumgart classification on imaging
T1
T2
T3

144 (47%)
94 (31%)
47 (15%)

25
29
25

26%
29%
28%

0.57

Tumor diameter on imaging$
< 3 cm  
>= 3 cm 

179 (69%)
80 (31%)

23
33

24%
24%

0.96

Drainage - preoperative
None
Percutaneous
Endoscopic
Both

60 (20%)
35 (11%)
157 (51%)
54 (18%)

47
23
29
19

36%
19%
30%
17%

0.02

Type of resection
  Bile duct resection alone  
  Right hemihepatectomy
  Left hemihepatectomy
  Extended right hepatectomy
  Extended left hepatectomy
  Segment 4b/5 resection
  Central hepatectomy

53 (17%)
25 (8%)
86 (28%)
89 (29%)
27 (9%)
24 (8%)
2 (1%)

23
23
25
26
44
30
-

18%
34%
33%
24%
42%
23%

-

0.44
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N (%) Median RFS 5-year RFS P-value univariable

Caudate resection*
Yes
No

137 (54%)
116 (46%)

26
29

30%
26%

0.67

Resection margin
Positive
Narrow
Wide

84 (27%)
54 (18%)
168 (55%)

19
24
39

15%
26%
34%

0.002

Lymph node involvement
Yes
No, less than 4 nodes
No, at least 4 nodes

78 (26%)
124 (41%)
104 (34%)

13
31
42

5%
30%
41%

<0.001

Tumor differentiation
Well
Moderate or poor

68 (23%)
228 (77%)

56
22

48%
19%

<0.001

Perineural invasion
Yes
No

211 (69%)
95 (31%)

22
40

23%
37%

0.004

Papillary tumor
Yes
No

57 (19%)
249 (81%)

55
23

47%
23%

0.005

T-stage – 7th edition
T0-2
T3-4

232 (76%)
74 (24%)

31
20

30%
17%

0.02

AJCC stage – 7th edition
0
1
2
3
4

11 (4%)
35 (11%)
133 (43%)
78 (26%)
49 (16%)

55
58
33
16
19

50%
48%
32%
12%
18%

<0.001

Adjuvant chemotherapy
Yes
No

24 (8%)
282 (92%)

13
29

0%
29%

<0.001

Adjuvant radiotherapy
Yes
No

25 (8%)
281 (92%)

15
29

0%
30%

<0.001

$ Tumor diameter on imaging missing in 47 (14%) of patients because it was missing in the report and imaging from the 
early nineties was not always available for review. 
*The results presented for caudate resection concerns only patients who had a liver resection.
RFS recurrence-free survival; Sem standard error of the mean

Table 1 (continued). Patient characteristics and univariable analyses for RFS.

The probability of an initial isolated local recurrence was 14% in patients with a wide negative 
resection margin, and 21% in patients with a narrow or positive margin (p=0.22). Caudate resection 
was not associated with initial isolated local recurrence (p=0.64) or a negative resection margin 
(p=0.39). Liver recurrence was less common at the resection margin representing local recurrence 
(8% of all patients) than intrahepatically representing distant recurrence  (13% of all patients). Of the 
eight patients with an initial abdominal wall recurrence, five patients (1.6%) had an initial isolated 
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abdominal wall recurrence, all at the site of the laparotomy scar. An initial isolated abdominal wall 
recurrence was not associated with biliary drainage approach: two patients underwent preoperative 
percutaneous biliary drainage, and three patients endoscopic drainage only.

Time to recurrence was similar for patients with an initial local or distant recurrence (p=0.46). Most 
patients with a time to recurrence of more than 5 years (n=15) had an initial distant recurrence 
without a preferred distant site. Median OS after recurrence was 8 months, and was also similar for 
patients with local and distant recurrence (p=0.91). OS at two years after diagnosis of a recurrence 
was 18% and at three years 5%.

Table 2. Initial recurrence after resection of PHC.

Site No. of 
recurrences 

% of all 177 patients 
with a recurrence*

% of all 306 
patients

Local

Liver hilum 34 19% 11%

Hepaticojejunostomy 23 13% 8%

Distal bile duct remnant 6 3% 2%

Liver resection margin 23 13% 8%

Distant

Liver intrahepatic 40 23% 13%

Retroperitoneal lymph nodes# 42 24% 14%

Peritoneum* 38 21% 12%

Lung or mediastinum 25 14% 8%

Abdominal wall/incision 8 5% 2%

Bone 3 2% 1%

Skin 1 1% 0%

Adrenal gland 1 1% 0%

Axillary or neck lymph nodes 2 1% 1%

Spleen 1 1% 0%

Totals

Number of recurrences 245

Number of patients with a recurrence 177 58%

Number of patients with an intial local recurrence 81 26%

Number of patients with an initial isolated local 
recurrence 

54 18%

Number of patients with an initial distant recurrence 123 40%

Note that patients can have an initial recurrence at more than one site. Consequently, total percentage of recurrence 
across all sites exceeds 100%.
# Includes periaortic, pericaval, and celiac artery lymph nodes.
* Includes positive cytology of ascites and omental metastases.
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Prognostic factors for time to recurrence
Figures 1B-D present the univariable probability of recurrence over time for the key prognostic 
factors. The independent poor prognostic factors for the time to recurrence were positive lymph 
nodes (HR 2.62, 95% CI, 1.90-3.63), evaluation of less than 4 lymph nodes (HR1.39, 95% CI, 1.03-
1.88), a positive or narrow resection margin (HR 1.51, 95% CI 1.12-2.04), and a poor or moderate 
tumor differentiation (HR 2.25, 95% CI 1.47-3.42).  Independent prognostic factors for the time to 
distant recurrence were the same factors as for any recurrence. Independent prognostic factors for 
the time to an initial isolated local recurrence were positive lymph node status (HR 2.65, 95%, 1.48-
4.69) and a positive or narrow resection margin (HR 1.95, 95% CI, 1.14-3.34).

Recurrence free survival
The median recurrence free survival (RFS) for all patients was 26 months (95% CI, 21-31). The 5-year RFS 
was 27% and the 10-year RFS 14%. Univariable analyses (Table 1) identified several poor prognostic 
factors for a poor RFS: male gender, preoperative bilirubin above 2 mg/dL, preoperative biliary drainage, 
positive or narrow resection margin, positive lymph node(s), less than 4 lymph nodes evaluated, moderate 
or poor tumor differentiation, non-papillary tumor, perineural invasion, lymphovascular invasion, T-stage 
3 or 4, and AJCC stage III or IV. Adjuvant chemotherapy and radiotherapy were both associated with a 
very poor RFS as explained by their strong associations with node-positive and margin-positive disease.

Multivariable analysis identified four independent prognostic factors for a poor RFS: a positive 
or narrow resection margin, positive lymph node(s), less than four lymph nodes evaluated, and 
moderate or poor tumor differentiation (Table 3). All other variables were not associated with RFS in 
multivariable analysis; caudate resection was not a prognostic factor for RFS. RFS beyond 7 years 
was not observed in 78 patients with node-positive disease, with only 6 patients censored due to 
incomplete follow-up. All other poor prognostic factors did not preclude RFS beyond 7 years. 

Table 3. Multivariable analysis for RFS.

Prognostic factor HR 95% CI for HR Multivariable p-value

Margin positive 1.42 1.05-1.91 0.02

Lymph node positive 3.06 2.15-4.34 <0.001

<4 lymph nodes evaluated 1.46 1.05-2.04 0.03

Moderate or poor differentiation 1.97 1.40-2.79 <0.001

RFS recurrence-free survival; CI confidence interval; HR hazard ratio

DISCUSSION
At eight years after resection of PHC in 306 patients, we found an estimated recurrence rate of 
76%. Five other studies with each more than 100 patients observed recurrence probabilities of 49% 
to 66% (Table 4). However, observed recurrence probabilities typically underestimate the actual 
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recurrence rate due to incomplete follow-up. Only one other study used survival analysis to account 
for incomplete follow-up.9 This study was limited to patients with margin-negative resection and 
recurrence rate estimates up to four years only. At four years the recurrence rate for patients with 
a negative-margin was similar to the present study (Figure 1B). However, we demonstrated that 
patients continue to have recurrences beyond four years follow-up until a plateau is reached at 
about eight years.

The high rate of recurrence up to eight years may justify prolonged postoperative surveillance. 
Guidelines, including the NCCN guideline, currently recommend considering surveillance imaging 
every six months for two years.13 We demonstrated that about half of the initial recurrences are 
diagnosed after this two year period. While this could justify surveillance beyond two years, it remains 
unclear whether early detection and treatment of a recurrence improves outcome. The efficacy 
of palliative chemotherapy has been demonstrated for patients with unresectable or metastatic 
cholangiocarcinoma, but this efficacy may not transfer to the setting of recurrence after a curative 

Figure 1. Cumulative probability of recurrence (local or distant) after curative intent resection for PHC with number 
of patients at risk. A: all patients, B: Margin wide, narrow, or positive, p=0.002. C: N0 (node-negative with at least 4 
evaluated lymph nodes), Nx (node-negative with less than 4 evaluated lymph nodes), versus N1 (node-positive), p<0.001. 
D: well versus moderately or poorly differentiated tumor, p<0.001.
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intent resection.21,22 Moreover, it remains to be determined whether patients with an initial isolated 
local recurrence benefit from early detection and re-resection or radiotherapy. Surveillance with CT 
of the chest could potentially benefit only 8% of patients in whom we found an initial recurrence in 
the lungs or mediastinum.

An initial isolated local recurrence was found in only 18% of patients. Three studies with more than 
100 patients reported an initial isolated local recurrence in 4% to 11% (Table 4). Kobayashi et al. 
found an initial isolated local recurrence in 10% of 78 margin-negative patients.9 In the present 
study, we classified retroperitoneal nodal recurrences as distant recurrences in accordance with the 
7th edition of the AJCC staging system.1 The study of Jarnagin et al. was performed prior to this 
7th edition and classified retroperitoneal nodal recurrences as locoregional recurrences, resulting 
in a higher estimate for initial isolated locoregional recurrence.8 The current definition of local 
recurrence appears appropriate because it includes the area that is typically resected for PHC. Local 
recurrences arise because microscopic disease is left behind inadvertently at the liver resection 
margin, distal bile duct remnant, hepaticojejunostomy, or anywhere else in the liver hilum. These 
truly local recurrences could in theory be avoided by more extensive resections. Neuhaus et al. have 
proposed a “hilar en bloc resection” involving a combined extended right hepatectomy with main 
portal vein resection in all patients.23 Unfortunately, this procedure has a high postoperative mortality 
and can only potentially benefit those 18% of patients with an isolated initial local recurrence. A 
hepatopancreatoduodenectomy has been advocated to avoid local recurrence at the distal bile 
duct remnant but is also associated with an increased postoperative mortality.24 The increased 
postoperative mortality after more extensive resections should be weighed against the potential 
reduction in local recurrence rate. Total hepatectomy with liver transplantation is the most extensive 
resection to avoid local recurrence. In a multicenter series of 287 transplanted PHC patients, only 
20% of patients had a recurrence after transplant (sites unspecified) with an RFS of 59% at 10 years, 
compared to 14% in the present study.25 However, the transplant study involved highly selected 
patients of whom 63% had primary sclerosing cholangitis (PSC) as underlying disease, only 6% 
had positive lymph nodes, and 10% underwent an additional pancreatoduodenectomy. Following 

Table 4. Studies evaluating recurrence in at least 100 patients after curative intent resection of PHC.

First author Year Country Sample size Median follow-up 
(months)*

Recurrence 
observed (%)

Isolated local 
recurrence (%)

Chen4 2009 China 138 35 49% 4%

Nuzzo6 2012 Italy 440 NR 55% NR

Song17 2012 Korea 230 NR NR 11%

Wahab7 2012 Egypt 159 NR 59% NR

Dumitrascu5 2013 Romania 106 68 66% 7%

Present study 2015 USA/NL 306 48 58% 18%

*Median length of follow-up for patients alive at last follow-up. NR: not reported, NL: Netherlands
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the strict criteria for liver transplantation for PHC (node-negative, tumor diameter < 3 cm, and stage 
T4 or underlying PSC), only 13 patients (4%) of the present study cohort would have qualified.  
Nevertheless, transplant outcomes compare favorably to resection even after excluding patients 
with PSC or node-positive disease.

Kobayashi et al. found a recurrence rate at 3 years of 80% in node-positive patients.9 This was 
similar to the present study, but Figure 1C demonstrates that the recurrence rate continues to 
rise and approximates 100% with adequate follow-up. RFS beyond 7 years was not observed in 
78 patients with node-positive disease. It appears from this study that node positive PHC cannot 
be cured with resection alone. Unfortunately, preoperative imaging has a low accuracy in detecting 
lymph node metastasis, so selection of patients with node-positive disease for alternative treatment 
strategies is not feasible with current imaging modalities.26 Patients with node-positive PHC may still 
benefit from a resection by resolving biliary obstruction and avoiding recurrent cholangitis associated 
with biliary drainage. Moreover, while cure may be unlikely, a resection in node-positive patients 
could still improve life expectancy. For example, although these results should be interpreted 
carefully due to selection bias, a recent study from Nagoya showed that survival in 120 patients who 
underwent resection of N1 node-positve PHC was worse compared to survival in 174 patients who 
underwent resection of node-negative PHC, but still better compared to survival of 118 patients 
who underwent surgery without  resection.19 However, these potential benefits should be weighed 
against a substantial risk of postoperative mortality of 10-11% in two large Western nation-wide 
cohorts and from 0% to 14% in a review of high-volume centers.3,6,27,28 Extensive resections with 
increased mortality to obtain clear margins are probably not justified in all patients with node-positive 
PHC.

Univariable analyses of RFS identified many poor prognostic factors. Node-positive disease was 
the most important independent poor prognostic factor, for both distant and local recurrence. More 
than half of the node-negative patients had less than 4 lymph nodes evaluated. Consequently, 
many of these node-negative patients may have harbored undetected positive lymph nodes, as 
reflected by the worse RFS as compared to node-negative patients with at least 4 lymph nodes 
evaluated. Evaluating at least 4 lymph nodes is unlikely to cure node-positive patients, but has been 
recommended for adequate staging.29 Tumor diameter on imaging or pathologic examination was 
not associated with RFS, contrary to findings in the liver transplant literature where transplant for 
PHC is not recommended for tumors of more than 3 cm in diameter.25 This may be explained by 
differences in patient and tumor characteristics as mentioned above. 

This study has several limitations. Firstly, surveillance imaging was at the discretion of the physician 
and patient, in accordance with the NCCN guidelines and justified by the absence of data to support 
aggressive surveillance. Imaging was performed at regular intervals in some patients and only when 
symptoms developed in other patients.13 This has likely resulted in an underestimate of the time to 
recurrence and the RFS. However, because of adequate follow-up this probably had little impact on 
outcomes at 5 or 8 years. Moreover, the interval between recurrence showing up on imaging and 
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causing symptoms can only be a few months, based on the median OS of 8 months after developing 
a recurrence. Secondly, an inherent limitation of time to recurrence analysis is that patients who die 
from other causes are censored at the time of death. The underlying assumption is that patients 
who died from other causes are lost from follow-up at random at the time of death. These patients 
may have been more or less likely to develop a recurrence if they would not have died. However, in 
the present study the resulting bias is probably small, because only 19 patients (7%) died of other 
causes. 

In summary, most patients recur after a curative intent resection of PHC, emphasizing the need 
for better adjuvant strategies. The high rate of recurrences up to 8 years may justify prolonged 
postoperative surveillance. Only patients with an isolated initial local recurrence (18%) could have 
benefited from a more extensive resection or liver transplantation, and future studies should aim to 
better identify these patients preoperatively. The presence of positive lymph nodes was the only poor 
prognostic factor precluding RFS beyond seven years. Node-positive PHC appears incurable with 
currently available treatment modalities.
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ABSTRACT
Objectives: This study was conducted to evaluate the prognostic value of, respectively, the 6th and 
7th editions of the American Joint Committee on Cancer (AJCC) staging system for patients with 
resected perihilar cholangiocarcinoma (PHC).

Methods: Patients who underwent resection of PHC between 1991 and 2012 were identified 
from prospective databases at two centers. Overall survival was estimated using the Kaplan–Meier 
method and compared across stage groups with the log-rank test. The concordance index and 
Brier score were used to compare the prognostic accuracy of the staging    systems.

Results: Data for a total of 306 patients were analysed. Staging according to the 7th edition 
upstaged 63% of patients in comparison with staging by the 6th edition. The log-rank P-value for 
both staging systems was highly statistically significant (P < 0.001). Staging according to the 6th 
edition categorized 93% of patients as having stage I or II disease, whereas staging according to 
the 7th edition distributed patients more equally across stages. Prognostic accuracy was similar 
between the staging systems: the concordance index was 0.59 and the Brier score 0.17 for both 
the 6th and 7th editions. The same prognostic accuracy was achieved using an alternative tumor–
node–metastasis (TNM) stage grouping simplified to four rather than six stage   groups.

Conclusions: The 6th and 7th editions of the AJCC staging system for PHC have similar prognostic 
accuracy. Other prognostic factors can potentially improve individual patient prognostication
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) accounts for about 60% of all cases of cholangiocarcinoma and 
has an annual incidence of one to two cases per 100 000 population. It involves the occurrence 
of tumors at or near the biliary confluence, arising between the origin of the cystic duct and the 
confluence of the second-order bile ducts.1 Tumors arising distal to the origin of the cystic duct 
are classified as lesions of distal cholangiocarcinoma, and tumors that are proximal to the left and 
right hepatic ducts are classified as lesions of intrahepatic cholangiocarcinoma. Patients with PHC 
typically present with symptoms arising from bile duct obstruction. Resection is the optimal treatment 
and facilitates a median overall survival (OS) of about 44 months.2 Unfortunately, at presentation the 
majority of patients has metastatic or locally advanced disease and consequently do not benefit 
from resection.

Several systems for staging PHC have been published. The Bismuth classification and the Blumgart 
T-stage focus on determining resectability using preoperative imaging.3,4  DeOliveira et al. recently 
introduced a new classification for PHC, including both radiologic and pathologic covariates.5 This 
classification is comprehensive, but remains to be validated. The American Joint Committee on 
Cancer (AJCC) staging still represents the staging system most widely used to determine prognosis 
and appropriate treatment, and to compare outcomes among centres.

In the 6th edition (2003) of the AJCC staging system, all patients with extrahepatic bile duct tumors 
were covered by a single classification.6 In the 7th edition (2010), perihilar (proximal) and distal 
cholangiocarcinoma were staged separately.1 Two important changes from the 6th to 7th editions 
for PHC concern the definitions of T-stage (Table 1). Firstly, invasion of the liver parenchyma was 
downstaged to stage T2b in the 7th edition from stage T3. Secondly, T4 was expanded to include 
the bilateral involvement of second-order bile ducts (Bismuth 4), and the unilateral involvement of 
second-order bile ducts and contralateral vascular involvement. With respect to N-stage, N2 was 
introduced as a new N-stage for metastases to lymph nodes beyond those in the hepatoduodenal 
ligament, including the periaortic and pericaval lymph nodes and those at the superior mesenteric 
artery or the coeliac artery.

Other changes concerned the distribution of T- and N-stages across the stage groups. Firstly, 
invasion beyond the bile duct wall (T2) was upstaged from stage Ib to stage II. Secondly, invasion of 
the unilateral branches of the portal vein or hepatic artery (T3) was upstaged from stage IIa to stage 
IIIa. Thirdly, regional lymph node metastasis was upstaged from stage IIb to stage IIIb. Fourthly, 
stage IV was expanded to include disease of T4 (IVa) and N2 (IVb) status, in addition to that of M1 
(IVb) status.

The objective of this study was to compare the prognostic accuracy of the 6th and 7th editions of 
the AJCC staging system in patients with resected PHC. Secondly, alternative stage distributions 
were evaluated to improve on the current AJCC staging.
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METHODS
Patient population
This study included patients for whom prospective data had been collected in databases at two centers: 
the Academic Medical Centre (AMC) in Amsterdam, the Netherlands, and the Memorial Sloan–Kettering 
Cancer Center (MSKCC) in New York, USA. The institutional review boards of each center approved 
the study. Consecutive patients with resected PHC were included. Perihilar cholangiocarcinoma was 
defined as cancer arising from the common hepatic duct (i.e. arising proximal to the origin of the cystic 
duct), biliary confluence, or main hepatic ducts (left or right) up to the confluence of the second-order 
bile ducts. Patients with papillary PHC and carcinoma in situ were also included. The study exclusion 
criteria excluded patients with final pathology indicative of a diagnosis other than PHC, patients who 
suffered in-hospital mortality, patients who underwent an R2 resection, and patients submitted to re-
resection after initial resection in another hospital. Data on patient demographics, laboratory studies, 
preoperative imaging, preoperative biliary drainage, type of surgery, pathology and OS were collected.

Table 1. American Joint Committee on Cancer (AJCC) staging system by tumor–node–metastasis (TMN) stage

6th edition 7th edition

Tumor (T) stage

T1 Tumor confined to the bile duct Tumor confined to the bile duct, with extension up to 
the muscle layer or fibrous tissue

T2 Tumor invades beyond the wall of the bile duct -

T2a - Tumor invades beyond the wall of the bile duct to 
surrounding adipose tissue

T2b - Tumor invades adjacent hepatic parenchyma

T3 Tumor invades the liver, gallbladder, pancreas, and/
or unilateral branches of the PV or HA 

Tumor invades unilateral branches of the PV or HA.

T4 Tumor invades main PV or its branches b/l, CHA, or 
other adjacent structures (such as colon, stomach, 
duodenum, abdominal wall)

Tumor invades main PV or its branches b/l, CHA, 
second-order bile ducts b/l, unilateral second-order 
bile ducts with contralateral PV or HA involvement

Node (N) stage

N0 No regional lymph node metastasis No regional lymph node metastasis

N1 Regional lymph node metastasis: hilar (along 
CBD, cystic duct , HA, PV),  celiac, periduodenal, 
perpancreatic,  SMA

Regional lymph node metastasis: hilar (along CBD, 
cystic duct, HA, or PV)

N2 - Metastasis to periaortic, pericaval, SMA, or celiac 
lymph nodes. 

Metastasis (M) stage

M0 No distant metastasis No distant metastasis 

M1 Distant metastasis Distant metastasis

PV, portal vein; HA, hepatic artery; CHA, common hepatic artery; SMA, superior mesenteric artery; CBD, common bile 
duct; b/l, bilateral.
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Patient management
Preoperative workup and patient selection for surgery were similar in both centres. Patients 
typically underwent cross-sectional imaging with computed tomography  (CT) of the chest, 
abdomen and pelvis and magnetic resonance cholangiopancreatography (MRCP) of the liver at 
or before initial referral, ideally prior to biliary drainage. Imaging allowed for evaluation of distant 
metastases, the biliary extent of the tumor, and involvement of the portal vein and hepatic artery. 
In recent years, preoperative biliary drainage of the presumed remnant liver was carried out 
percutaneously rather than endoscopically in order to minimize the bacterial contamination of 
the biliary tract. However, many patients had undergone endoscopic drainage before referral. A 
brush was typically performed at the time of preoperative biliary drainage. However, pathologic 
confirmation of malignancy was not required to proceed with surgical resection. Diagnostic 
laparoscopy to rule out distant metastatic disease was performed often, but not in all patients, 
given the decreasing yield as preoperative imaging improved over time. 7 With some exceptions, 
patients with involvement of the main portal vein, the portal vein bilaterally, the common hepatic 
artery or the hepatic artery bilaterally were considered unresectable. Patients with involvement 
of the second-order bile ducts were considered resectable if clear margins at the segmental 
bile ducts were anticipated. Fewer than 5% of all patients underwent preoperative portal vein 
embolization if the size and function of the future liver remnant were considered to be insufficient. 
Fewer than 5% of all patients underwent neoadjuvant therapy.

Staging
Table 2 presents the AJCC staging classification for both the 6th and 7th editions. Tumor 
stage was determined based on macroscopic and microscopic evaluations of the resected 
specimen. Evaluation of the biliary extent of the tumor was necessary to determine T4 stage 
in the 7th edition of the AJCC staging system. In fewer than 5% of patients, preoperative 
cross-sectional imaging was used if the pathology report was insufficiently detailed to determine 
the biliary extent of the tumor: isolated second-order biliary bile ducts were considered to be 
involved by the tumor. Evaluation of the vascular involvement of the tumor (portal vein or hepatic 
artery) was necessary to determine stages T3 and T4 according to both editions. In fewer than 
5% of all patients, preoperative cross-sectional imaging was used if the pathology report was 
insufficiently detailed to determine vascular involvement: the portal vein and hepatic artery were 
considered to be involved in cases of  occlusion,  obvious  narrowing  or  tumor  abutment of 
≥180 degrees.

Alternative tumor–node–metastasis stage groupings 
Two regroupings of tumor–node–metastasis (TNM) stages were compared across the 6th and 7th 
editions of the AJCC staging system. A regrouping of TNM stages was recently proposed by a 
Japanese multicenter study (Ebata staging).8 In this staging system, bilateral second-order bile 
duct involvement (Bismuth 4) was removed from the T4 definition. Moreover, T4N0 patients were 
downstaged to stage IIIb, and TanyN1 patients were upstaged to stage IVa.
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An alternative simplified regrouping of TNM stages was evaluated with only four stages: stage I 
represented disease that was confined to the bile duct (T1N0); stage II represented disease that 
extended beyond the bile duct (T2–4N0); stage III represented node-positive disease (TanyN1), and 
stage IV represented disease that included N2 nodes or distant metastasis (TanyN2 or TanyNanyM1).

Statistical analyses
Statistical analyses were performed using IBM spss Statistics for Windows Version 21.0 (IBM Corp., 
Armonk, NY, USA) and R (a language and environment for statistical computing) Version 3.0.2 for 
Mac (R Foundation for Statistical Computing, Vienna, Austria). Survival was measured from the date 
of surgery to the date of death or date of last contact prior to 1 January 2014. Survival probabilities 
were estimated using the Kaplan–Meier method and compared with the log-rank test. Overall 
survival was the primary outcome.

The concordance index and Brier score were used to compare the staging systems.9 The 
concordance index is a measure of discrimination used to evaluate whether a staging system can 
discriminate between two patients at different stages of disease. It is calculated as the probability 
that for a random pair of patients at different stages of the disease, the patient at the lower stage 
has a longer observed survival. A concordance index of 0.5 means that the predictive ability is no 
better than guessing; a concordance index of 1 means perfect prediction. Other AJCC staging 
systems were found to have a concordance index of about 0.70.10 When stage-specific survival 
is consistently higher or lower than the observed survival, this would be expected to remain 
undetected by the concordance index. Therefore, the Brier score is often used in combination with 

Table 2. American Joint Committee on Cancer (AJCC) staging system

6th Edition 7th Edition

Stage T N M Stage T N M

0 is 0 0 0 is 0 0

Ia 1 0 0 I 1 0 0

Ib 2 0 0 -

IIa 3 0 0 II 2 0 0

IIb 1-3 1 0 -

III 4 Any 0 IIIa 3 0 0

- - IIIb 1-3 1 0

IV Any Any 1 IVa 4 Any 0

- IVb Any 2 0

- Any Any 1

is, in situ carcinoma.
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the concordance index. The Brier score is a measure of the average difference between observed 
survival and predicted stage-specific survival. Lower Brier scores are better; a Brier score of 0 is 
perfect. Other AJCC staging systems were found to have Brier scores of about 0.16.10

RESULTS
Patients
A total of 306 consecutive patients submitted to surgery between 1991 and 2012 were identified. 
These included: 133 (43.5%) patients at AMC and 173 (56.5%) patients at MSKCC.  No patients 
were excluded for missing data on staging. Patient characteristics are summarized in Table 3. 
Median OS was 40 months (95% confidence interval: 34–46 months). A total of 103 patients (33.7%) 
were censored at a median follow-up time of 38 months. 

Stage transitions
Table 4 is a cross-tabulation presenting transitions for T-stages, N-stages and AJCC stages for the 
6th and 7th staging editions.

Survival across stages
Figure 1(a) and (b) presents Kaplan–Meier curves for OS for the four main stage groups of the 
6th and 7th editions. Findings of the log-rank test for both staging systems were highly statistically 
significant (P=0.002 and P<0.001, respectively). Figure 1(c) and (d) demonstrates that when all 
sub-stages were compared, separation of the curves further improved for both editions (P<0.001 
for both). Table 5 presents stage-specific median OS in patients staged according to both the 6th 
and 7th editions of the AJCC staging system. Figure 2a presents OS curves according to the Ebata 
staging, and Figure 2b according to the alternative staging.

Prognostic accuracy
Table 6 presents the concordance indices and Brier scores for all evaluated staging systems. 
Prognostic accuracy was remarkably similar across the AJCC staging systems. Expanding the 6th 
edition of the AJCC staging system with sub-stages did not improve prognostic accuracy; the 7th 
edition improved with sub-stages but its prognostic accuracy was similar to that of the 6th edition. 
The prognostic accuracy of both the Ebata staging system and the alternative staging system was 
similar to that of the AJCC staging systems.
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Table 3. Characteristics of 306 patients with resected PHC assessed in the present study 

Covariate N All AMC MSKCC

Gender, Male 306 179 (58%) 79 (59%) 100 (58%)

Age, mean (range) 306 63 (30-89) 62 (30-82) 64 (34-89)

Weight loss >5kg 266 169 (64%) 69 (62%) 100 (65%)

Jaundice 303 215 (71%) 104 (80%) 111 (64%)

Preop bilirubin in ml/dL, mean (range) 270 3.0 (0.2-35.6) 1.2 (0.2-8.7) 4.0 (0.2-35.6)

Bismuth
   1
   2
   3a
   3b
   4
  Left or right bile duct

306
58 (19%)
39 (13%)
79 (26%)
64 (21%)
43 (14%)
23 (8%)

20 (15%)
18 (14%)
39 (29%)
26 (20%)
18 (14%)
12 (9%)

38 (22%)
21 (12%)
40 (23%)
38 (22%)
25 (14%)
11 (6%)

Lobar atrophy
   No
   Right
   Left

300
211 (70%)
38 (13%)
51 (17%)

104 (81%)
15 (12%)
10 (8%)

107 (63%)
23 (13%)
41 (24%)

Portal vein involvement
   No 
   Right  
   Left
   Main
   Bilateral

272
176 (65%)
36 (13%)
54 (20%)
2 (1%)
2 (1%)

68 (67%)
11 (11%)
19 (19%)
1 (1%)
2 (2%)

108 (63%)
25 (15%)
35 (20%)
1 (1%)

0

Preoperative drainage
   No
   PTC
   ERCP
   Both

304
61 (20%)
51 (17%)
156 (51%)
36 (12%)

17 (13%)
11 (8%)

84 (64%)
19 (15%)

44 (25%)
40 (23%)
72 (42%)
17 (10%)

Type of resection
   Bile duct resection only
   Left hepatectomy
   Right hepatectomy
   Extended left hepatectomy
   Extended right hepatectomy
   Central hepatectomy

306
53 (17%)
88 (29%)
24 (8%)
25 (8%)
90 (29%)
26 (8%)

21 (16%)
37 (28%)
8 (6%)

15 (11%)
32 (24%)
20 (15%)

32 (19%)
51 (30%)
16 (9%)
10 (6%)
58 (34%)
6 (3%)

Caudate resection* 302 137 (45%) 74 (57%) 63 (36%)

Papillary tumor 306 56 (18%) 17 (13%) 39 (22%)

Positive margin 306 84 (28%) 39 (29%) 45 (26%)

Differentiated - good 297 69 (23%) 29 (23%) 40 (24)%

Lymphovascular invasion 299 78 (26%) 24 (19%) 54 (31%)

Perineural invasion 306 211 (69%) 91 (68%) 120 (69%)

Data are presented as n (%), unless stated otherwise. *The caudate resection rate is relatively low because 19% of the 
study population had a Bismuth 1 tumor: these patients typically did not undergo any liver resection. Moreover, in the early 
1990s, caudate resections were less commonly performed.
PTC, percutaneous transhepatic cholangiography; ERCP, endoscopic retrograde cholangiopancreatography.
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Table 4. Cross-tabulation of the 6th and 7th editions of the American Joint Committee on Cancer (AJCC) staging 
system: (a) T-stage, (b) N-stage and (c) AJCC stage. Each row shows how many patients at a specific 6th edition stage 
transitioned to other stages according to the 7th edition. Numbers in red refer to patients who moved to a different stage 
from the 6th to the 7th edition
A.

T-stage
7th edition

is 1 2a 2b 3 4 total

6th edition

is 11 11 (4%)

1 36 1 37 (12%)

2 90 5 95 (31%)

3 3 92 32 29 156 (51%)

4 7 7 (2%)

Total 11
4%

36
12%

93
30%

92
30%

32
10%

42
14%

306
100%

B.

N stage
7th edition

0 1 2 total

6th edition

0 228 228 (75%)

1 74 4 78 (25%)

Total 228
75%

74
24%

4
1%

306
100%

C.

AJCC stage
7th edition

0 I II IIIa IIIb IVa IVb total

6th edition

0 11 11 (4%)

Ia 35 1 36 (12%)

Ib 70 3 73 (24%)

IIa 63 20 17 100 (33%)

IIb 58 13 4 75 (25%)

III 7 7 (2%)

IV 4 4 (1%)

Total 11
4%

35
11%

133
43%

20
7%

58
19%

41
13%

8
3%

306
100%
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DISCUSSION
This study compared the 6th and 7th editions of the AJCC staging system in patients with resected 
PHC using prospective databases from two centres. The log-rank P-value across all sub-stages 
was highly statistically significant for both the 6th and 7th editions (P < 0.001). Prognostic accuracy 
was similar for both editions, with a concordance index of 0.59 and a Brier score of 0.17. The same 

Figure 1. Overall survival by stage without sub-stages according to the (a) 6th edition of the American Joint Committee 
on Cancer (AJCC) staging system main stage groups [data for patients with stage III (n=7) and IV (n=4) disease are not 
presented], and (b) 7th edition of the AJCC four main stage groups. Overall survival by stage and sub-stage according 
to the (c) 6th edition of the AJCC staging system, including subgroups [data for patients with stage III (n=7) and IV (n=4) 
disease are not presented], and (d) 7th edition of the AJCC staging system, including subgroups [data for patients with 
stage IVb (n=8) disease are not presented]
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prognostic accuracy was achieved using an alternative TNM stage grouping simplified to four rather 
than six stage groups (Figure 2b, alternative staging).

A study from Germany previously compared the 6th and 7th editions of the AJCC system.11 The 
authors of this study analysed data for all patients (n = 195) who underwent exploratory laparotomy 
for PHC with or without resection between 1998 and 2010. A disadvantage of including unresected 
patients is that the T-stage (with particular reference to vascular involvement and the biliary extent 
of the tumor) was determined on preoperative imaging and intraoperative assessment, without 
histologic verification. The authors of the study compared P-values derived from Cox proportional 

Table 5. Stage-specific median overall survival (OS) in months according to the 6th and 7th editions of the American Joint 
Committee on Cancer (AJCC) staging system. Median OS is not presented for 6th edition stages III (n=7) and IV (n=4). 
Differences in OS between the four main stage groups of the 6th and 7th editions were highly statistically significant (log-
rank P=0.002 and P<0.001, respectively), as well as when sub-stages were considered (both P<0.001)

6th edition AJCC 7th edition AJCC

N Median OS 95% CI N Median OS 95% CI

0 11 80 26-135 11 80 26-135

I 109 48 26-70 35 65 33-97

   Ia 36 65 33-98 - - -

   Ib 73 41 32-49 - - -

II 175 33 25-41 133 46 30-61

   IIa 100 48 35-61 - - -

   IIb 72 21 18-24 - - -

III - - - 78 27 22-32

   IIIa - - - 20 40 25-55

   IIIb - - - 58 26 19-34

IV - - - 49 24 19-28

   IVa - - - 41 26 17-35

   IVb - - - 8 17 3-31

Table 6. Predictive accuracy of the various staging systems. A high concordance index is better; a low Brier score is better

Accuracy Concordance Index Brier Score

AJCC sub-stages – 6th 0.59 0.17

AJCC sub-stages – 7th 0.59 0.17

AJCC main stages – 6th 0.60 0.17

AJCC main stages – 7th 0.54 0.17

Ebata staging 0.59 0.17

Alternative staging 0.60 0.17
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hazards modelling (P = 0.44 for the 6th edition and P = 0.0093 for the 7th edition) and concluded 
that the 7th edition better separated the survival curves of patients with stage II and III disease, 
respectively.

A study from Japan evaluated the 7th edition of the AJCC staging system and found that patients 
with T4 tumors (stage IVa) had better survival than patients with regional node-positive disease 
(stage IIIb), a finding confirmed in the present study.8 They proposed a modified staging system 
that was considered superior based on a higher chi-squared value. Validation using the data in the 
present study found the prognostic accuracy of this modified staging system to be similar to that 
of the 6th and 7th editions of the AJCC staging system (Table 6, Ebata staging). However, a higher 
proportion of patients in the Japanese series with Bismuth 4 or involvement of the main portal vein 
may have caused suboptimal validation.

The present study has several limitations. Firstly, this study is one of the largest Western series 
of patients with resected PHC (n = 306) to be reported in the literature, but its sample size is 
still insufficient to allow for the drawing of definitive conclusions about small modifications in the 
staging system. Secondly, this study included only resected patients. The advantage of this is that 
pathological confirmation of the TNM stage was available for all patients. The disadvantage is that 
the results cannot be extrapolated to patients who do not undergo resection because of distant 
metastasis or locally advanced disease. Only resected patients were included in this study because 
the assessment of both T-stage and N-stage is inaccurate without microscopic evaluation of the 
resected specimen. The evaluation of N-stage based on size cri- teria on cross-sectional imaging 
has been shown to be very inaccurate: only 37% of lymph nodes of >3 cm in diameter were found 
to be positive.12 Thirdly, in the present series, relatively few patients showed involvement of the 
main portal vein or common hepatic artery that required vascular resection and reconstruction. 
Centers around the world disagree about resectability criteria for patients with PHC. Some centers 
have published higher resection rates for patients with main or bilateral portal vein involvement.13,14 
Consequently, OS in stage IV patients in the present study differs from that in stage IV patients 
reported in studies that include more stage T4 patients.

The differences in prognostic accuracy between staging systems were very small (Table 6), which is 
not uncommon when comparing staging systems. The concordance index was 0.59 and the Brier 
score 0.17 for both the 6th and the 7th edition. The prognostic accuracy of both staging systems 
was modest, as compared to other cancers such as gastric cancer.10 Accuracy may have been 
better if disease-specific survival or recurrence-free survival instead of overall survival were used as 
primary outcome of the analyses. The proposed alternative staging is a simplified regrouping of TNM 
stages that could be considered for the next AJCC staging edition. However, the present study only 
considered patients who underwent resection.

Historically, the AJCC staging is based mainly on the anatomic extent of the tumor. Although 
non-anatomic factors have been introduced into the staging of some cancers (e.g. mitotic rate in 
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melanoma), with reference to PHC, the 6th and 7th editions of the AJCC staging system adhered to 
the anatomic extent of the tumor, as in all other hepatobiliary and pancreatic cancers.1 Several series 
of patients with PHC have identified independent prognostic factors, such as margin status, tumor 
differentiation and perineural invasion.14 Future research should investigate whether a combination 
of AJCC staging and non-anatomic independent prognostic factors can further improve individual 
patient prognostication.

Figure 2. Overall survival by stage in patients staged according to (a) Ebata staging [data for patients with stage IVb 
(n=5) disease are not presented], and (b) an alternative staging system [data for patients with stage IV (n=8) disease are 
not presented]
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ABSTRACT
Background: The objective of this study was to derive and validate a prognostic nomogram to 
predict disease specific survival (DSS) after a curative intent resection of perihilar cholangiocarcinoma 
(PHC).

Methods: A nomogram was developed from 173 patients treated at Memorial Sloan Kettering 
Cancer Center (MSKCC), New York, USA. The nomogram was externally validated in 133 patients 
treated at the Academic Medical Center (AMC), Amsterdam, The Netherlands. Prognostic accuracy 
was assessed with concordance estimates and calibration, and compared with the American Joint 
Committee on Cancer (AJCC) staging system. The nomogram will be available as web-based 
calculator at mskcc.org/nomograms.

Results: For all 306 patients, the median overall survival (OS) was 40 months and the median 
DSS 41 months. Median follow-up for patients alive at last follow-up was 48 months. Lymph node 
involvement, resection margin status, and tumor differentiation were independent prognostic factors 
in the derivation cohort (MSKCC). A nomogram with these prognostic factors had a concordance 
index of 0.73 compared to 0.66 for the AJCC staging system. In the validation cohort (AMC) the 
concordance index was 0.72, compared to 0.60 for the AJCC staging system. Calibration was good 
in the derivation cohort; in the validation cohort patients had a better median DSS than predicted 
by the model.

Conclusions: The proposed nomogram to predict DSS after curative intent resection of PHC had 
a better prognostic accuracy than the AJCC staging system. Calibration was suboptimal because 
DSS differed between the two institutions. The nomogram can inform patients and physicians, guide 
shared decision-making for adjuvant therapy, and stratify patients in future randomized controlled 
trials.
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INTRODUCTION
Perihilar cholangiocarcinoma (PHC) is the most common malignancy of the biliary tree, with an annual 
incidence in the United States of one to two per 100,000.1 PHC arises at or near the confluence 
of the right and left hepatic duct. Bile duct obstruction at the confluence causes painless jaundice 
and intrahepatic biliary dilatation on imaging. The majority of patients are not candidates for surgical 
resection because of locally advanced or metastatic disease at the time of presentation.2 Patients 
who can undergo a curative-intent resection have an associated median overall survival (OS) that 
varies from 19 to 39 months.3

Prognostic factors after resection of PHC have been identified, but prediction of long-term survival 
for individual patients remains inaccurate. The sixth and seventh editions of the AJCC staging 
systems for PHC were recently compared and found to both have modest prognostic accuracy.4 
Independent prognostic factors other than T-stage, N-stage, and M-stage have been identified, 
such as a positive resection margin, moderate or poor tumor differentiation, perineural invasion, and 
papillary tumors.5-9 When positive lymph nodes are not found, evaluation of less than four lymph 
nodes can cause understaging and is consequently an independent poor prognostic factor.10 In 
patients with a negative resection margin, a close or narrow resection margin was also found to 
be an independent poor prognostic factor.11 Combining these variables in a prognostic model may 
further improve survival predictions for individual patients after curative intent resection of PHC.

More accurate predictions for individual patients may improve identification of a high-risk 
group that may benefit from adjuvant treatment. Moreover, a better prognostic model will allow 
adequate stratification of patients in randomized controlled trials evaluating adjuvant treatments 
and enable adjustment for confounding factors when comparing outcomes across centers. Such 
a prognostic model has been developed for most other cancers, recently including intrahepatic 
cholangiocarcinoma.12 The objective of this study was to derive and validate a prognostic nomogram 
to predict disease specific survival (DSS) for patients who recovered from a curative intent resection 
of PHC in two independent large institutional cohorts.

METHODS
Patients
Two independent prospectively maintained databases were used, both including consecutive 
patients who underwent a curative intent resection for PHC. The patient series of Memorial Sloan 
Kettering Cancer Center (MSKCC, New York, United States) was used for development of the 
prognostic model; the patient series of the Academic Medical Center (AMC, Amsterdam, The 
Netherlands) was used for external validation. Patients were included from 1991 to 2012. All patients 
had a diagnosis of PHC confirmed at pathologic assessment of the resected specimen. Patients 
were included with tumors arising from the biliary confluence, right or left hepatic duct, or common 
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hepatic duct. Patients with carcinoma in situ were included because death due to recurrence or 
long-term complications of treatment was also observed in this subgroup. Patients with 90-day 
postoperative mortality were excluded since the objective of the prognostic model was to inform 
patients and physicians about individual cancer-specific prognosis after recovery from surgery. 

Patient selection for resection and perioperative management were similar between the two 
institutions. The main difference in treatment between centers was that all patients in AMC 
underwent preoperative radiation therapy with three fractions of 3.5 Gy in an effort to reduce 
postoperative seeding metastases.13 Adjuvant chemotherapy was not offered in the AMC because 
it was not reimbursed by Dutch health insurance; in MSKCC it was discretionary and discussed 
with the patient. Adjuvant therapy was defined as any chemotherapy or radiotherapy that was 
started within 3 months after surgery. The institutional review board (IRB) at both institutions 
approved this study.

Variables
Both databases included data on patient demographics, symptoms at presentation, co-morbidities, 
laboratory test results, cross-sectional imaging, preoperative biliary drainage, type of surgical 
resection, and pathology of the resected specimen. Evaluation of less than four lymph nodes can 
cause understaging of lymph node-negative patients, and was previously found to be an independent 
poor prognostic factor.10,14,15 Lymph node status was therefore divided into three groups: positive, 
negative with less than four lymph nodes evaluated, and negative with four or more nodes evaluated. 
Resection margin was also divided into three groups: a wide, narrow, or positive resection margin. 
A wide margin was defined as no adenocarcinoma present at both the specimen margin and any 
additional bile duct margins. A narrow margin was defined as the presence of adenocarcinoma at 
the specimen margin with a negative additional bile duct margin. A positive margin was defined 
as the presence of adenocarcinoma at both the specimen margin and any additional bile duct 
margins.11 Preoperative tumor markers (CA 19-9 and CEA) were not considered because of missing 
values in the majority of patients.

Survival was measured from the date of surgery to the date of death. Patients were censored when 
alive at the date of last contact. The primary outcome measure was DSS.

Statistical analysis
Statistical analyses were performed using SPSS (Statistical Package for the Social Sciences), version 
22, and R (a language and environment for statistical computing), version 3.0.2. Proportions were 
compared with Fischer’s exact or chi square test; means were compared with t-test. Univariable 
analyses were conducted in the derivation cohort by Kaplan-Meier estimates of survival probabilities, 
partial likelihood estimation for hazard ratios and the log-rank and score tests for comparisons. A 
Cox proportional hazard regression model was used for multivariable modeling. Variables were a 
priori screened for clinical significance based on published multivariable analyses with large patient 
series.5-9
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A nomogram was produced to make patient-specific predictions. The predictive ability of the model 
was first assessed using concordance probabilities (c-statistic). The concordance probability is the 
chance that for any two patients, the one with the longer observed DSS also has a longer predicted 
DSS. Next, model calibration was checked on the derivation and external validation cohort. Patients 
were stratified in four quartiles based on their nomogram score. Predicted and observed (Kaplan-
Meier estimated) DSS were compared for each quartile. Comparison with the AJCC staging system 
was performed using concordance probabilities.

RESULTS
Patients and variables
The derivation cohort (MSKCC) consisted of 173 consecutive eligible patients who had a resection 
of PHC. The validation cohort (AMC) consisted of 133 consecutive eligible patients. Table 1 
compares patient characteristics and treatments of the two cohorts. Patients in the derivation cohort 
were on average 3 years older, were more frequently operated on in the 1991-2001 period (50% 
versus 33%), had a higher preoperative bilirubin (3.9 versus 1.1 mg/dL), were more likely to undergo 
preoperative percutaneous biliary drainage without endoscopic drainage (17% versus 4%) or an 
extended right hepatectomy (33% versus 24%), and less likely to undergo a caudate resection (34% 
versus 57%). In the derivation cohort 24 patients (14%) received adjuvant chemotherapy and 25 
patients (14%) adjuvant radiotherapy; none of the patients in the validation cohort received adjuvant 
chemotherapy or radiotherapy.

Survival outcomes
The median OS in the study cohort (n=306) was 40 months; the median DSS was 41 months. 
Estimated OS at 5 years was 35% and at 10 years 17%. DSS at 5 years was 38% and at 10 years 
21%. At last follow-up, 213 patients (70%) had died; only 18 patients (8% of all deaths) had died 
from causes other than PHC or complications of its management. Median follow-up for patients alive 
at last follow-up was 48 months. The median DSS differed between the cohorts: 38 months in the 
derivation and 49 months in the validation cohort (p=0.02).

Univariable and multivariable analysis
Table 2 presents the results of univariable and multivariable analysis in the derivation cohort 
(MSKCC, n=173). Lymph node involvement, resection margin status, and tumor differentiation were 
the only statistically significant independent prognostic factors in the derivation cohort. Adjuvant 
chemotherapy and radiotherapy were strong poor prognostic factors; however, this association 
disappeared after adjusting for margin status and lymph node status. None of the covariates in Table 
1 that differed between the cohorts was a statistically significant independent prognostic factor. 
Uni- and multivariable analyses in the validation cohort were similar to the derivation cohort (results 
not shown here).
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Table 1. Patient characteristics.

MSKCC (n=173) AMC (n=133) p-value

Female gender 73 (42%) 54 (41%) 0.82

Age (median, range) 65 (34-89) 62 (30-82) 0.01

Bilirubin – preoperative (mean, sem) 3.9 (0.45) 1.1 (0.11) <0.001

Lobar atrophy on imaging
None
Left
Right

108 (62%)
41 (24%)
24 (14%)

81 (72%)
15 (13%)
16 (14%)

0.13

Portal vein involvement on imaging
None  
Main/bifurcation/bilateral
Left
Right

108 (62%)
4 (2%)

36 (21%)
25 (14%)

68 (64%)
4 (4%)

21 (20%)
13 (12%)

0.85

Bismuth classification
Left or right duct only
1
2
3A - right
3B - left
4

11 (6%)
37 (21%)
22 (13%)
40 (23%)
38 (22%)
25 (14%)

13 (10%)
20 (15%)
17 (13%)
39 (29%)
26 (20%)
18 (14%)

0.59

Blumgart classification2

T1
T2
T3

81 (47%)
66 (38%)
26 (15%)

63 (56%)
28 (25%)
21 (19%)

0.07

Tumor diameter on imaging 
> 3 cm 
Mean (sem)

33 (29%)
2.34 (0.16)

48 (30%)
2.33 (0.16)

0.78

Drainage - preoperative
None
Percutaneous
Endoscopic
Both

44 (25%)
29 (17%)
73 (42%)
27 (16%)

16 (12%)
5 (4%)

85 (64%)
27 (20%)

<0.001

Type of resection
Bile duct resection alone  
Right hemihepatectomy
Left hemihepatectomy
Extended right hepatectomy
Extended left hepatectomy
Segment 4b/5 resection

32 (18%)
17 (10%)
49 (28%)
57 (33%)
12 (7%)
6 (3%)

21 (16%)
8 (6%)

37 (28%)
32 (24%)
15 (11%)
2 (2%)

0.007

Caudate resection* 63 (36%) 74 (57%) <0.001

Resection margin
Positive
Narrow
Wide

45 (26%)
30 (17%)
98 (57%)

39 (29%)
24 (18%)
70 (53%)

0.76

Lymph node involvement
Yes
No, less than 4 nodes
No, at least 4 nodes

51 (29%)
72 (42%)
50 (29%)

28 (21%)
52 (39%)
53 (40%)

0.06

Well-differentiated 40 (24%) 28 (22%) 0.78
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Prognostic models
Figure 1 is a nomogram representing the prognostic model derived from the derivation cohort 
(MSKCC). The c-statistic of this nomogram was 0.73 compared to 0.66 for the seventh edition 
of the AJCC staging system. The c-statistic of the nomogram in the validation cohort (AMC) was 
0.72, compared to 0.60 for the seventh edition of the AJCC staging system. Figure 2 compares 
the predicted DSS at five years with the observed DSS in the derivation cohort (MSKCC) for four 
quartiles of patients stratified by nomogram score. Table 3 compares the predicted DSS at three 
and five years with the observed DSS in the validation cohort (AMC). A web-based calculator is 
available at mskcc.org/nomograms to predict DSS at 3-years and 5-years after curative intent 
resection of PHC. 

DISCUSSION
A prognostic model was derived and externally validated to predict DSS after curative intent 
resection of PHC. The model was presented as a nomogram and web-based calculator (available 
at mskcc.org/nomograms) based on three independent prognostic factors that are present in the 
pathology report of every resected PHC: lymph node involvement and count, resection margin 
involvement including additional margins, and tumor differentiation. The nomogram showed good 
discrimination with a concordance index of 0.73 in the derivation cohort and 0.72 in the validation 
cohort. Calibration was good in the derivation cohort; in the validation cohort patients had a better 

MSKCC (n=173) AMC (n=133) p-value

Perineural invasion 120 (69%) 91 (68%) 0.90

Papillary tumor 39 (23%) 18 (14%) 0.05

AJCC stage – 7th edition
0
1
2
3
4

8 (5%)
20 (12%)
73 (42%)
45 (26%)
27 (16%)

3 (2%)
15 (11%)
60 (45%)
33 (25%)
22 (17%)

0.84

Year of surgery, 1991-2001 87 (50%) 44 (33%) 0.003

Adjuvant chemotherapy 24 (14%) 0 <0.001

Adjuvant radiotherapy 25 (14%) 0 <0.001

*The percentage of caudate resection is relatively low because of a large proportion of Bismuth 1 patients who had a bile 
duct resection without liver resection, and patients operated on in the 90s when caudate resections were less commonly 
performed.
Cross-sectional imaging and/or imaging reports were missing for some patients in the validation cohort, resulting in 
missing values for lobar atrophy on imaging (n=21), portal vein involvement on imaging (n=27), and Blumgart classification 
(n=21).
Sem, standard error of the mean.

Table 1 (continued). Patient characteristics.
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Table 2. Univariable and multivariable analysis for DSS in the derivation cohort (MSKCC, 173 patients).

Covariate Univariable
p-value

Multivariable
p-value*

Multivariable
HR (95% CI)

Lymph node involvement
Yes
No, <4 nodes evaluated
No, at least 4 nodes evaluated

<0.001 <0.001
3.11 (1.88-5.12)
1.43 (0.87-2.37)

reference

Moderate/poor differentiation <0.001 <0.001 2.48 (1.46-4.21)

Resection margin
Positive
Narrow
Wide

<0.001 <0.001
2.45 (1.58-3.80)
1.65 (1.01-2.72)

reference

Perineural invasion <0.001 0.13

Papillary tumor <0.001 0.36

AJCC stage – 7th edition <0.001 0.85

Preoperative bilirubin 0.004 0.10

Drainage – preoperative 0.011 0.20

Lobar atrophy 0.02 0.06

Bismuth classification 0.04 0.26

T-stage 3 or 4 – 7th edition 0.005 0.69

Adjuvant chemotherapy 0.02 0.89

Adjuvant radiotherapy 0.002 0.75

Gender 0.08

Portal vein involvement 0.79

Tumor diameter > 3 cm 0.46

Age (<65 versus >65 yrs) 0.95

Type of liver resection 0.18

Caudate resection 0.39

Year of surgery (1991-2001 versus 2002-2012) 0.22

*Multivariable p-values when covariates were added (one at a time) to a model with lymph node involvement, tumor 
differentiation, and resection margin. HR, hazard ratio; CI, confidence interval.

median DSS than predicted by the model. The nomogram clearly outperformed AJCC staging. The 
nomogram can inform patients about their prognosis, guide shared decision-making for adjuvant 
therapy, and stratify patients in future randomized controlled trials.

The National Comprehensive Cancer Network (NCCN) guideline recommends consideration of 
adjuvant treatment after resection of PHC, in particular for patients with a positive resection margin 
or nodal disease.16 While the benefit of systemic chemotherapy with gemcitabine and cisplatin 
was demonstrated in the palliative setting, no randomized controlled trial has been reported in the 
adjuvant setting.17 The NCCN recommendation is based on a meta-analysis for adjuvant treatment 
of patients with any biliary cancer, including retrospective series and only one randomized controlled 
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Figure 1. Nomogram. The predicted 3-year and 5-year DSS can be read from this nomogram in two steps:
Draw a vertical line for each prognostic factor (Margin, Nodes, Differentiation) from its appropriate value (e.g., for Margin 
the values are “Wide”, “Narrow”, and “Positive”) to the axis termed “Points” at the top of the figure. The points assigned 
for the value of each prognostic factor can be read where the vertical line crosses the “Points” axis.
Add the three point scores determined at step 1 and find the sum score on the axis termed “Total Points”. Determine the predicted 
3-year and 5-year DSS by drawing a vertical line from the sum score on the axis termed “Total Points” down to the 3-year and 5-year 
DSS axes. The predicted 3-year DSS can be read where the vertical line crosses with the axis termed “3-year DSS”.

trial for gallbladder cancer.18 The greatest benefit was found for margin-positive patients with an 
OR of 0.36 [95% CI: 0.14-0.92] and for node-positive patients with an OR of 0.49 [95% CI: 0.30-
0.80]. The proposed nomogram demonstrates that margin- or node-positive patients are not the 
only subgroup with a poor prognosis. Margin- and node-negative patients with a moderate or poor 
tumor differentiation have a predicted 5-year DSS of 52%, which is similar to margin- or node-
positive patients. The predicted 5-year DSS drops further for patients with a moderate or poor tumor 
differentiation who also have a close margin (DSS 35%) or less than four lymph nodes evaluated 
(DSS 40%). In the absence of definitive evidence regarding the benefit of adjuvant treatment after 
resection of PHC one might assume that these patients with a poor predicted 5-year DSS have a 
similar benefit from adjuvant chemotherapy as margin- or node-positive patients. The presented 
nomogram also identifies patients with a favorable predicted 5-year DSS of more than 75%, who 
seem less likely to benefit from adjuvant treatment. These patients have well-differentiated tumors 
and either no additional risk factor, a narrow resection margin, or less than four lymph nodes 
evaluated. They represent about 15% of all patients with resected PHC. Better evidence about which 
patients benefit from adjuvant chemotherapy after resection of biliary tract cancers including PHC is 
anticipated from two large randomized controlled trials (clinicaltrials.gov identifiers: NCT00363584, 
NCT01313377, and NCT02170090).
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Figure 2. Calibration of the nomogram on the derivation cohort (MSKCC, n=173). Predicted DSS at 5 years is compared 
with observed DSS for four quartiles of patients stratified by nomogram score.

 

Table 3. Calibration of the nomogram on the validation cohort (AMC, 133 patients).

Quartile based on nomogram score Predicted DSS Kaplan-Meier estimated DSS

3-year DSS
1
2
3
4

24%
29%
36%
45%

21%
45%
55%
64%

5-year DSS
1
2
3
4

11%
16%
22%
29%

10%
32%
39%
47%

Predicted DSS at 3 and at 5 years is compared with observed DSS for four quartiles of patients stratified by nomogram 
score.

The multivariable analysis in the derivation cohort of this study confirmed the prognostic factors known 
from the literature.7-11 However, perineural invasion and papillary tumors were strong prognostic factors 
in the derivation cohort, but not independent prognostic factors due to correlation with other factors. 
The only published prognostic model for PHC is a risk score based on 96 patients and calculated 
with age, T-stage, margin status, and adjuvant chemoradiation.19 Two prognostic models have been 
developed for extrahepatic cholangiocarcinoma, which included both patients with perihilar and 
distal cholangiocarcinoma. The first model was based on the same prognostic factors as this study, 
although the number of evaluated lymph nodes and the difference between a wide and narrow margin 
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were not accounted for. This model had a lower concordance index of 0.67.20 The second model for 
extrahepatic cholangiocarcinoma was based on sex, age, tumor differentiation, lymph node status, 
perineural invasion, and tumor location and had a considerably worse concordance index of 0.63.21 
These three previously published prognostic models have not been externally validated. The Bismuth 
classification22 and Blumgart staging2 both aim to predict resectability rather than survival.

This study has several limitations. Firstly, the calibration was suboptimal in the validation cohort, while 
the discrimination was good. A suboptimal calibration is common with external model validation due 
to differences in patient and tumor characteristics as well as management. In a literature review of 
patients undergoing curative intent surgery for PHC, the median OS ranged from 19 to 39 months 
across series with more than 100 patients.3 In light of this wide range in OS, it is less surprising 
to find a difference of 11 months in median DSS between the derivation and validation cohort. A 
statistically non-significant difference in patients with positive lymph nodes (29% in derivation and 21% 
in validation cohort) may explain the difference in OS to some extent. Another explanation is that in 
the validation cohort the majority of patients were operated in the more recent period, although the 
year of surgery was not a prognostic factor. Finally, preoperative radiation in the validation cohort could 
also have contributed to a difference in OS although evidence for the benefit of radiation is lacking.13 
A second limitation involves the sample size of both cohorts. While the sample size in this study was 
comparable to nomograms for other less common cancers,23,24 a larger sample size may have further 
improved this model. However, no other Western single center series of resected PHC with more than 
100 patients has been published.3 Thirdly, about 40% of patients in both cohorts had less than four 
lymph nodes evaluated. These patients were potentially understaged because insufficient nodes were 
sampled to rule out nodal metastasis. Collecting at least four lymph nodes has been recommended, 
because node-negative patients had a worse prognosis if less than four lymph nodes were evaluated.14 
However, while lymphadenectomy is a standard part of the procedure, most series still have a high 
percentage of patients with less than four lymph nodes evaluated. This limitation has been largely 
resolved by including the number of evaluated lymph nodes in the nomogram. Fourthly, while the 
tumor marker CA19-9 is a known prognostic factor for patients with PHC, it could not be evaluated in 
the current study because of missing values in most patients.25 Prospective studies should evaluate 
CA 19-9 and specify whether it was measured before or after adequate biliary drainage. Fifthly, patients 
were included in both cohorts over a long period spanning two decades. Although some changes in 
management have occurred over time, the year of resection was not a prognostic factor.   

In conclusion, the proposed nomogram predicts DSS after curative intent resection of PHC based 
on lymph node involvement and count, resection margin involvement including additional margins, 
and tumor differentiation. The concordance index was good in both the derivation and the validation 
cohorts and clearly better than the AJCC staging. However, calibration was suboptimal because 
DSS differed between the two institutions. The nomogram can be used to inform patients after 
curative intent resection of PHC, guide adjuvant treatment decisions, and stratify patients in future 
adjuvant randomized controlled trials.
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ABSTRACT
Background: Lymph node metastases on routine histology are a strong negative predictor for 
survival after resection of perihilar 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 node-negative (pN0) 
perihilar cholangiocarcinoma on routine histology.

Methods: Between 1990 and 2010 a total of 146 patients underwent curative-intent resection of 
perihilar 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).

Conclusions: Lymph node micrometastases are associated with worse survival after resection 
of perihilar cholangiocarcinoma. Immunohistochemical detection of lymph node micrometastases 
leads to better staging of patients who were initially diagnosed with node-negative (pN0) perihilar 
cholangiocarcinoma on routine histology.
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INTRODUCTION
Perihilar 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 breast,9 lung,10 esophagus,11 
stomach,14-17 colon,18-19 and gallbladder.20,21 Regarding perihilar 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) perihilar 
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 perihilar 
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 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 
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head and dissected free. In accordance with the American Joint Committee on Cancer (AJCC 
seventh edition)25 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 AJCC.25 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, 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 months (range: 8 months - 20 
years).

Recurrences were defined as any new lesion on imaging that was highly suspicious for recurrence 
of perihilar cholangiocarcinoma. Pathologic confirmation was often obtained, but not required. 
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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 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 two-sided 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. 
Postoperative death during hospital admission (in-hospital mortality) occurred in 11 of 91 patients 
(12%), who were subsequently excluded from the survival analyses. In-hospital 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 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 
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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).    

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). 

Figure 1. Cytokeratin 19 positive metastatic tumor cells in regional lymph nodes from  resected perihilar cholangiocarcinoma 
specimens.  (A)  Micrometastases consisting of 2 small tumor glands (objective 4x). (B) Micrometastases consisting of 
single tumor cells (arrow, objective 4x). 
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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).

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 perihilar cholangiocarcinoma (Hazard ratio 2.43, 
95% CI: 1.16 – 5.10) (Table 2). 

Table 1. Clinicopathologic characteristics of patients after curative intent resection for perihilar cholangiocarcinoma with 
and without lymph node micrometastases. Patients with in-hospital mortality (n=11) were excluded from the analyses.

Lymph node micrometastases
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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Figure 2. Survival after resection for perihilar 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=0.54 (log rank test).

 

Figure 3. Cumulative probality of reccurence after resection for perihilar 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 (n=11) were excluded from the analysis. P=0.06 (log-rank test).
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Table 2. Univariable and multivariable analysis of survival in patients with perihilar cholangiocarcinoma classified as pN0 
based on routine histological examination*. 

UNIVARIABLE ANALYSIS

Variable No. patients % 5-year survival P-value 

Age (yr)

<60 

≥ 60 yrs)

30 (38%)

50 (62%)

43

55

0.38

Gender 

Male 

Female

42 (53%)

38 (47%)

49

52

0.71

Type of hepatectomy** 

Left 

Right

45 (63%)

27 (37%)

50

40

0.40

pT stage***

T1

T2a and 2b

T3 and 4

14 (17%)

52 (66%)

14 (17%)

71

47

41

0.37

Perineural invasion 

Negative 

Positive

33 (41%)

47 (59%)

47

53

0.60

Lymph node micrometastases 

Negative

Positive

69 (86%)

11 (14%)

54

27 0.01

Microscopic resection margin status

Negative 

Positive

56 (70%)

24 (30%)

56

38 0.09

MULTIVARIABLE ANALYSIS

Variable Hazard ratio 95% Confidence Interval P-value

pT stage***

T1

T2a and T2b

T3 and T4 

Reference category

1.55

1.25

0.64 – 3.75

0.42 – 3.76

0.33

0.69

Lymph node micrometastases 2.43 1.16 – 5.10 0.02

Microscopic resection margin status 1.54 0.85 – 2.80 0.16

*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 perihilar 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 perihilar cholangiocarcinoma and these studies have shown contradictory results.22-24 
Yonemori et al 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).24 A subgroup analysis of patients with perihilar 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 al 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.23 By contrast, 
Taniguchi et al found lymph node micrometastases in 14 (3.3%) of 423 lymph nodes and 11 of 28 
patients (39%) and these authors reported a significantly lower survival rate in patients with lymph 
node micrometastases.22

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 
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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 sections versus 27% in the study with 8 serial sections.23,24 Recent studies of 
cancer of the breast,28 lung,29 stomach,30 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 series,33-34 and in accordance with the AJCC/UICC Guidelines which 
recommend that at least 3 lymph nodes should be harvested for adequate staging of perihilar 
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 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 included.5 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 
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(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 perihilar 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 perihilar cholangiocarcinoma. 
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ABSTRACT
Background and Aim: Cholangiocarcinomas of different locations differ in growth patterns, 
symptoms, treatment response, and survival. Still, they are regarded in many studies as a uniform 
malignancy. Because intra- (iCCA) and extrahepatic (eCCA) cholangiocarcinoma display such 
differences, we performed a systematic review and meta-analysis to analyze differences in the 
immunohistochemical profile of these tumors.

Methods: In February 2014, we searched the two main medical literature databases MEDLINE and 
EMBASE. We extracted risk ratios (RRs) and 95% confidence intervals from the identified studies 
and performed random-effects model meta-analyses in accordance with PRISMA and REMARK 
guidelines.

Results: A total of 54 cohort studies, including 4458 patients and studying 102 individual markers 
met the inclusion criteria. Of the 57 markers that were evaluated in more than 30 iCCA and eCCA 
patients, 18 showed a statistically significant difference in expression between iCCA and eCCA. 
Biomarkers expressed differently between iCCA and eCCA included potential targets of therapy: 
EGFR, c-erbB-2 and VEGF-A. Several markers showed no statistical difference, but large 95% 
confidence intervals suggesting insufficient sample size.

Conclusions: This systematic review shows differences in marker expression between iCCA and 
eCCA. Consequently, patients with iCCA and eCCA may benefit from different treatment strategies.
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INTRODUCTION
Cholangiocarcinoma (CCA) develops from epithelial cells of the biliary tract, either within the liver 
or from the extrahepatic bile ducts. Anatomically, classifications distinguish intra- (iCCA) or extra-
hepatic CCA (eCCA), and eCCA is further divided into hilar CCA located at the liver hilum, or distal 
CCA located near the pancreas. The 7th edition of the American Joint Committee on Cancer staging 
system introduced a separate staging for intrahepatic, perihilar, and distal Cholangiocarcinoma.1

Studies evaluating chemotherapy often combine CCA regardless of location.2 However, iCCA and 
eCCA differ in risk factors, etiopathogenesis, growth patterns, symptoms, incidence of metastases, 
staging, treatment, and survival.3,4 In a previous meta-analysis, we studied the prognostic impact 
of various immunohistochemical markers in Cholangiocarcinoma.5 Some studies included both 
patients with iCCA and eCCA. In the present study, we sought to examine whether IHC markers 
can distinguish between iCCA and eCCA. Such differences could have considerable impact on 
therapeutic strategies in the era of personalized medicine.

Numerous studies have investigated molecular markers in CCA at the level of protein expression.5 
A few studies have addressed the hypothesis that iCCA and eCCA differ in protein expression, and 
compared protein expression of iCCA and eCCA using immunohistochemistry (IHC).6,7 However, 
these studies are limited by small patient numbers, and by a restricted number of evaluated proteins. 
We performed a systematic review, aimed to test the hypothesis that iCCA and eCCA differ in their 
expression profile of immunohistochemical marker proteins.

METHODS
Search strategy
A comprehensive search was performed to identify all original articles that applied IHC to assess 
the presence of specific markers, in resected CCA specimens. We searched the two main 
medical literature databases (MEDLINE [January 1966- February 2014], and EMBASE [January 
1980-March 2011]) using the following search criteria: (Bile duct OR cholangio* OR biliary 
tract OR klatskin) AND (Cancer OR adenocarcinoma OR carcinoma) AND (immunohistoch*). 
The search was designed to be broad and sensitive, and limited to the English language. Peri-
ampullary and gallbladder carcinoma series were excluded from this review. All review articles, 
letters, comments, studies published in the abstract form only, and case series with less than 
ten patients were eliminated. Abstracts were screened to identify potentially relevant articles 
by two authors (AR and BG) independently. Discrepancies in judgement were resolved by 
discussion. Subsequently, the full texts were obtained. If the same IHC dataset was presented 
in multiple articles, only the most recent results were used for the review. However, when 
different markers were evaluated in the same IHC dataset in different studies, each marker 
was included.  
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Inclusion and exclusion criteria
The inclusion criteria for this review were based on the published guidelines (REMARK) for reporting 
IHC-based tumor marker studies.8  In addition, we applied quality assessment criteria that have 
been used in previous cancer biomarker evaluations.9-11 Studies were included if they dealt with 
a well-defined study population with justification for excluded cases, if IHC was done on primary 
resected cholangiocarcinoma specimens or autopsy specimens, if there was a clear description 
of the reference group (what is negative), and if the studies had a clear description of methods 
for tissue handling and IHC, including antigen retrieval, selection, and preparation. Furthermore, 
cholangiocarcinoma had to be defined as biliary intraepithelial carcinoma neoplasia or intraductal 
papillary neoplasm of the bile duct, but not cholangiolocellular carcinoma, and there had to be a 
clear definition of the location of the CCA. As this review was aimed to detect differences between 
iCCA, and eCCA, studies that failed to report the location of the CCA were excluded. Finally, studies 
needed a direct head-to-head comparison of iCCA and eCCA to be eligible for inclusion in the 
analysis.

Data extraction
The full manuscripts of potentially relevant articles were reviewed. The following characteristics were 
extracted from the manuscripts (AR): institution of primary author, site of tumour, number of patients, 
whole slide or tissue micro array (TMA), compartment (cytoplasmic [C], membranous [M], nuclear 
[N], or stromal [S]), evaluated proteins, criteria of the reference group (definition of positivity), and the 
proportion of patients expressing a specific marker. When expression of markers was evaluated in 
stromal cells instead of tumour cells, data were evaluated separately. 

Assessment of study quality and publication bias
The study quality of included studies was assessed by using the modified risk of bias tool 
recommended by the Cochrane Collaboration as described previously.12,13 Funnel plot 
analyses were used to evaluate publication bias for biomarkers that were evaluated in 4 or 
more studies.14

Statistical analysis
Risk ratios (RR) were calculated of the proportions of expression of the marker in iCCA and eCCA. 
Subsequently, we pooled these RR using random effects modelling according to the DerSimonian–
Laird method for markers that were evaluated in multiple studies.15 All estimates were calculated with 
95% confidence intervals (CIs). Forest plots were used to present the results of pooled analyses. 
Interstudy heterogeneity was assessed by the I2 statistic.16 The degree of heterogeneity among 
studies was investigated for each protein using χ2-tests (Q statistic) and the I-squared measure 
(I2 statistic). P values of <0.05 were considered as statistically significant. All markers that were 
evaluated in at least 30 iCCA, and 30 eCCA patients were combined in one Forest plot showing 
the RRs with corresponding CIs (figure2). All statistical analyses were performed using REVMAN 
systematic review and meta-analysis software package version 5.1 (Cochrane Collaboration; www.
cochrane.org).
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RESULTS
Excluded articles
The initial search yielded 2634 articles (Figure 1). A total of 739 were duplicate studies. Based 
on review of the articles’ abstracts, 1261 articles were excluded. The most frequent reasons 
for exclusion were that the study concerned a different diagnosis (especially gallbladder or peri-
ampullary cancer) (857), or IHC was not performed (382).

Of the remaining 634 articles selected for full text review, another 580 were excluded, predominantly, 
because they did not report a clear definition of positivity, or did not evaluate both iCCA, and eCCA. 
Other reasons for exclusion included: location of CCA not reported (iCCA vs eCCA), no use of 
resection specimens of CCA, less than 10 patients with CCA, or duplicate data. Four full texts could 
not be retrieved, and were excluded.17-20 For each evaluated full text, the reason for exclusion is 
presented in supplemental Table 1.

 
Figure 1. Flowchart of included studies.
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Included articles
A total of 54 cohort studies met the inclusion criteria. These included 4458 patients and studied 
102 individual markers. Baseline characteristics are shown in Table 1. In 37 (69%) studies IHC 
was carried out on individual whole-slide tissue sections. In the other 17 (31%) studies, TMAs 
were used. Sample sizes of the included patients with eCCA ranged from 10 to 149 with a median 
of 42, whereas the sample sizes of included patients with iCCA ranged from 10 to 159 with a 
median of 28. 

Quality assessment
The assessment of risk of bias for the individual studies showed 29 studies with a high risk, 13 
with a low risk, and 12 with an unclear risk of bias (results not shown). Many studies (24) failed to 
adequately describe the location of eCCA (hilar versus distal). Also, 15 studies failed to adequately 
describe eligibility criteria, including period of enrollment, and basic characteristics of included 
patients (gender, age and stage). Funnel plots of the results of p53, EGFR, CK20 and c-erbB-2 
showed no clear indication for publication bias (results not shown).

RRs of marker expression in iCCA and eCCA
We constructed Forest plots to show RRs of the proportions of marker expression in iCCA and 
eCCA, when more than one study evaluated that marker. Results are shown in Figure 2. In Figure 
3, all RRs (pooled estimates, and results from single studies) from markers evaluated in more than 30 
iCCA and 30 eCCA patients are shown. Markers that were evaluated in less than 30 iCCA or eCCA 
patients, as well as markers that were completely negative in both iCCA and eCCA, can be found in 
a supplemental table available at the publishers’ website. Of the 57 markers that were evaluated in 
more than 30 iCCA and more than 30 eCCA patients, 18 markers showed a statistically significantly 
different expression. Some markers were less frequently expressed in iCCA than in eCCA (RR<1): 
Akt2, Annexin II, c-erbB-2, CD10, CDX2, CK20, MUC1, MUC5AC, p53 and S100P. Other markers 
were more frequently expressed in iCCA than in eCCA (RR>1): Aurora-B, bcl-2, EGFR, filamin A, 
galectin-1, p16, SMAD-4, and VEGF-A. A total of 16 markers showed a comparable expression 
profile between iCCA and eCCA and had narrow 95%CIs (CI lower limit >0.5 and upper limit <2). 
These markers included Aurora-A, b-catenin, CK13, CK19, CK7, CK8, COX-2, D10, E-cadherin, 
hENT1, Mdm-2, metallothionein, S100A4, TNF-a, VEGF and Vimentin. 

DISCUSSION
In this systematic review, which included 54 cohort studies, 4458 patients, and studied 102 individual 
markers, we assessed differences and similarities in immunohistochemical marker expression 
between intra- and extrahepatic CCA. We found a statistically significantly different expression in 
18 of the 57 markers that were evaluated in more than 30 iCCA and eCCA patients. By contrast, 
only 16 markers had a similar prevalence in iCCA and eCCA with narrow CIs. In addition, several 
markers showed no statistical difference, but had large 95%CIs, suggesting insufficient sample sizes 
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to draw definitive conclusions. Future studies are needed to address whether there is a difference in 
expression of these markers. 

Others have addressed the question whether there are location-related differences in pathogenesis, 
and molecular alterations in CCA.6,7,21 Jarnagin et al. concluded that CCAs exhibit different expression 
of cell cycle–regulatory proteins according to tumor site of origin and morphology.7 This finding was 
confirmed by Karamitopoulou et al., who found clearly distinctive immunoreactive patterns in iCCA 
and eCCA.21 A recent study from Komuta et al. attributed differences between iCCA and eCCA to 
different origin cholangiocytes. In that study, eCCA tumors and iCCA tumors near the liver hilum (so-
called mucin-producing iCCA) showed gene expression and immunohistochemistry profiles (MUC1 
and S100P) similar to cylindrical mucin-producing cholangiocytes, whereas peripheral iCCA tumors 
showed histological diversity possibly reflecting their origin of hepatic progenitor cells.22 In addition, 
Guedj et al. reporting on protein expression results, concluded that hilar and peripheral hepatic 
CCAs can be considered distinct tumors that follow specific molecular pathways of carcinogenesis, 
one reflecting extrahepatic bile duct carcinoma and the other closely resembling subtypes of HCC.6 
These studies however, address only a few markers, in a limited number of patients. Results of 
the current systematic review show a complete overview of differences and similarities in marker 
expression.

The question whether iCCA and eCCA can be considered equal from a biological point of view is 
important for several reasons. Firstly, IHC results from iCCA, can be extrapolated to patients with 
eCCA, and the other way around, when equality is demonstrated. Secondly, if equal, CCA can be 
lumped together in trials, as is typically done because of perceived similarity and low incidence of 
both iCCA and eCCA. For example, the only phase III-trial for CCA (the ABC-02-trial)2 comparing 
the combination gemcitabine and cisplatin with gemcitabine alone included any patient with CCA 
(in addition to patients with ampullary and gallbladder cancer). Thirdly, some markers may be 
prognostic and potentially identify a subgroup of patients who may benefit from a specific treatment. 
We studied he prognostic impact of various markers in patients with CCA in a previous paper.5 Some 
prognostic markers may also be predictive markers allowing for personalized cancer treatment. 
Moreover, IHC markers could serve as targets for anti-cancer therapy. For example, the antibody 
trastuzumab is effective in breast cancer patients with the biomarker HER-2/neu.23 In this respect, 
it’s paramount to know which tumours do and which tumours do not present with specific markers. 

We found significant differences in the expression of Akt2, Annexin II, c-erbB-2 (also known as HER-
2/neu), CD10, CDX2, CK20, MUC1, and MUC5AC, Aurora-A, bcl-2, EGFR, filamin A, galectin-A, p16, 
p53, SMAD-4, S100P, and VEGF-A. Three markers (EGFR, c-erbB-2, and VEGF-A) are particularly 
interesting, since they also could be used as future targets of therapy.24 Among these markers, 
c-erbB-2 and VEGF-A clearly showed distinct expression profiles (RR 0.22 and 2.78, respectively). 
Other differences found in expression of bcl-2 (anti-apoptosis), p53 and p16 (tumor suppressor 
proteins) suggest different pathogenetic mechanisms for iCCA and eCCA. There were also some 
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clear differences in expression of mucins (MUC), which are high molecular weight glycoproteins with 
oligosaccharides attached to serine or threonine residues of the mucin core protein backbone, and 
have been shown to be prognostic in Cholangiocarcinoma.25 Mucin proteins showed tendency to be 
expressed less frequent in iCCA, consistent with findings from Komuta et al.22

Another way to answer the question of this study would be to pool proportions of expressions 
of markers in iCCA and eCCA separately, and subsequently compare the two pooled estimates. 
However, we anticipated a large heterogeneity of results between the studies as a result of differences 
in cut-off values for positivity, and differences in antibodies that were used to stain the same marker. 
Hence, the large heterogeneity would have resulted in even larger 95%CIs, and consequently the 
power to detect significant differences would haven been minimized. To circumvent this large intra-
study variability, we performed the current analysis, in which we only included studies that applied 
the same IHC methodology in both iCCA and eCCA, thus minimizing the effects of intra-study 
variability. 

Our meta-analysis has technical limitations mainly because of the afore-mentioned inter-study 
heterogeneity, and the consequent smaller number of patients tested per marker. We addressed 
the issue of heterogeneity by a rigorous methodologic approach that used a random-effects model 
for more conservative estimates. We used strict inclusion criteria and included only studies with 
a minimum sample size of 10 iCCA and eCCA patients. In addition, we assessed quality and 
publication bias. iCCA involves tumors arising proximal to the confluence of the second order bile 
ducts.1 While the exact origin is not always obvious, patients may have been misclassified as iCCA 
or eCCA. Moreover, as some iCCA tumors may originate from mucin-producing cholangiocytes 
similar to eCCA, stratification of iCCA tumors would potentially reveal even more distinct protein 
expression profiles.22 Future research in IHC for CCA, but possibly also medical intervention studies 
in CCA, should therefore adequately stratify for the topographic location and cholangiocyte subtype. 
CCA or biliary tract carcinomas cannot be considered one homogeneous group.

In conclusion, this systematic review shows differences in marker expression between iCCA and 
eCCA, which is especially relevant in markers that are potential targets of systemic therapy (EGFR, 
c-erbB-2 and VEGF-A). Results of this study based on data from 4458 patients, confirm suggestions 
from previous small single-cohort studies that iCCA and eCCA are distinct tumors. Consequently, 
these patients may benefit from different treatment strategies.
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Table 1. Baseline characteristics of included studies.

Period Country of 
study

iCCA
(n)

eCCA
(n)

Full section or 
TMA

Markers evaluated Risk of 
Bias

Tian 201326 2005-2010 China 15 72 Full section GATA6 High

Nakagawa 201327 1993-2008 Japan 45 41 Full section EZH2 Low

Mao 201328 2006-2011 China 94 48 Full section Fascin, E-cadherin, Vimentin High

Kaira 201329 2000-2011 Japan 20 89 Full section LAT1, CD34, Ki-67, p53 Low

Goeppert 201330 1995-2010 Germany 159 149 TMA BRAF Low

Fisher 201331 2000-2008 USA 15 48 Full section ERCC1, RRM1, RRM2, hENT1 High

Kobayashi 201232 1989- 2010 Japan 16 89 TMA hENT1 Low

Tsai 201233 2000-2010 Taiwan 106 35 Full section S100P Low

Fabris 201134 1989-2009 Italy 55 31 Full section S100A4 High

Pignochino 201035 2002-2005 Italy 17 19 Full section PTEN, p-Akt, p-MAPK, TGF-a, 
EGFR, c-erbB-2

High

Riener 201036 1995-2007 Switzerland 19 59 TMA p53, CD24, P-cadherin High

Dos 201037 NR France 23 17 TMA vimentin High

Riener 201038 1992-2007 Switzerland 19 59 TMA periostin High

Shafizadeh 201039 NR Switzerland 26 19 TMA EGFR, c-erbB-2 High

Nishihara 200940 1987-2004 Japan 70 97 Full section CD10 Unclear

Onodera 200941 1987-2006 Japan 31 57 Full section TNF-a, MMP-2, MMP-9, fascin Low

Schmitz 200942 1998-2006 Germany 56 56 Full section metallothionein Low

Park 200943 1998-2007 Korea 34 51 Full section MUC6, MUC1, MUC2, MUC5AC Unclear

Riener 200944 1995-2007 Switzerland 19 58 TMA IMP3 High

Guedj 20096 1995-2006 France 59 52 TMA Smad 4, E-cadherin, EGFR, PTEN, 
Akt 2, Annexin II, b-catenin, CD117, 

CK5/6, Estrogen, FGF, Filamin A, 
MIB-1, p38, P44/42, PR, VEGF-A, 
bax, bcl-2, c-erbB-2, CK19, CK20, 
CK8, MUC1, MUC2, MUC5AC, p53

Unclear

Riener 200945 1992-2007 Switzerland 19 57 TMA GOLPH2 High

Shen 200946 1995-2004 Taiwan 74 49 Full section p53, Aurora-A, Aurora-B, survivin Low

Riener 200947 1993-2005 Switzerland 13 37 TMA NY-ESO-1, GAGE, MAGE-A4, 
MAGE-C1, MAGE-C2

High

Karamitopoulou 
200821

NR Switzerland 27 62 TMA p53, bcl-2, COX-2, p16, bax, p21, 
p27

Unclear

Huang 200848 1992-2001 Taiwan 23 10 Full section GNMT High

Mosnier 200949 NR France 29 16 TMA E-cadherin, Hep Par 1, N-cadherin, 
CK19, CK7

High

Zhao 200850 NR China 12 41 Full section FHIT, cyclin D1 High

Riener 200851 1995-2005 Switzerland 13 38 TMA eIF4-E, 4E-BP1 High

Yoshikawa 200852 1991-2004 Japan; 106 130 Full section EGFR, VEGF, c-erbB-2 Unclear

Herberger 200753 1993-2006 Austria 47 20 TMA p-mTOR Unclear

Chang 200754 1995-2004 Taiwan 74 49 Full section CDX2 Unclear
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Period Country of 
study

iCCA
(n)

eCCA
(n)

Full section or 
TMA

Markers evaluated Risk of 
Bias

Ney 200755 NR Germany 18 13 TMA PODXL-1 High

Jinawath 200656 NR Japan 36 23 Full section pERK1/2 Unclear

Hughes 200657 1993-1996 Thailand 40 72 Full section CK20, 17NM, D10, 1F6 Unclear

Jarnagin 20067 1992-2002 USA 23 73 TMA p53, bcl-2, cyclin D1, p27, mdm-
2, p21

Low

Nakazawa 200558 1986-2002 Japan 28 78 Full section EGFR, c-erbB-2, c-Met Unclear

Jhala 200559 NR England 13 17 Full section p53, fas High

Gardini 200560 1984-2001 Italy 30 25 Full section CTGF Low

Chuang 200461 1990-2000 Japan 20 10 Full section Smad 4 High

Maeda 200462 1989-1999 Japan 35 15 Full section AAH gene High

Terashi 200463 1987-2000 Japan 25 48 Full section osteopontin Low

Tsuneyama 200464 NR Japan 29 39 Full section MAGE-A3 Unclear

Sahin 200365 NR USA 10 15 TMA STK11 High

Lee 200366 NR Korea 50 40 TMA CK8, CK7, MUC1, MUC2, 
MUC5AC, MUC6, CK13, CK14, 

CK18, CK19, CK20

High

Aishima 200267 1987-2000 Japan 57 16 Full section Keratin 903 High

Argani 200168 1989-1999 USA 12 114 Full section Smad 4, p53 High

Shimonishi 200169 NR Japan 40 40 Full section Galectin-3, Galectin-1 Unclear

Shimonishi 200070 NR Japan 39 29 Full section Fas, fasL Low

Shimonishi 200071 NR Japan 40 37 Full section CK7, CK18, CK19, CK8, CK20 Low

Rullier 200072 NR France 25 23 Full section CK7, CK20 High

Ito 200073 NR Japan 19 41 Full section ets-1 High

Furubo 199974 NR Japan 19 19 Full section p53, mdm-2, p21 High

Shrestha 199875 1994-NR Japan 12 11 Full section p53 High

Subimerb 201076 NR Thailand 32 18 Full section MACAC387 High

Table 1 (continued). Baseline characteristics of included studies.
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Figure 2. Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for markers that were 
evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less frequently expressed in 
iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 2 (continued). Forest plots show Risk Ratio’s of the proportions of marker expression in iCCA and eCCA for 
markers that were evaluated in more than one study. Markers with RRs and 95% Confidence intervals <1 were less 
frequently expressed in iCCA, and markers with RRs and 95%CIs >1 were more frequently expressed in iCCA.
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Figure 3. Forest plot of all evaluated markers: when more than one study was available, pooled results are presented, and 
the number of studies is shown between brackets after the marker name in the first column.
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SUMMARY
Surgical resection of perihilar cholangiocarcinoma offers a distinct benefit in long-term survival, but it 
is a complex procedure. The tumour may extend into segmental branches of the bile ducts, or involve 
the portal vein and/or hepatic artery. Curative-intent resection requires a combined extrahepatic bile 
duct and partial liver resection, sometimes including a portal vein resection and reconstruction. 
These extended procedures are associated with a high risk of postoperative mortality, even more 
so because many patients present with obstructive jaundice. Selecting the optimal treatment in 
patients with perihilar cholangiocarcinoma is a trade-off between opportunities for long-term survival 
against the danger of procedural risks: surgery offers a chance for long-term survival or cure, but 
perioperative complications may cause abrupt death. This thesis aimed to provide recommendations 
and clinical decision rules for tailored care in patients with resectable perihilar cholangiocarcinoma. 

Preoperative biliary drainage
Biliary drainage is often used to treat jaundice prior to surgery: it reduces the risk of postoperative 
complications such as liver failure and systemic infection. However, biliary drainage can be harmful 
when complications related to the drainage procedure deteriorate the patient’s condition prior to 
surgery. Preoperative biliary drainage is mostly initiated with endoscopic drainage, but chapter 1 
showed that endoscopic drainage fails to obtain adequate drainage in many patients (38% overall). 
These patients require additional percutaneous drainage, and are confronted with potential adverse 
events of the multiple drainage procedures. A clinical decision rule was developed and validated to 
tailor the use of endoscopic or percutaneous drainage. The study included patients who underwent 
initial endoscopic drainage, and identified three subgroups that differed in the risk of requiring 
additional percutaneous drainage. The high-risk group consisted of patients with a total bilirubin 
level above 150 µmol/L and Bismuth 3a or 4 tumors. These patients have a risk of 62% to require 
additional percutaneous drainage, so they should be treated with initial percutaneous rather than 
endoscopic drainage.

In chapter 2, we present a multi-center study protocol to compare endoscopic and percutaneous 
drainage in a randomized trial (DRAINAGE-trial), with the broader aim to decrease perioperative 
morbidity and mortality. The study has an ‘all-comers’ design, implying that all patients selected to 
potentially undergo a major liver resection for perihilar cholangiocarcinoma are eligible for inclusion in 
the study provided that the biliary system in the future liver remnant is obstructed. Primary outcome 
measure is the total number of severe preoperative complications between randomization and 
exploratory laparotomy. The study is designed to detect superiority of percutaneous drainage: a 
provisional sample size of 106 patients is required to detect a relative decrease of 50% in the number 
of severe preoperative complications. Secondary outcome measures encompass the success of 
biliary drainage, quality of life, and postoperative morbidity and mortality. 

Chapter 3 is complementary to the first two chapters, as it compares the long-term effects of both 
drainage methods. The study assessed overall survival, and the incidence of seeding metastases 
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that potentially influence survival, in patients who underwent endoscopic (n=157) and percutaneous 
drainage (n=88) and subsequent resection of perihilar cholangiocarcinoma. After adjustment for 
propensity score, overall survival between the endoscopically and percutaneously drained groups 
was similar (hazard ratio 1.05). The number of seeding metastases occurring in the laparotomy 
scar was also similar between the endoscopically and percutaneously drained groups (3% in both 
groups). No patient had an initial recurrence in percutaneous catheter tracts. These data suggest 
that percutaneous drainage can safely be used from an oncological viewpoint.

Preoperative risk assessment in perihilar cholangiocarcinoma
A new preoperative staging system was developed to predict resectability of perihilar 
cholangiocarcinoma in chapter 4. A resection was performed in 309 of 501 patients (62%) who 
underwent exploratory laparotomy, but metastatic or locally advanced disease was found intra-
operatively in 192 patients (38%), precluding a resection. Five independent preoperative predictors 
were found: jaundice, suspected lymph node metastases, Bismuth type, bilateral portal vein 
involvement, and bilateral hepatic artery involvement. The derived staging system identified 4 
classes with resectability rates of 95%, 69%, 50%, and 15%. The staging system also preoperatively 
predicted survival after surgery: patients in class 4 had postoperative 90-day mortality of 18% and a 
median survival of only 7 months. Since the probability of a resection in class 4 was very low while 
the risks associated with surgery were very high, these patients might benefit from palliative instead 
of surgical therapy. The preoperative staging system can be useful in shared-decision making, and 
it will permit reliable stratification of patients for clinical trials investigating neo-adjuvant treatment 
strategies.

The hazards of surgery were further elaborated in a separate risk score predicting postoperative 
mortality after major liver resection (chapter 5). Postoperative 90-day mortality was 14% in 287 
included patients, emphasizing the high risks associated with surgery in perihilar cholangiocarcinoma. 
The study identified the volume of the future liver remnant (FLR) as an important risk factor. Not only 
did the FLR volume independently predict postoperative mortality, it was also shown to interact with 
biliary drainage status: patients with a small FLR volume below 50% benefited from preoperative 
drainage; by contrast, patients with a large FLR volume above 50% seemed to have no benefit 
from preoperative drainage. For the latter patients the risk of cholangitis developing after drainage 
outweighs the questionable benefit of biliary decompression. Therefore, resection in patients without 
preoperative drainage in the presence of an FLR volume above 50% may reduce postoperative 
mortality. A mortality risk score based on the analysis had good predictive accuracy. The study 
identified a low-risk group that should directly proceed to surgery, an intermediate risk-group 
that may benefit from additional preoperative interventions such as biliary drainage or portal vein 
embolization, and a high-risk group with an unacceptable risk of surgery. Both prognostic systems 
in chapter 4 and 5 currently lack validation in an external dataset. However, the derivation datasets 
included patients from two specialized centers and these combined datasets rank among the 
largest available. 
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Preoperative decision-making may be additionally informed by assessment of patient frailty. Chapter 
6 investigated the effect of low skeletal muscle mass, as measured on computed tomography images, 
with regards to short- and long-term outcomes after liver resection for perihilar cholangiocarcinoma. 
The study showed that low skeletal muscle mass is associated with high postoperative mortality 
(29% in patients with low skeletal muscle mass versus 9% in patients without low skeletal muscle 
mass). Furthermore, low skeletal muscle mass was a poor prognostic factor for overall survival after 
resection (hazard ratio 2.0). Skeletal muscle could thus be valuable in preoperative risk assessment, 
and enhancing nutritional status preoperatively might improve outcomes postoperatively.

Intra-operative management of bile duct cancer
Part three of this thesis provides data for intra-operative decision-making. Chapter 7 is an 
experimental study in jaundiced rats. It was designed to improve resilience of cholestatic liver against 
damage from ischemia/reperfusion injury, which is an inevitable side effect of surgery that results 
from the temporary deprivation of blood supply to the liver. We hypothesized that pretreatment with 
Atorvastatin would have a protective effect, and tested this hypothesis in a bile duct ligation-based rat 
model of obstructive jaundice and cholestasis. Atorvastatin or its vehicle control were administered 
orally once daily during 7 days prior to ischemia induction, or intravenously using a single dose at 24 
hours or 30 minutes prior to ischemia induction. Contrary to expectations, Atorvastatin pretreatment 
was not able to protect jaundiced rats from an overwhelming degree of hepatocellular damage 
after ischemia/reperfusion. Clinical studies are currently warranted to investigate the role of statin 
treatment in the protection of patients with normal and steatotic liver against ischemia/reperfusion 
injury, but in these studies there seems to be no role for jaundiced patients.

Chapter 8 includes patients with gallbladder carcinoma, which is an aggressive disease with a high 
propensity of recurring after resection. The extrahepatic bile duct may contain micro-metastases 
at the time of resection, so routine extrahepatic bile duct resection has been proposed as part of 
a curative-intent resection of gallbladder carcinoma.  In this study, 26 patients had undergone a 
resection of gallbladder carcinoma with preservation of the extrahepatic bile duct. None of these 
patients developed an isolated recurrence in the region of the extrahepatic bile duct, suggesting that 
routine EBD resection is of no additional value.

Postoperative staging in perihilar cholangiocarcinoma
Chapter 9 describes the recurrence rate and pattern after resection of perihilar cholangiocarcinoma 
in 306 patients. We demonstrated that patients continue to have recurrences beyond four years 
follow-up until a plateau is reached at about 8 years: the estimated recurrence rate at 8 years after 
resection was 76%. The high rate of recurrence up to 8 years may justify prolonged postoperative 
surveillance, although it remains to be determined whether patients with a recurrence benefit from 
early detection. Only patients with an isolated initial local recurrence (18%) could have benefited 
from a more extensive resection or liver transplantation. No patients with lymph node metastases 
had recurrence-free survival beyond 7 years; so node-positive perihilar cholangiocarcinoma 
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appears incurable with currently available treatment modalities. Altogether, the high recurrence rate 
emphasizes the need for adjuvant treatment strategies.

Accurate risk stratification may identify subgroups that could benefit from adjuvant treatment. 
In that respect, chapter 10 compares the conventional 6th and 7th editions of the American 
Joint Committee on Cancer staging systems. Although the 7th edition distributed patients more 
equally across stages, both staging systems were found to have modest prognostic accuracy: the 
concordance index of both staging systems was 0.59. 

A new nomogram for disease-specific survival is proposed in chapter 11. The nomogram was 
developed from 173 patients and externally validated in 133 patients who underwent curative-intent 
resection of perihilar cholangiocarcinoma. Lymph node involvement, resection margin status, and 
tumor differentiation were independent prognostic factors in the derivation dataset. A nomogram 
with these factors had good prognostic accuracy in the validation dataset (concordance index 0.72), 
which was better than the American Joint Committee on Cancer staging system. Calibration was 
suboptimal because disease-specific survival differed between the two institutions. The nomogram 
can inform patients and physicians, guide shared decision-making for adjuvant therapy, and stratify 
patients in future randomized controlled trials.

Chapter 12 describes the prognostic value of micrometastases detected on immunohistochemistry. 
Micrometastases were identified in 11 of 91 patients (12%) who had node-negative perihilar 
cholangiocarcinoma on routine histology. Five-year survival rates in patients with lymph node 
micrometastases were significantly lower compared to patients without micrometastases (27% 
versus 54%), and multivariable analysis confirmed micrometastases as an independent poor 
prognostic factor for survival (hazard ratio 2.4). Lymph node micrometastases were shown to be a 
stronger predictor than resection margin status, and comparable to lymph node metastases found 
on routine histology. Incorporating micrometastases in staging systems may thus improve their 
prognostic accuracy.

Chapter 13 presents a meta-analysis that compares immunohistochemical biomarker expression 
profiles between resected intrahepatic and extrahepatic cholangiocarcinoma. The study found 
a different expression in 18 of the 57 markers that were evaluated in a total of 4458 patients, 
which is especially relevant in markers that are potential targets of molecular therapy (EGFR, 
c-erbB-2 and VEGF-A). These results corroborate earlier findings that intrahepatic and extrahepatic 
cholangiocarcinoma are distinct forms of cancer. As a consequence, these subgroups should be 
separated when therapies targeting tumor biology are being considered. The subject of this thesis, 
perihilar cholangiocarcinoma, constitutes a mixed group of intrahepatic and extrahepatic tumors 
around the liver hilum, but after all, this mixed group will need to be subclassified in future treatment 
algorithms.
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FUTURE PERSPECTIVES
Several important topics regarding resectable perihilar cholangiocarcinoma are currently under 
investigation. Most research projects in the past have been limited to retrospective studies, but 
multi-center and international collaborations are evolving and will provide a basis for randomized 
trials in the future. The DRAINAGE-trial, as described in this thesis, compares endoscopic and 
percutaneous preoperative drainage. The study is designed to identify the method associated with 
the fewest complications and lowest perioperative mortality.1 After completion of this study, the next 
question that should be addressed is whether preoperative drainage is beneficial at all. The use 
of routine preoperative drainage for resection of cancer of the pancreatic head has recently been 
abandoned, since it was shown to increase the rate of perioperative complications.2 This thesis 
suggests that patients with perihilar cholangiocarcinoma and a future liver remnant volume above 
50% neither benefit from preoperative drainage, corroborating findings from other recent studies.3,4 
Based on these studies, a randomized trial is needed to assess if resection without preoperative 
drainage in the presence of a sufficient future liver remnant volume reduces perioperative morbidity 
and mortality.

Other interventions to reduce perioperative morbidity and mortality in patients with perihilar 
cholangiocarcinoma might involve pharmacological agents. One of the potential targets is bile salt 
homeostasis, which has recently been identified as a key regulator in recovery from liver injury. 
Experimental studies in rats showed that bile salt-activated transcription factor FXR (farnesoid X 
receptor) is required for normal liver regeneration,5  and that the FXR-induced enterokine FGF15 
(Fibroblast Growth Factor 15, termed FGF19 in humans) has an important role in the negative 
feedback loop of bile salt synthesis.6 Modulating FXR and FGF19 seems especially relevant for 
patients with perihilar cholangiocarcinoma, who often have perturbed bile salt homeostasis due to 
obstructive jaundice and cholestasis.7 FXR activation with synthetic bile acids was shown to protect 
the liver from cholestasis,8 and above all, FXR and FGF19 agonists may improve liver regeneration 
after resection.9 Clinical studies will hopefully follow soon after preclinical studies have tested such 
agents. 

The risk scores predicting resectability and postoperative mortality in this thesis showed good 
prognostic accuracy, but require external validation before they can be applied clinically. Future 
validation studies should also include the recently developed staging system from Mayo clinics,10 
and the comprehensive staging system described by DeOliviera et al.11 The rare incidence of the 
disease demands international registries to obtain adequate numbers of patients; only studies 
including patients from multiple centers are able to reach sufficient statistical power.

Similar to other gastro-intestinal cancers,12 adjuvant treatment is anticipated to offer a distinct 
survival benefit after resection of perihilar cholangiocarcinoma. Three international studies are 
currently investigating adjuvant treatment after resection of cholangiocarcinoma. (clinicaltrials.gov 
identifiers: NCT00363584, NCT01313377, and NCT02170090). Study designs under investigation 
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include capecitabine versus observation, gemcitabine plus oxaliplatin versus observation, and 
gemcitabine plus cisplatin versus observation. The latter design is based on the only phase III clinical 
trial that showed a survival benefit in palliative treatment of cholangiocarcinoma.13 The study is 
currently enrolling patients in 5 countries, including the Netherlands.14 At present, targeted molecular 
therapies and immune-modulating therapies are not available for cholangiocarcinoma, but these 
therapies might be able to further improve survival after resection in the future.15-17 
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Summary

Cholangiocarcinoom is een zeldzame vorm van kanker en ontstaat in het epitheel van de galwegen. 
De meeste tumoren groeien ter plaatse van de confluens van de linker en rechter galweg, die 
zich in de hilus van de lever bevindt. Deze subgroep, genaamd perihilair cholangiocarcinoom, 
is het belangrijkste onderwerp van dit proefschrift. Het doel van de beschreven studies was 
aanbevelingen en beslisregels te formuleren, waarmee de chirurgische behandeling van perihilair 
cholangiocarcinoom kan worden aangepast aan de karakteristieken van de patiënt. Om de studies 
voldoende rekenkracht te geven zijn patiënten uit meerdere ziekenhuizen geïncludeerd, waaronder 
het Academisch Medisch Centrum in Amsterdam, het Universitair Medisch Centrum Groningen, en 
het Memorial Sloan Kettering Cancer Center in New York. 

Chirurgische resectie van perihilair cholangiocarcinoom biedt de beste kansen aan patiënten 
op lange-termijn overleving, maar is helaas niet altijd mogelijk. Veel tumoren zijn al uitgezaaid, of 
ingegroeid in aanliggende bloedvaten op het moment van diagnose. Patiënten die wel in aanmerking 
komen voor chirurgische resectie ondergaan een uitgebreid selectieproces en vaak intensieve 
behandeling voor de operatie mogelijk is. Veel patiënten hebben geelzucht op het moment van 
presentatie van de klachten – de tumor veroorzaakt dan obstructie van de galwegen waardoor de 
gal zich in het bloed ophoopt. Geelzucht is een belangrijke risicofactor voor complicaties gerelateerd 
aan de operatie, en sommige patiënten kunnen door deze complicaties zelfs komen te overlijden. 
Preoperatieve galwegdrainage, waarbij een stent of drain wordt geplaatst in de galweg zodat de 
gal weer naar de darmen kan passeren, wordt daarom veel gebruikt om de geelzucht op te heffen 
voor de operatie. Galwegdrainage is echter niet zonder risico’s: er bestaat een gevaar dat patiënten 
juist in een slechtere conditie raken door complicaties gerelateerd aan de drainage. De voordelen en 
mogelijke nadelen moeten dus goed tegenover elkaar worden afgewogen.

Preoperatieve galwegdrainage
In deel 1 van dit proefschrift wordt onderzocht welke methode van preoperatieve galwegdrainage het 
beste gebruikt kan worden. Er zijn twee methodes beschikbaar, namelijk endoscopische drainage, 
waarbij een stent wordt geplaatst middels endoscopische retrograde cholangioscopie, en percutane 
drainage, waarbij een katheter door de huid naar de lever en galwegen wordt gemanoeuvreerd. 
Endoscopische drainage wordt het meeste gebruikt omdat het in alle ziekenhuizen beschikbaar is; 
percutane drainage wordt alleen in gespecialiseerde centra gebruikt omdat het een ingewikkelde 
techniek vergt. Beide methodes hebben voor- en nadelen. In hoofdstuk 1 wordt  geanalyseerd 
welke patiënten niet geschikt zijn voor endoscopische drainage. Deze methode faalt namelijk 
regelmatig (bij 38% van de patiënten), waardoor deze patiënten alsnog met percutane drainage 
moeten worden behandeld en dus de mogelijke nadelige effecten ondervinden van beide technieken. 
Een predictiemodel dat werd ontwikkeld en gevalideerd is in staat om patiënten met een hoog 
risico van meer dan 60% op het falen van endoscopische drainage al van te voren te identificeren. 
Deze patiënten kunnen beter direct met percutane in plaats van endoscopische drainage worden 
behandeld. Hoofdstuk 2 bevat een studieprotocol om endoscopische en percutane drainage 
in een gerandomiseerde studie te vergelijken. Deze studie, genaamd de DRAINAGE trial, wordt 
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momenteel uitgevoerd in vijf Nederlandse ziekenhuizen, en heeft als doel om te analyseren welke 
methode gepaard gaat met de minste complicaties. Hoofdstuk 3 vult de eerste twee hoofdstukken 
aan, omdat wordt gekeken naar de lange-termijn effecten van de drainage technieken. Het bleek 
dat er geen verschil is in overleving tussen patiënten die met endoscopische of percutane drainage 
zijn behandeld en vervolgens een resectie van de tumor ondergingen. Mocht de DRAINAGE trial 
uitwijzen dat deze methode inderdaad gepaard gaat met de minste complicaties, dan zou er dus 
op oncologisch vlak geen bezwaar zijn om percutane drainage als eerste-keus behandeling te 
gebruiken.

Preoperatieve risicobepaling
Selectie van patiënten met perihilair cholangiocarcinoom voor een operatie is grotendeels gebaseerd 
op radiologische beeldvorming. Desalniettemin blijkt regelmatig pas tijdens de operatie dat een 
tumor al is uitgezaaid of op kritieke wijze is ingegroeid in bloedvaten, en er dus toch geen resectie 
kan plaatsvinden. In deel 2 wordt onderzocht of al van tevoren voorspeld kan worden of een tumor 
resectabel is en welke risico’s verbonden zijn aan de operatie. Sommige patiënten hebben slechts 
een kleine kans op een resectie van de tumor, terwijl er wel een risico bestaat dat de patiënt overlijdt 
aan de gevolgen van een operatie. Hoofdstuk 4 bevat een stadiëring systeem dat patiënten in vier 
groepen rangschikt met verschillende kans op een resectie. De groepen worden ingedeeld op basis 
van factoren die preoperatief beschikbaar zijn, meestal op basis van radiologische beeldvorming: 
geelzucht, tumorgroei in segmentele galwegen, lymfeklieren met mogelijke uitzaaiingen, en 
verdachte ingroei in de bloedvaten. Het stadiering systeem helpt artsen en patiënten om te kiezen 
voor een operatie als er een plausibele kans is op resectie van de tumor. Het kan echter ook helpen 
te kiezen voor een palliatieve behandeling (zonder operatie) als de kans op resectie erg laag is maar 
de risico’s op overlijden juist groot. Patiënten in de slechtste categorie hadden bijvoorbeeld slechts 
een kans van 15% op resectie van de tumor, terwijl de kans dat deze patiënten overlijden aan de 
operatie 18% was en de mediane overleving na de operatie slechts 7 maanden. Hoofdstuk 5 gaat 
dieper in op de risico’s dat een patiënt overlijdt aan de operatie. In het geanalyseerde cohort van 
patiënten dat een gecombineerde galweg- en partiële lever resectie onderging bleek 14% van de 
patiënten al binnen 90 dagen overleden te zijn. Risicofactoren daarvoor waren leeftijd, een kleine 
restlever, onvolledige drainage van de restlever, cholangitis (ontsteking van de galwegen), en een 
bloedvatresectie en -reconstructie vanwege tumor ingroei. Alhoewel onvolledige drainage dus een 
risico factor bleek te zijn, was dit niet voor alle patiënten het geval. Het bleek uit de studie dat indien 
minder dan 50% van lever wordt gereseceerd, men wellicht kan volstaan om te opereren zonder 
preoperatieve galwegdrainage. Door het achterwege laten van de drainage zullen deze patiënten 
ook geen cholangitis ontwikkelen, waardoor naar verwachting het risico om te komen overlijden aan 
de operatie sterk daalt. 

De besluitvorming rondom de operatie kan verder nog worden gebaseerd op de fysieke toestand 
van de patiënt. In hoofdstuk 6 is onderzocht of de skeletspiermassa, zoals gemeten kan worden op 
preoperatieve CT-scans, voorspellend is voor uitkomsten na de operatie. Het bleek dat patiënten met 



234

Summary

een lage skeletspiermassa een hogere kans hebben om te overlijden aan resectie van de tumor, en 
ook korter leven na de operatie. Deze resultaten suggereren dat ingrepen, die de voedingstoestand 
en conditie van patiënten al verbeteren voor de operatie, mogelijk de uitkomsten na de operatie 
positief kunnen beïnvloeden.

Intra-operatieve aanpak
Deel drie van dit proefschrift gaat over het verminderen van risico’s tijdens de operatie. Hoofdstuk 
7 is een experimentele studie die is uitgevoerd in ratten met een obstructie van de galwegen, 
identiek dus aan patiënten met perihilair cholangiocarcinoom. De lever raakt door deze obstructie 
gevuld met galzouten – een proces dat cholestase heet – waardoor de lever kwetsbaar wordt 
voor operatieve schade. Tijdens de resectie wordt de bloedtoevoer naar de lever vaak minutenlang 
afgesloten, en cholestatische levers ontwikkelen grote ischemie-reperfusie schade door dit proces. 
In dit hoofdstuk wordt onderzocht of voorbehandeling met Atorvastatine deze ischemie-reperfusie 
schade vermindert. Atorvastatine is een medicijn dat normaal gesproken als cholesterolverlager 
wordt gebruikt, maar ook veel andere effecten heeft die onder andere bloedvaten beschermen. 
Tegen de verwachting in was Atorvastatine echter niet in staat om de ischemie-reperfusie schade te 
verminderen, en blijkt dus geen effectieve behandeling van patienten met geelzucht.

Hoofdstuk 8 bevat patiënten met een galblaascarcinoom. Deze aandoening kent een slechte 
prognose, waarbij de tumor na resectie vaak terugkomt en voor metastases zorgt. Een verklaring 
hiervan kan gezocht worden in micrometastases die zich al voor de operatie in de galweg tussen 
lever en darm ophopen. Daarom is eerder gesuggereerd dat de galweg standaard moet worden 
meegenomen tijdens een resectie van galblaascarcinoom, ondanks dat deze procedure patiënten op 
korte en lange termijn veel last kan bezorgen. In dit hoofdstuk laten we zien dat 26 patiënten die een 
resectie van galblaascarcinoom ondergingen zonder resectie van de galweg, nooit een geïsoleerd 
recidief ontwikkelen in de gepreserveerde galweg. Meestal komt de tumor terug met metastases en 
in dat geval maakt een recidief in de galweg geen verschil voor de overleving van de patiënt. Op basis 
van deze resultaten hoeft de galweg dus niet standaard te worden gereseceerd bij een operatie voor 
galblaaskanker, waardoor de operatie met minder complicaties gepaard hoeft te gaan. 

Postoperatieve stadiering
Hoofdstuk 9 beschrijft de recidieven die optraden in 306 patiënten die een resectie ondergingen 
van perihilair cholangiocarcinoom. Het bleek dat 76% van de patiënten een recidief ontwikkelt en 
dat die tot 8 jaar na de operatie kunnen optreden. Het risico op een recidief bleek zelfs nog hoger in 
bepaalde subgroepen: patiënten met lokale lymfeklier metastases tijdens de resectie ontwikkelden 
allemaal een recidief. Kennelijk kunnen deze patiënten niet worden genezen met alleen een 
chirurgische behandeling. De resultaten in deze studie benadrukken dat adjuvante therapie met 
chemotherapie een belangrijke overlevingswinst zou kunnen opleveren. 

Er zijn op dit moment geen gerandomiseerde studies beschikbaar die aantonen dat adjuvante 
therapie zinvol is na resectie van perihilair cholangiocarcinoom. Men verwacht echter dat adjuvante 
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therapie een belangrijke rol zal krijgen in de behandeling van perihilair cholangiocarcinoom na 
afronding van een aantal internationale studies die momenteel plaatsvinden.

Postoperatieve risico-stratificatie helpt patiënten te identificeren die voordeel zouden hebben van 
adjuvante therapie. Hoofdstuk 10 vergelijkt daarom de 6e en 7e editie van het American Joint 
Committee on Cancer stadiering systeem. De 7e editie bleek weliswaar patiënten meer gelijkmatig in 
groepen te verdelen, maar beide stadiering systemen hadden slechts een beperkte prognostische 
waarde om overleving na resectie van perihilair cholangiocarcinoom te voorspellen (c-index 0.59). 

In hoofdstuk 11 is daarom een nieuw nomogram ontwikkeld om overleving te voorspellen. 
Het nomogram is gebaseerd op data van 173 patiënten uit New York en gevalideerd in 133 uit 
Amsterdam die allen resectie ondergingen van perihilair cholangiocarcinoom. Lymfeklier metastases, 
resectiemarge en tumor differentiatie bleken voorspellende factoren, waarmee de kans wordt 
voorspeld dat patenten na resectie alsnog aan een recidief van de tumor zullen overlijden. Het 
nomogram (c-index 0.72) was beter in staat om deze kans te voorspellen dan het conventionele 
American Joint Committee on Cancer stadiering systeem. De kalibratie van het nomogram was 
echter suboptimaal, omdat de mediane overleving verschilde tussen de twee patiëntengroepen. 
Desalniettemin kan het nomogram artsen en patiënten helpen om een keuze te maken voor 
eventuele adjuvante therapie, en tevens kan het nomogram patiënten stratificeren in toekomstige 
gerandomiseerde onderzoeken. 

Hoofdstuk 12 beschrijft de prognostische waarde van lymfeklier micrometastases die kunnen 
worden gedetecteerd op aanvullend immunohistochemisch onderzoek. De 5-jaarsoverleving 
van patiënten met micrometastases bleek significant slechter te zijn dan van patiënten zonder 
micrometastases (27% versus 54%). Het opnemen van micrometastases als voorspellende factor 
zou de prognostische waarde van stadiering systemen dus nog verder kunnen verbeteren. 

Hoofdstuk 13 presenteert een meta-analyse van immunohistochemische biomarkers in 
cholangiocarcinomen die gereseceerd zijn. De studie vergeleek de expressie profielen van 
intrahepatische en extrahepatische tumoren, en vond een verschil in 18 van de 57 geanalyseerde 
biomarkers. Deze resultaten bevestigen eerdere studies dat intrahepatisch en extrahepatisch 
cholangiocarcinoom in feite verschillende ziekte entiteiten zijn. Toekomstige onderzoeken die gerichte 
moleculaire behandelingen onderzoeken moeten dus onderscheid maken in de locatie van deze 
tumoren. Perihilair cholangiocarcinoom is een verzamelnaam voor een gemengde groep tumoren 
die bij de hilus van de lever ontstaan, maar zowel een intrahepatische als een extrahepatische 
origine kunnen hebben. Om de behandeling te richten op de eigenschappen van de ziekte zal deze 
groep tumoren in de toekomst verder uitgesplitst moeten worden.
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