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Dear Professor Jonas 
 
INFORMATION AND ATTENDANCE LETTER 
On behalf of the Gastro Foundation, it will be our pleasure to host you at the Gastro Foundation Weekend 
for Fellows at Spier Hotel & Conference Centre, Stellenbosch. 
Please read the following information carefully. 
 
DIRECTIONS  
 
From Cape Town 
 
   Take the N2, to Stellenbosch 

  9,9 km  

 Take exit 33 for Baden Powell Drive toward R310/Stellenbosch/Macassar   

  400 m  

 Turn left onto Baden Powell Dr   

  9,2 km  

 Turn right, destination will be on the left  

  38 m  

 
Once you have turned into the estate, turn right towards the hotel 
 

 

   

 

Spier Wine Farm 
R310 Baden Powell Rd 
Stellenbosch 7603 
 
ROOMING INFORMATION    
Single accommodation has been reserved for you for Friday 2 and double accommodation for  
Saturday 3 February 
The Gastro Foundation will cover your accommodation at Spier: all meals and the conference costs for 
the 2,3 & 4 February 2018 at Spier.  Any extra costs such as telephone, room service, mini bar, laundry 
etc will be for your own account and are to be settled on departure directly with the hotel.  
 



Epidemiology and risk factors

• 15% of hepatic and <3% of GIT tumours

• Incidence 1.2-3.3 per 100 000 in population

• Incidence seems to stable - ↑ I-CCA; ↓H-CCA

• Increasing incidence with age - 70% > 65 yrs

• Male predominance

• ↑ Hispanic and Asian populations



Epidemiology and risk factors

• Infestations
– Chlonorchis sinensis
– Opistorchis viverini
– Ascaris lumbricoides

• Recurrent pyogenic 
cholangitis

• Infection
– HIV
– HBV
– HCV
– EBV

• PSC
• IBD ?

• Diabetes
• Obesity
• Anomalies

– PD junction anomalies
– Choledochal cysts

• Ethanol overconsumption
• Bilio-enteric drainage 

procedures
• Toxins

– Dioxin
– Thorotrast
– PVC



Classification - anatomic

Review

Gut and Liver, Vol. 11, No. 1, January 2017, pp. 13-26

Cholangiocarcinoma (CCA) is the second most common 
primary malignancy. Although it is more common in Asia, 
its incidence in Europe and North America has significantly 
increased in recent decades. The prognosis of CCA is dismal. 
Surgery is the only potentially curative treatment, but the 
majority of patients present with advanced stage disease, 
and recurrence after resection is common. Over the last two 
decades, our understanding of the molecular biology of this 
malignancy has increased tremendously, diagnostic tech-
niques have evolved, and novel therapeutic approaches have 
been established. This review discusses the changing epide-
miologic trends and provides an overview of newly identified 
etiologic risk factors for CCA. Furthermore, the molecular 
pathogenesis is discussed as well as the influence of etiol-
ogy and biliary location on the mutational landscape of CCA. 
This review provides an overview of the diagnostic evaluation 
of CCA and its staging systems. Finally, new therapeutic op-
tions are critically reviewed, and future therapeutic strategies 
discussed. (Gut Liver 2017;11:13-26)

Key Words: Cholangiocarcinoma, Bile duct, Cancer, Hepato-
biliary, Neoplasia

INTRODUCTION

Cholangiocarcinoma (CCA) is the most common biliary tract 
malignancy and the second most common primary hepatic 
malignancy.1 It is classified into intrahepatic (iCCA), perihi-
lar (pCCA), and distal (dCCA) subtypes (Fig. 1). The latter two 
subtypes were previously grouped as extrahepatic CCA but are 
now considered distinct entities based upon differences in their 
tumor biology and management. pCCA is the most common 
subtype. The prognosis of CCA is considered dismal. However, 
our understanding of its molecular tumor biology has increased, 
and advances in its surgical and nonsurgical management have 

resulted in improved outcomes and potentially curative treat-
ments for selected patients.

EPIDEMIOLOGY

Hepatobiliary malignancies account globally for 13%, and 
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Fig. 1. Cholangiocarcinoma classification. Classification of cholan-
giocarcinoma based on its anatomic location within the biliary tree 
into intrahepatic, perihilar, and distal cholangiocarcinoma. Intrahe-
patic cholangiocarcinomas (iCCA) are located proximal to the sec-
ondary branches of the left and right hepatic ducts. Perihilar cholan-
giocarcinoma (pCCA) describes tumors located between the secondary 
branches of the right and left hepatic ducts and the common hepatic 
duct proximal to the cystic duct origin. Distal cholangiocarcinoma 
(dCCA) describes tumors of the common bile duct (CBD), up to but 
not including the ampulla Vateri. The dCCA within the intrapancre-
atic portion of the CBD can be difficult to distinguish from pancreatic 
head carcinomas. 
RA, right anterior segmental duct; RP, right posterior segmental duct; 
RHD, right hepatic duct; LHD, left hepatic duct; CHD, common he-
patic duct; CD, cystic duct; GB, gallbladder. 

15-20% 

60-70% 

20-30% 



Classification - pathologic

Macroscopic
• mass-forming
• periductal-infiltrating
• intraductal-papillary

Histopathology
• 90-95% adenocarcinomas
• moderate to poor differentiation
• mucin expression is common
• desmoplastic stroma
• CK7 and CK19 expression
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in the United States for 3% of overall cancer-related mortality.2 
CCA accounts for 15% to 20% of primary hepatobiliary malig-
nancies. CCA incidence rates are inter- and intra-continentally 
heterogenous. The highest CCA incidence rates have been re-
ported in Southeast Asia and the lowest in Australia. Within 
Southeast Asia, its annual incidence ranges from 0.1/100,000 
to 71.3/100,000. Throughout Europe, incidence rates range be-
tween 0.4/100,000 and 1.8/100,000, and in the United States 
from 0.6/100,000 to 1.0/100,000.3-5 During the last three de-
cades, age-adjusted incidence rates (AAIR) of iCCA increased in 
Western Europe, while the incidence of extrahepatic CCA fol-
lowed a stable to decreasing trend.3,5,6 Interestingly, AAIR of ex-
trahepatic CCA in the United States had significantly increased 
throughout the last four decades while iCCA incidence remained 
overall stable.4 Causes for the changing trends in incidence have 
not been identified. Throughout the last decade, annual mortal-
ity rates of iCCA in the United States decreased by 2.5%, while 
they increased by 9% in Europe.6,7 The male-to-female ratio of 
CCA is 1:1.2–1.5.2 Globally, the average age at diagnosis is >50 
years. In Western industrialized nations, the median age at pre-
sentation is 65 years. It is uncommon before age 40 except in 
patients with primary sclerosing cholangitis (PSC).

ETIOLOGY

The majority of patients develop CCA in the absence of iden-
tifiable risk factors (Table 1).8 PSC patients have a 5% to 20% 
lifetime risk to develop CCA. However, only 10% of CCA are 
attributed to PSC. Usually, CCA is diagnosed after a median of 
4 years following the PSC diagnosis.9 Inflammatory bowel dis-

ease is not an independent risk factor for CCA in PSC.10 Caroli’s 
disease, and types I and IV biliary cysts increase the risk for 
cholangiocarcinogensis by 30-fold.2 Importantly, excision of 
cysts reduces but does not eliminate the risk.11 Hepatolithiasis 
has high incidence rates in Southeast Asia and is associated 
with a 6- to 50-fold increased risk for iCCA.2 Cirrhosis has been 
identified as a possible independent risk factor for iCCA.12 Data 
on hepatitis B virus and hepatitis C virus as risk factors for CCA 
show prevalence-based variability and require further valida-
tion.2 Importantly, obesity, diabetes and the metabolic syndrome 
have recently been suggested as risk factors for CCA but data 
are inconsistent.2,13 In the context of globally increasing inci-
dence rates of obesity, metabolic syndrome and iCCA, clarifica-
tion of their associations will be important.

PATHOLOGY

Based upon their macroscopic growth pattern, CCA are clas-
sified as mass-forming, periductal-infiltrating or intraductal-
papillary. iCCA are predominantly mass-forming, while pCCA 
are typically periductal-infiltrating. Histopathologically, 90% 
to 95% of CCA are adenocarcinomas of moderate to poor dif-
ferentiation, with characteristic mucin expression and highly 
desmoplastic stroma (Fig. 2).8,14 CK7 and CK19 expression are 
characteristic of CCA, but both proteins can also be expressed in 
hepatocellular carcinoma (HCC) and metastatic adenocarcino-
mas.

PATHOGENESIS

CCA is an epithelial malignancy originating from transformed 
cholangiocytes, with preclinical studies suggesting hepatic pro-

Fig. 2. Cholangiocarcinoma (CCA) histopathology. Characteristic 
histopathology of CCA (H&E, ×20). Between 90% and 95% of CCA 
are adenocarcinomas of poor to moderate differentiation. Tumor cells 
are cuboidal to columnar and form glandular and tubular structures. 
Highly desmoplastic stroma and mucin are characteristic of CCA. 
(Courtesy of Dr. Wai Chin Foo, MD Anderson Cancer Center, Hous-
ton, TX, USA).

Table 1. Risk Factors for Cholangiocarcinogenesis

Established risk factors

   Primary sclerosing cholangitis

   Hepatobiliary parasites (Opisthorchis viverrini, Clonorchis sinensis)

   Hepatolithiasis

   Caroli’s disease

   Choledochal cysts (types I and IV)

   Thorotrast

Possible risk factors

   Cirrhosis

   HBV

   HCV

   Diabetes mellitus

   Obesity

   Chronic alcohol use (>80 g/day)

   Tobacco 

   Biliary enteric drainage procedures

   Toxins (dioxins, polyvinyl chloride)

HBV, hepatitis B virus; HCV, hepatitis C virus.
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Tumor phenotypes
CCA is an extremely heterogeneous group of malignancies 
in its genomic, histological, morphological, biological, and 
clinical features. Apart from the anatomical classification 
of tumors (ie, intrahepatic, perihilar, or distal), they are 
further divided into mass-forming, periductal, and intra-
ductal, based on their gross appearance, as illustrated in 
Figure 4. CCAs can present as a single or multiple growth 
type, such as periductal infiltrating plus mass-forming. The 
most common growth type is mass-forming, accounting for 
40%–42% of tumors.35

Histologically, >90% of CCA are adenocarcinomas. 
Other microscopic types include adenosquamous and 
squamous carcinoma, and rare subtypes.36 The tumors show 
various grades of differentiation:  poor, moderate, and well. 
Those with low-grade or well-differentiated types have 
better prognosis and lower incidence of distal metastases 
than with high-grade carcinomas.35 Combined hepatocel-
lular–CCAs can present within the same liver. It is a rare 
type of primary liver cancer that shows histopathological 
features of both HCC and CCA, and accounts for 1%–15% 
of all CCAs.36

Various risk factors of CCA and associated pathologies, 
diverse histological features, and tumoral genomic heteroge-
neity cast doubt on the cellular origin. Additionally, due to 
the fact that CCA can arise as a result of hepatocyte injury, 
such as viral hepatitis and alcoholic liver disease, it is prob-
able that CCA can arise from hepatocytes, and not invariably 
from the cholangiocytes lining the biliary tree.37

CCA carcinogenesis from hepatocytes was observed 
incidentally via the activation of the oncogenes, NOTCH and 
AKT, in vivo. Evidence from hepatocyte fate-tracing experi-
ments, which enables tracking of the fate of cells in living 
mice, showed that activated NOTCH signaling, in combina-

tion with AKT overexpression, promotes tumorigenesis in the 
early stages of intrahepatic bile duct carcinomas.38 NOTCH 
signaling is also known to play an important role during 
the embryonic development of liver architecture, including 
cholangiocyte differentiation and biliary duct development.

Genome-wide analysis studies revealed the global gene 
expression patterns and transcription mutations in CCA. 
Intrahepatic tumors showed greater genomic heterogeneity 
than tumors arising outside the liver (2,354 genes with altered 
expression vs 545).39 To further capture CCA molecular 
profile, somatic mutational screening studies identified sev-
eral mutated genes. KRAS mutations and loss-of-function 
mutations of TP53 are the most commonly altered genes 
in CCA, reported in around 10%–45% and 21% of cases, 
respectively. Multiple gene alterations were identified by vari-
ous molecular profiling techniques and described molecular 
heterogeneity of CCA tumors. Different molecular expression 
profiles were associated with the tumor anatomical location, 
and several mutations were shown to be significantly asso-
ciated with poor prognosis. The molecular mutations that 
characterize CCAs include IDH1, IDH2, ARID1A, PIK3CA, 
BAP1, and NRAS.40

 Furthermore, exome sequencing has identified charac-
teristic mutational patterns in liver fluke-related bile duct 
cancers, distinct from non-infection-related bile duct can-
cers.41 In addition, it is of interest to note that infection with 
O. felineus induces intraepithelial neoplasia of the biliary tract 
in a rodent model, further garnering evidence for the direct 
link between liver-fluke infections and CCA.42

Overall, tumoral phenotypic characterization (genomic, 
epigenetic, and molecular) is associated with tumor aggres-
siveness, prognosis, and response to therapy, thus potentially 
indicating the best therapeutic approach to tailor personalized 
treatment for each patient. Therefore, it should be a key strand 
of future research to identify new potential therapeutic targets 
for treating CCAs, based on their phenotypic signature, in 
order to enable patient stratification.3

Diagnosis
CCA diagnosis is often complex and requires the use of 
multiple diagnostic modalities to 1) establish strictures ana-
tomical location; 2) distinguish between benign and malig-
nant strictures; 3) differentiate CCA from gallbladder, other 
primary liver tumors, and combined hepatocellular–CCAs; 4) 
stage and grade the tumors; and 5) plan treatment approach. 
This is often difficult owing to the tumor anatomical loca-
tion, desmoplastic nature, and lack of definitive diagnostic 
tests.36,43

Mass-forming Periductal infiltrating Intraductal

Figure 4 Morphologic classification of CCA.
Note: The gross appearance of CCA tumors can present with three patterns of 
growth: mass-forming, periductal infiltrating, and intraductal.
Abbreviation: CCA, cholangiocarcinoma.
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Presentation
• Clinical

– Early symptoms non-specific.
– Abdominal pain or discomfort,
– Anorexia,
– Weight loss
– Pruritus
– Jaundice – only for complete obstruction
– Cholangitis is uncommon (30% have bacterbilia).

• Incidental
– Abnormalities on routine blood testing
– Imaging

• Screening - PSC



Diagnosis and work-up

• Diagnosing

• Staging

• Assessing resectability



Differential diagnosis of a hilar stricture
(A) Dominant stricture in PSC
(B) Hepatolithiasis and recurrent pyogenic cholangitis
(C) Mirizzi syndrome
(D) Inflammatory-infiltrative

(a) Inflammatory pseudotumour
(b) IgG4 related Cholangiopathy
(c) Eosinophilic cholangiopathy
(d) Follicular cholangiopathy
(e) Xanthogranulomatous cholangitis
(f) Mast cell cholangiopathy
(g) Sarcoidosis

(E) Infective
(a) Cholangiopathy in the immunocompromised

(i) AIDS cholangiopathy
(ii) Primary immunodeficiency

(b) Bacterial
(c) Biliary tuberculosis
(d) Fungal
(e) Parasitic

(F) Vascular
(a) Portal hypertensive biliopathy
(b) Ischaemic cholangiopathy

(G) Toxic
(a) Postchemotherapy
(b) Thorotrast-induced granuloma

(H) Trauma
(a) Biliary
(b) Systemic

(I) Tumours
(a) Malignant

(i) Gall bladder carcinoma
(ii) Hepatocellular carcinoma
(iii) Lymphoepithelioma-like carcinoma
(iv) Neuroendocrine tumours
(v) Granular cell tumour
(vi) Lymphoma
(vii) Leukemia
(viii) Myeloma

(ix) Other metastasis
(b) Benign

(i) Neurilemmoma
(J) Miscellaneous

(a) Proliferative cholangitis
(b) Nonparasitic cysts
(c) Erdheim-Chester disease
(d) Ormond’s disease
(e) Heterotopic pancreas/stomach
(f) Cholecystohepatic duct with absent common hepatic 

duct
(K) Idiopathic
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Differential diagnosis of a hilar stricture

• Dominant stricture in PSC
• Hepatolithiasis
• Mirizzi syndrome
• IgG4 related cholangiopathy
• Xanthogranulomatous cholecystitis/cholangitis
• HIV-cholangiopathy
• Ischaemic cholangiopathy
• Gallbladder carcinoma



Diagnosis - imaging

• Tumour
• Liver
• Bile ducts

Options
• Tumour/liver - CE-US, CE-CT, CE-MRI
• Bile ducts – MRCP/ERCP/PTC









Diagnosis - pathology

• Brush cytology

• Cholangioscopy + biopsies

‹

‹

‹

‹

‹

Sensitivity Specificity

Brush cytology ∼ 45% ∼ 80%

Biopsy ∼ 55% ∼ 90%



Staging - AJCC 8th Edition
104  |     FORNER Et al.

TA B L E  1   Staging of cholangiocarcinoma (AJCC 8th Edition).

 dCCA pCCA iCCA

Primary tumour (T)

TX Primary tumour cannot be assessed Primary tumour cannot be assessed Primary tumour cannot be 
assessed

T0 n/a No evidence of primary tumour No evidence of primary 
tumour

Tis Carcinoma in situ/high-grade 
dysplasia

Carcinoma in situ/high-grade dysplasia Carcinoma in situ (intraductal 
tumour)

T1 Tumour invades the bile duct wall 
with a depth <5 mm

Tumour confined to the bile duct, with extension up to 
the muscle layer fibrous tissue

—

T1a — — Solitary tumour ≤5 cm without 
vascular invasion

T1b — — Solitary tumour >5 cm without 
vascular invasion

T2 Tumour invades the bile duct wall 
with a depth of 5-12 mm

Tumour invades beyond the wall of the bile duct to 
surrounding adipose tissue, tumour invades adjacent 
hepatic parenchyma

Solitary tumour with 
intrahepatic vascular 
invasion or multiple tumours 
(with or without vascular 
invasion)

T2a — Tumour invades beyond the wall of the bile duct to 
surrounding adipose tissue

—

T2b — Tumour invades adjacent hepatic parenchyma —

T3 Tumour invades the bile duct wall 
with a depth >12 mm

Tumour invades unilateral branches of the portal vein 
hepatic artery

Tumour perforating the 
visceral peritoneum

T4 Tumour involves the celiac axis, 
superior mesenteric artery, and/
common hepatic artery

Tumour invades the main portal vein, its branches 
bilaterally, the common hepatic artery; unilateral 
second-der biliary radicals with contralateral portal 
vein hepatic artery involvement

Tumour involving local 
extrahepatic structures by 
direct invasion

Regional lymph nodes (N)

NX Regional lymph nodes cannot be 
assessed

Regional lymph nodes cannot be assessed Regional lymph nodes cannot 
be assessed

N0 No regional lymph node metastasis No regional lymph node metastasis No regional lymph node 
metastasis

N1 Metastasis in one to three regional 
lymph nodes

One to three positive lymph nodes typically involving 
the hilar, cystic duct, common bile duct, hepatic 
artery, posterior pancreatoduodenal, and portal vein 
lymph nodes

Regional lymph node 
metastasis present

N2 Metastasis in four or more regional 
lymph nodes

Four or more positive lymph nodes from the sites 
described for N1

—

Distant metastasis (M)

M0 No distant metastasis No distant metastasis No distant metastasis

M1 Distant metastasis Distant metastasis Distant metastasis present

Prognostic stage groups

0 Tis, N0, M0 Tis, N0, M0 Tis, N0, M0

I T1, N0, M0 T1, N0, M0 —

Ia — — T1a, N0, M0

Ib — — T1b, N0, M0

II T1, N0, M0 T2a-b, N0, MO T2, N0, M0

IIa T1N1/T2N0, M0 — —

IIb T2N1/T3N0/T3N1, M0 — —

IIIa T1-3, N2 M0 T3, N0, M0 T3, N0, M0

IIIb T4, Any N, M0 T4, N0, M0 T4, Any N, M0 / Any T, N1, M0

(Continues)



Defining resectability

Review

Gut and Liver, Vol. 11, No. 1, January 2017, pp. 13-26

Cholangiocarcinoma (CCA) is the second most common 
primary malignancy. Although it is more common in Asia, 
its incidence in Europe and North America has significantly 
increased in recent decades. The prognosis of CCA is dismal. 
Surgery is the only potentially curative treatment, but the 
majority of patients present with advanced stage disease, 
and recurrence after resection is common. Over the last two 
decades, our understanding of the molecular biology of this 
malignancy has increased tremendously, diagnostic tech-
niques have evolved, and novel therapeutic approaches have 
been established. This review discusses the changing epide-
miologic trends and provides an overview of newly identified 
etiologic risk factors for CCA. Furthermore, the molecular 
pathogenesis is discussed as well as the influence of etiol-
ogy and biliary location on the mutational landscape of CCA. 
This review provides an overview of the diagnostic evaluation 
of CCA and its staging systems. Finally, new therapeutic op-
tions are critically reviewed, and future therapeutic strategies 
discussed. (Gut Liver 2017;11:13-26)

Key Words: Cholangiocarcinoma, Bile duct, Cancer, Hepato-
biliary, Neoplasia

INTRODUCTION

Cholangiocarcinoma (CCA) is the most common biliary tract 
malignancy and the second most common primary hepatic 
malignancy.1 It is classified into intrahepatic (iCCA), perihi-
lar (pCCA), and distal (dCCA) subtypes (Fig. 1). The latter two 
subtypes were previously grouped as extrahepatic CCA but are 
now considered distinct entities based upon differences in their 
tumor biology and management. pCCA is the most common 
subtype. The prognosis of CCA is considered dismal. However, 
our understanding of its molecular tumor biology has increased, 
and advances in its surgical and nonsurgical management have 

resulted in improved outcomes and potentially curative treat-
ments for selected patients.

EPIDEMIOLOGY

Hepatobiliary malignancies account globally for 13%, and 
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Fig. 1. Cholangiocarcinoma classification. Classification of cholan-
giocarcinoma based on its anatomic location within the biliary tree 
into intrahepatic, perihilar, and distal cholangiocarcinoma. Intrahe-
patic cholangiocarcinomas (iCCA) are located proximal to the sec-
ondary branches of the left and right hepatic ducts. Perihilar cholan-
giocarcinoma (pCCA) describes tumors located between the secondary 
branches of the right and left hepatic ducts and the common hepatic 
duct proximal to the cystic duct origin. Distal cholangiocarcinoma 
(dCCA) describes tumors of the common bile duct (CBD), up to but 
not including the ampulla Vateri. The dCCA within the intrapancre-
atic portion of the CBD can be difficult to distinguish from pancreatic 
head carcinomas. 
RA, right anterior segmental duct; RP, right posterior segmental duct; 
RHD, right hepatic duct; LHD, left hepatic duct; CHD, common he-
patic duct; CD, cystic duct; GB, gallbladder. 

Sufficient FLR 
R0 resection



The future liver remnant

• Sufficient volume and quality
– to sustain immediate post-operative 

function

– to allow sufficient post-resection 
regeneration

• Intact arterial and portal supply 
and biliary and venous drainage

normal variations in the contributions of the
hepatic segments to TLV may improve the system-
atic preoperative evaluation of patients scheduled
to undergo extended hepatic resection or living
donor transplantation. In this study, we measured
hepatic segment volumes in 102 Western patients
without liver disease who underwent CT for
conditions unrelated to the liver or biliary tree.
Variations in the volumes of each segment and of
the whole liver were analyzed.

METHODS

TLVand segmental liver volumes were measured
in 102 individuals who underwent helical CT for
conditions unrelated to the hepatobiliary system
and who had no known liver disease (cirrhosis,
fibrosis, or steatosis). Patients with conditions
potentially affecting the biliary tree (eg, pancreatic
cancer) or associated with diffuse liver disease (eg,
lymphoma) were excluded. The 102 patients re-
ported in this study represent a subset of 292
patients from a recent study reporting the associ-
ation between TLV and body surface area (BSA).12

As indicated in this study, these patients belonged
to a homogeneous white population.

CT images were acquired using a multidetector
spiral CT scanner (Lightspeed, General Electric,
Milwaukee, WI) at a single center (Lausanne,
Switzerland). The data were collected by 2 radio-
logists (AD and PC). Images were obtained by use of
a 5-mm slice thickness 60 seconds after injection of
100mL of contrast medium (iopentol; Imagopaque
300). Liver volumes were calculated with an Ad-
vantage Windows workstation (Advantage Windows
software version3.1,GEMedical Systems,Waukesha,
Wis). The contours of the liver were delineated
consecutively on the screen; the gallbladder and
vena cava were excluded. Volumes were calculated
by summation of slice volumes (determined by
multiplying the surface area by the slice thickness
plus space between slices). The Brisbane 2000
Terminology recommended for liver resection was
used (Fig 1).18

TLV and the volumes of the following Couinaud
segments were measured: segment I; segments II
and III (bisegment II+III or left lateral section);
segment IV; segments II, III, and IV (left liver or left
hemiliver); and segments V, VI, VII, and VIII (right
liver or right hemiliver). Segments VI and VII (right
posterior section) was notmeasured separately for 2
reasons. First, the variability of the intrahepatic
right hepatic vein and its major branches19 reduces
the accuracy of CT-based volume estimation of this
section. Second, because of the consistently large

size of the right posterior liver compared to biseg-
ment II and II (left lateral section), the residual liver
after left trisectionectomy is almost always adequate
in patients with normal underlying liver. In fact,
preoperative portal vein embolization before left
trisectionectomy is very rarely indicated.20,21

The liver segments were delimited on the basis
of hepatic vascular anatomy as described in the
anatomic work of Couinaud.22 The single excep-
tion to this practice concerned the separation of
segment IV from segments II and III because the
anatomic landmark that separates these segments
(falciform ligament) is not consistently visible on
CT. The following method was used: the inferior
portion of segments II and III was delimited
medially by the plane of the umbilical portion of
the left portal vein. More caudally, a line was drawn
joining the left side of the inferior vena cava to the
plane of the umbilical portion of the left portal
branch. Tissue located to the left of this plane
corresponds to bisegment II+III (left lateral sec-
tion), and tissue located to the right of this plane
corresponds to segment IV. The plane of the
middle hepatic vein directed toward the gallblad-
der fossa delineated the right border of segment IV.

Segment I was outlined according to the work of
Couinaud22 and recent recommendations regard-
ing the terminology of the caudate lobe.23 The
Spiegel lobe is readily identified to the left of the
vena cava below the left main portal pedicle and
the left hepatic vein. The paracaval portion of the

Fig 1. Brisbane 2000 terminology for liver resection.18
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Bismuth-Corlette classification for hilar CCC

The descriptions correlate with the operations required for R0 
resection and establishment of biliary continuity



Detailed local staging required

• Bile duct involvement
– ERCP
– MRCP
– PTC

• Vascular involvement (arterial and venous)
– CE-MDCT
– MRI



• Bilateral extension of tumour to secondary biliary 
radicles

• Main portal vein encasement or occlusion 
proximal to its bifurcation 

• Unilateral tumor extension to secondary bile ducts 
with contralateral vascular encasement/occlusion

• Atrophy of one hemi-liver with contralateral 
vascular encasement or secondary biliary 
extension

Specific contraindications for surgery



Surgical components

• Resection of affected bile ducts
• Resection of the extrahepatic bile ducts
• Lymph node dissection in hepatoduodenal

ligament
• Cholecystectomy
• Liver resection (including routine resection of  

segment 1)



Author (year) n Concomitant Liver         % R0           5-year
Resection (%)             Resection Survival (%)

Cameron (1990) 39 20 15 8 

Gerhards (2000) 112 29 14 -

Su (1996) 49 57 24 15 

Hadjis (1990) 27 60 56 22 

Jarnagin (2001) 80 78 78 27 

Klempnauer (1997) 147 79 79 28 

Neuhaus (1999) 95 85 61 22 

Kosuge (1999) 65 88 88 33 

Nimura (1990) 55 98 83 40

Resection results – H-CCC





Controversies

• PET

• Pre-operative biliary drainage

• Laparoscopy

• Volume manipulation

• Transplantation



PET

• Low sensitivity - false negatives due to low 
volume metastases

• Reasonable specificity  - false positives due to 
stents or recent cholecystectomy



Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



• Endoscopic (n=27) or PTC (n=27). 

• Severe drainage-related complications: 

PTC=17 (63%) vs. endoscopic = 18 (67%)

• Mortality: PTC = 11 (41%) vs. 3 (11%)
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Endoscopic versus percutaneous biliary drainage in patients 
with resectable perihilar cholangiocarcinoma: a multicentre, 
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Summary
Background In patients with resectable perihilar cholangiocarcinoma, biliary drainage is recommended to treat 
obstructive jaundice and optimise the clinical condition before liver resection. Little evidence exists on the preferred 
initial method of biliary drainage. We therefore investigated the incidence of severe drainage-related complications of 
endoscopic biliary drainage or percutaneous transhepatic biliary drainage in patients with potentially resectable 
perihilar cholangiocarcinoma.

Methods We did a multicentre, randomised controlled trial at four academic centres in the Netherlands. Patients who 
were aged at least 18 years with potentially resectable perihilar cholangiocarcinoma requiring major liver resection, 
and biliary obstruction of the future liver remnant (defined as a bilirubin concentration of >50 μmol/L [2·9 mg/dL]), 
were randomly assigned (1:1) to receive endoscopic biliary drainage or percutaneous transhepatic biliary drainage 
through the use of computer-generated allocation. Randomisation, done by the trial coordinator, was stratified for 
previous (attempted) biliary drainage, the extent of bile duct involvement, and enrolling centre. Patients were enrolled 
by clinicians of the participating centres. The primary outcome was the number of severe complications between 
randomisation and surgery in the intention-to-treat population. The trial was registered at the Netherlands National 
Trial Register, number NTR4243.

Findings From Sept 26, 2013, to April 29, 2016, 261 patients were screened for participation, and 54 eligible patients 
were randomly assigned to endoscopic biliary drainage (n=27) or percutaneous transhepatic biliary drainage (n=27). 
The study was prematurely closed because of higher mortality in the percutaneous transhepatic biliary drainage 
group (11 [41%] of 27 patients) than in the endoscopic biliary drainage group (three [11%] of 27 patients; relative risk 
3·67, 95% CI 1·15–11·69; p=0·03). Three of the 11 deaths among patients in the percutaneous transhepatic biliary 
drainage group occurred before surgery. The proportion of patients with severe preoperative drainage-related 
complications was similar between the groups (17 [63%] patients in the percutaneous transhepatic biliary drainage 
group vs 18 [67%] in the endoscopic biliary drainage group; relative risk 0·94, 95% CI 0·64–1·40). 16 (59%) patients 
in the percutaneous transhepatic biliary drainage group and ten (37%) patients in the endoscopic biliary drainage 
group developed preoperative cholangitis (p=0·1). 15 (56%) patients required additional percutaneous transhepatic 
biliary drainage after endoscopic biliary drainage, whereas only one (4%) patient required endoscopic biliary drainage 
after percutaneous transhepatic biliary drainage.

Interpretation The study was prematurely stopped because of higher all-cause mortality in the percutaneous 
transhepatic biliary drainage group. Post-drainage complications were similar between groups, but the data should be 
interpreted with caution because of the small sample size. The results call for further prospective studies and 
reconsideration of indications and strategy towards biliary drainage in this complex disease.

Funding Dutch Cancer Foundation.

Copyright © 2018 Elsevier Ltd. All rights reserved.

Introduction
Perihilar cholangiocarcinoma is a rare tumour 
originating in the bile ducts at the liver hilum, which 
typically causes biliary obstruction.1 Surgical resection, 
through the use of combined extrahepatic bile duct 
resection and extended liver resection, offers a median 
survival of 19–39 months.2 Extended liver resection in 

cholestatic patients is associated with postoperative 
mortality of up to 18%.2–5 Preoperative biliary drainage 
aims to reduce jaundice, which decreases bacterial 
translocation and improves nutritional status, liver 
function, immune dysfunction, and the ability of the 
liver to regenerate after resection.6,7 Consequently, 
preoperative biliary drainage can reduce postoperative 

Coelen RJS, et al. Lancet Gastroenterol Hepatol. 2018;3:681-690





Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



Current approach

Drainage of the FLR only if:

• cholangitis

• bilirubin level exceeding 350 umol/L

• FLR below 40%. 



Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



Laparoscopy – selective vs. routine

• High CA 19-9

• Extensive tumour

• Suspicion of peritoneal 
metastases



Pre-operative biliary drainage

• ERCP vs. PTC

• Unilateral or bilateral

• Routine vs. selective for FLR

• Plastic vs. metal



Volume manipulation
PVE/PVL vs ALPPS

Linecker M, et al. Surgery 2017;161:453-464
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reduction of prestage 1 risk, which reflects patient selection,
is associated with a decrease in major interstage complications
(P ¼ 0.011; OR 1.26, 95% CI 1.06–1.51; Supplementary Table 4,
http://links.lww.com/SLA/B310). Furthermore, less invasive ALPPS
variants were associated with a reduction of major interstage com-
plications (P ¼ 0.035; OR 0.40; 95% CI 0.17–0.94; Supplementary
Table 4, http://links.lww.com/SLA/B310), underlining the impact of
less invasive techniques on favorable interstage course.

DISCUSSION
This longitudinal cohort study demonstrated for the first time

that risk adjustment in patient selection, and technical modifications
toward less invasive ALPPS procedures, and interstage management
occurred over time. These changes resulted in a continuous drop of
early mortality and major postoperative morbidity, which has mean-
while reached standard outcome accepted for major liver surgery.

ALPPS has initiated hot debates on its safety and efficacy
among experienced hepatobiliary surgeons with opposite attitudes of
advocating or refusing this procedure.7 One major drawback of this
procedure is the high early mortality rate, which was reported in
initial series between 10% and 20%.9,11–13,16 Even a recent ALPPS
registry analysis looking at centers with"5 registered patients found

an overall 90-day mortality rate of 9%.15 Today, these data need to be
put in perspective since 5 years have passed since the inaugural
description of ALPPS1,2 and 8 years since the first recorded cases in
the ALPPS registry. However, previous ALPPS studies analyzed only
pooled data of entire time periods10,15,17 but longitudinal observation
studies, which are focused on change in patient characteristics and
outcome over time, are generally rare in surgical mortality studies18

and have not yet been reported in ALPPS. To monitor changes or
adjustments over time, a longitudinal study design requires a mini-
mum length of observation period as well a minimum number of
ALPPS cases performed within this period. To consider these
requirements, we included only centers, which reported at least
10 cases over a minimum period of 3 years.

The central observation of the study is the dramatic decrease in
early mortality after ALPPS. The unacceptable 90-day mortality rate
of 17% in the early pioneer period steadily improved to 4% in 2015.
This favorable development represents a major milestone for ALPPS
that now compares with the standard outcome accepted for major
liver surgery7,19 To study which factors are the main contributors for
this development, we dissected the analysis into 3 categories looking
at adjustment of patient selection, technical modification, and
interstage management.
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FIGURE 1. Decline of ALPPS associated 90-day mortality (A). Mortality rates significantly improved from 16.7%, 16.5%, 12.9%,
9.5%, to 3.8% in the respective years#2011, 2012, 2013, 2014, and 2015 (P¼ 0.009). Reduction of early mortality over time was
associated with a gradual decline of the mean predicted prestage 1 and prestage 2 mortality risks indicating risk reduction. Prestage
1 and prestage 2 mortality risks were calculated for each patient according to the previously published ALPPS risk formuala15 using
the variables age, tumor entity, interstage complications "3b, and prestage 2 serum bilirubin and creatinine. Mean predicted risks
dropped in the prestage 1 model from 12.4%, 11.0%, 10.3%, 10.3%, to 6.0% (P < 0.001) and in the prestage 2 model from
11.6%, 13.2%, 11.0%, 8.6% to 3.1% (P < 0.001) in the annual periods #2011, 2012, 2013, 2014, and 2015. Total and major
interstage complications dropped from 78% to 56% (P ¼ 0.001), and 10% to 3% (P ¼ 0.020) in the periods #2011 and 2015 (B).
Indications for ALPPS significantly changed over time with an increase in CRLM and a decline in biliary tumors (C). (D) This illustrates
the technical development of ALPPS over time. PVE-ALPPS, Partial ALPPS, Laparoscopic ALPPS, Tourniquet ALPPS, and Mini-ALPPS
were categorized as ‘‘modified ALPPS’’ as opposed to ‘‘classic’’ ALPPS as initially described.1,2 In 2015, 52% were modified ALPPS as
compared with 31% in #2011. Partial ALPPS was the most common technical modification, representing 68% of all technically
modified ALPPS.
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ALPPS versus conventional surgery

• ALPPS registry and MSKCC/AMC cohorts

• 90 day mortality 48% vs. 28%

• median OS 6 vs. 27 months

Olthof PB et al. HPB. 2017;19:381-387



Liver transplant
• Contraindicated for intrahepatic CCC
• Experimental for hilar CCC
• With rigorous patient selection 5-year recurrence-

free survival 65–70%
• Neo-adjuvant treatment pre-transplant
– external beam radiotherapy (EBRT) - 4500 cGy
– continuous infusion of 5-FU during EBRT
– brachytherapy boost - trans-catheter Iridium-192
– Xeloda for 2 weeks in every 3-week period until 

transplantation



Shroff RT, et al. J Clin Oncol. 2019 Apr 20;37(12):1015-1027 

• All patients - adjuvant capecitabine for a 
duration of 6 months

• Extrahepatic cholangiocarcinoma and an R1 
resection - may be offered chemoradiation
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Adjuvant Therapy for Resected Biliary Tract
Cancer: ASCO Clinical Practice Guideline
Rachna T. Shroff, MD1; Erin B. Kennedy, MHSc2; Melinda Bachini3; Tanios Bekaii-Saab, MD4; Christopher Crane, MD5;
Julien Edeline, MD, PhD6; Anthony El-Khoueiry, MD7; Mary Feng, MD8; Matthew H.G. Katz, MD9; John Primrose, MD10;
Heloisa P. Soares, MD, PhD11; Juan Valle, MD12; and Shishir K. Maithel, MD13

abstract

PURPOSE To develop an evidence-based clinical practice guideline to assist in clinical decision making for
patients with resected biliary tract cancer.

METHODS ASCO convened an Expert Panel to conduct a systematic review of the literature on adjuvant therapy
for resected biliary tract cancer and provide recommended care options for this patient population.

RESULTS Three phase III randomized controlled trials, one phase II trial, and 16 retrospective studies met the
inclusion criteria.

RECOMMENDATIONS Based on evidence from a phase III randomized controlled trial, patients with resected
biliary tract cancer should be offered adjuvant capecitabine chemotherapy for a duration of 6 months. The
dosing used in this trial is described in the qualifying statements, while it should be noted that the dose of
capecitabine may also be determined by institutional and regional practices. Patients with extrahepatic
cholangiocarcinoma or gallbladder cancer and a microscopically positive surgical resection margin (R1 re-
section) may be offered chemoradiation therapy. A shared decision-making approach is recommended,
considering the risk of harm and potential for benefit associated with radiation therapy for patients with ex-
trahepatic cholangiocarcinoma or gallbladder cancer. Additional information is available at www.asco.org/
gastrointestinal-cancer-guidelines.

J Clin Oncol 37:1015-1027. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Biliary tract cancers include cancer of the intrahepatic
bile ducts, perihilar and distal extrahepatic bile ducts,
and the gallbladder. There were an estimated 12,190
new diagnoses and 3,790 deaths from gallbladder and
extrahepatic bile duct cancer in the United States in
2018.1 Five-year relative survival rates range from 2%
to 15% and from 2% to 30% for intrahepatic and
extrahepatic cholangiocarcinoma, respectively,2 while
the 5-year relative survival rate for gallbladder cancer
ranges from 2% to 70%, depending on stage.3 Hilar
tumors account for approximately 60% to 70% of
cholangiocarcinomas.4 Gallbladder cancer is the most
common site of biliary tract cancer and is also asso-
ciated with shorter time to recurrence and survival time
after recurrence than hilar cholangiocarcinoma.5 Bil-
iary tract cancers are relatively rare in the Western
world; however, higher incidence clusters have been
found in some areas of Asia and the Andes.6

Biliary tract cancers usually present at an advanced
stage, and only approximately 20% of tumors are
considered resectable.7 Surgery is the primary curative

treatment option for early-stage biliary tract cancer;
however, due to the high rates of recurrence with
resection alone, there remains a need for effective
adjuvant therapy to improve rates of relapse-free
survival (RFS) and overall survival (OS), while main-
taining health-related quality of life.8

Studies of adjuvant treatment options have historically
been small, retrospective, and nonrandomized and in-
clude a mix of patients with gallbladder and other biliary
tract tumors.9 In addition, recommendations from clinical
practice guidelines have largely been consensus
based.5,10,11 Recently, results from prospective trials
of adjuvant therapy for biliary tract cancers have been
published, including randomized controlled compari-
sons of chemotherapy options compared with observa-
tion and a prospective single-arm trial of chemoradiation.
The purpose of this guideline development project is to
review this newer evidence and provide evidence-based
recommendations for adjuvant therapy for patients with
resected biliary tract cancer, as well as to consider
recommendations for patients who are at higher risk
for microscopically positive resection margins.
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