
vein embolization and staging laparoscopy should be 
considered in selected patients. Additional evidence is 
needed to fully define the role of orthotopic liver trans-
plant. Portal and lymph node involvement worsen the 
prognosis and long-term survival, and surgery is the only 
option that can lengthen it. Improvements in adjuvant 
therapy are essential for improving long-term outcome. 
Furthermore, the lack of effective chemotherapy drugs 
and radiotherapy approaches leads us to can consider R1 
resection as an option, because operated patients have a 
longer survival rate than those who not undergo surgery.
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Core tip: Klatskin described the specific clinical char-
acteristics in 1965, and the tumor is often referred to 
as Klatskin tumor. Cholangiocarcinomas (CC) are the 
second most frequent primary hepatic malignancy. Hilar 
cholangiocarcinoma (HCC) is the most common type, 
and accounts most of CC cases. These tumors are slow-
ly growing, and have a tendency to local spread and 
infrequent distant metastases. The most common pre-
sentation is with the onset of jaundice. The majority of 
HCC are small infiltrating tumors. Long-term survival in 
patients with HCC depends critically on complete tumor 
resection. This work is an important update concerning 
outcome of surgical management in Klatskin tumors.
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INTRODUCTION
Carcinomas arising from the confluence of  the hepatic 
ducts were first described by Altemeier et al[1]. Klatskin[2] 
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Abstract 
Cholangiocarcinomas are the second most frequent 
primary hepatic malignancy, and make up from 5% to 
30% of malignant hepatic tumours. Hilar cholangiocar-
cinoma (HCC) is the most common type, and accounts 
for approximately 60% to 67% of all cholangiocarci-
noma cases. There is not a staging system that permits 
us to compare all series and extract some conclusions 
to increase the long-survival rate in this dismal disease. 
Neither the extension of resection, according to the 
sort of HCC, is a closed topic. Some authors defend 
limited resection (mesohepatectomy with S1, S1 plus 
S4b-S5, local excision for papillary tumours, etc .) while 
others insist in the compulsoriness of an extended he-
patic resection with portal vein bifurcation removed to 
reach cure. As there is not an ideal adjuvant therapy, 
R1 resection can be justified to prolong the survival 
rate. Morbidity and mortality rates changed along the 
last decade, but variability is the rule, with morbidity 
and mortality rates ranging from 14% to 76% and from 
0% to 19%, respectively. Conclusion: Surgical resec-
tion continues to be the main treatment of HCC. Nega-
tive resection margins achieved with major hepatic 
resections are associated with improved outcome. Pre-
resectional management with biliary drainage, portal 
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described the specific clinical characteristics in 1965, and 
the tumor is often referred to as Klatskin tumor. Chol-
angiocarcinomas (CC) are the second most frequent pri-
mary hepatic malignancy and make up from 5% to 30% 
of  malignant hepatic tumors. Hilar cholangiocarcinoma 
(HCC) is the most common type, and accounts for ap-
proximately 60% to 67% of  all CC cases (intrahepatic, 
hilar and distal)[3,4]. These tumors are slowly growing, and 
have a tendency to local spread and infrequent distant me-
tastases. The most common presentation is with the onset 
of  jaundice. The majority of  HCC are small infiltrating 
tumors. Approximately 90% of  malignant-appearing hilar 
strictures prove to be HCC[5].

Adenocarcinoma is the most common histologic 
subtype. Three morphologic subtypes of  cholangiocar-
cinoma have been described: sclerosing (70%), nodular 
(20%), and papillary (5%)[6]. Characteristics of  nodular 
and sclerosing types may coexist.

Long-term survival in patients with HCC depends 
critically on complete tumor resection. In the absence of  
widespread disease, the likelihood of  achieving a com-
plete resection requires examination of  all factors related 
to local tumor extent, which increasingly has become 
possible with non invasive imaging studies[7,8]. Tumor lo-
cation and extent within the biliary tree is only one com-
ponent. Additional factors that must be addressed relate 
to radial tumor growth and its impact on adjacent struc-
tures, specifically portal venous involvement and conse-
quent hepatic lobar atrophy. Perihilar CC’s are focused on 
because liver resection is required in most cases.

STAGING AND RESECTABILITY
The TNM staging system of  the American Joint Com-

mittee on Cancer (AJCC) (Table 1) is the most commonly 
used for staging of  HCC. However, this system is based 
on histological criteria and does not provide information 
on the potential for resectability. de Jong et al[9] conclude 
that the AJCC T-classification criteria did not stratify pa-
tients with regard to prognosis and that depth of  tumor 
invasion is a better predictor of  long-term outcome. Be-
sides that, the histologic type of  tumor may also modify 
the staging and type of  surgery required[10].

Therefore, other staging systems have been used to 
predict resectability and evaluate the extent of  resection. 
The modified Bismuth-Corlette (B-C) classification strati-
fies patients according to the extent of  biliary involve-
ment by tumor[11-13]. Although it does not incorporate 
radial tumor extension, it provides a useful preoperative 
terminology to describe the extension of  the hepatic re-
section that will be necessary to encompass the longitudi-
nal intraductal extension of  HCC.

The preoperative clinical T-staging system of  the Memo-
rial Sloan Kettering Cancer Centre (MSKCC) (Table 2), as 
proposed by Jarnagin and Blumgart (MSKCC), defines 
both the longitudinal and radial extension of  HCC, 
which are critical factors in the determination of  resecta-
bility[14,15]. This staging system incorporates three factors 
based on preoperative imaging studies: (1) location and 
extent of  ductal involvement; (2) presence or absence 
of  portal vein invasion; and (3) presence or absence of  
hepatic lobar atrophy. Criteria for unresectable disease 
include: locally advanced tumor extending to secondary 
biliary radicles bilaterally, unilateral sectional bile ducts 
with contralateral portal vein branch involvement, en-
casement or occlusion of  the main portal vein proximal 
to its bifurcation, and atrophy of  one hepatic lobe with 
contralateral tumor extension to sectional bile ducts. Of  
note, the right bile duct is shorter and therefore more 
likely to be involved when the tumor appears at the con-
fluence. Patients who have distant metastases, including 
metastases to lymph node groups beyond the hepatoduo-

Table 1  Staging of perihilar cholangiocarcinoma (Green FL 
2002)

Tumor, nodes and metastases definitions

Primary tumor
  Tis Carcinoma in situ
  T1 Tumor confined to the bile duct histologically
  T2 Tumor invades beyond the wall of the bile duct
  T3 Tumor invades the liver, gallbladder, pancreas, and/or ipsilateral    
  branches of the portal vein or hepatic artery 
  T4 Tumor invades any of the following: main portal vein or its branches 
  bilaterally, common hepatic artery, or other adjacent structures, such as the 
  colon, stomach, duodenum, or abdominal wall.
Regional lymph nodes
  N0 No regional lymph node metastasis
  N1 Regional lymph node metastases
Metastasis
  M0 No distant metastasis
  M1 Distant metastasis
Stage grouping
  Stage 0 Tis, N0, M0
  Stage IA T1, N0, M0
  Stage IB T2, N0, M0
  Stage IIA T3, N0, M0
  Stage IIB T1, N1, M0 T2, N1, M0 T3, N1, M0
  Stage III T4, any N, M0
  Stage Ⅳ Any T, any N, M1

Table 2  Memorial Sloan Kettering Cancer Centre stage

Stage Hilar involvement    Portal vein Lobar atrophy

T1 Biliary confluence ± 1/2 unilateral 
extension to second-order biliary 
radicles

         No           No

T2 Biliary confluence ± unilateral 
extension to second-order biliary 
radicles

 + Ipsilateral 
 

   + Ipsilateral 
      

Biliary confluence + bilateral 
extension to second-order biliary 
radicles

      Yes/No       Yes/No

Biliary confluence + unilateral 
extension to second-order biliary 
radicles

 + Contralateral        Yes/No

T3 Biliary confluence + unilateral 
extension to second-order biliary 
radicles with contralateral hepatic 
lobar atrophy;

       Yes/No + Contralateral

Biliary confluence + unilateral/
bilateral

        Bilateral        Yes/No
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denal ligament are also unresectable. By incorporating 
these criteria of  resectability, the MSKCC staging system 
has been shown to correlate with both surgical resectabil-
ity and survival, but it still is not the ideal staging[14].

Consequently, the staging systems are not uniform and 
the prognostic factors that can be obtained do not allow a 
rigorous comparison between series. Furthermore, many 
series extend over a prolonged period, frequently longer 
than 20 years. Indeed, these reports lack a uniform ap-
proach to diagnosis, assessment of  disease extent and re-
section, and the evaluation of  the results is hence compli-
cated. Also, most studies come from surgical departments 
and tend to appraise the operating findings and their re-
sults, whereas they do not contribute data of  all the valued 
patients, which makes drawing conclusions difficult.

Characteristics of  the growth pattern of  HCC include: 
transmural invasion of  bile ducts, radial extension into peri-
ductal tissue and adjacent structures, and longitudinal exten-
sion along the bile ducts in the submucosa[16]. The papillary 
phenotype is associated with better prognosis[17]. In contrast, 
longitudinal spread along the duct wall with microscopic 
submucosal extension is characteristic of  mass-forming and 
periductal-infiltrating subtypes; this biologic feature often 
impedes obtaining histologically negative margins[18]. These 
tumors are often accompanied by both direct and lymphatic 
invasion into the periductal tissues, causing marked fibro-
sis and infiltration of  inflammatory cells. These histologic 
changes give a macroscopic similarity between the tumor 
and peritumoral inflammatory changes that make preopera-
tive and intraoperative biopsies diagnostically challenging. 
Radial extension of  HCC is also common, often resulting in 
invasion of  the portal vein, hepatic arteries and the hepatic 

parenchyma adjacent to the hilar plate.
When analysing survival according to staging, Li et al[19] 

in their audit of  215 patients found that the results from 
univariate analyses suggest that histological grade, lymph 
node metastasis, vascular invasion, neuroinvasion, R1 re-
section and T2 or T3 stage were significant predictors for 
poor survival rates; by multivariate analysis, only lymph 
node metastasis and R1 resection were significantly asso-
ciated with poor survival rates.

Series with more than 100 cases in consulted literature 
are scarce, and those ones that fulfil this condition cover 
a prolonged period of  time and are retrospective. The 
resectability rates were highly variable, ranging between 
28% and 95%, and curative resection rates ranged be-
tween 14% and 95%[4,14,15,17,20-42]. Such wide variability of  
resectability is probably due to heterogeneous methods 
of  patient selection, differences in preoperative imaging 
techniques, and the broad range of  data for inclusion in 
these studies. The report of  DeOliveira et al[43] where 282 
HCC patients are assessed, is one of  the biggest published 
series of  only one institution, together with that one of  
Nagoya group, but it covers a 31-year period and is retro-
spective[44]. Apart from the changes in management over 
the course of  a long period of  time, as can be seen in 
Figure 1, the resectability rate in that study was 62% and 
R0 resection was achieved only in 19% of  cases[43].

Even in high-volume centres, the resectability rate is 
about 30% of  all patients with HCC, with the operative mor-
tality rate ranging from 0% to 15%. After curative resection, 
the 1-, 3- and 5-year survival rates range from 50% to 70%, 
30% to 40%, and 10% to 40%, respectively (Figure 1)[14,20,43-48].

The major determinants of  resectability include ex-
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Figure 1  Changes in pre-, intra-, and postoperative management over the course of the study period (With permission. Courtesy of Professor Nimura). 
ENBD: Indicates endoscopic naso-biliary drainage; MDCT: Multidetector-row computed tomography; PTBD: Percutaneous transhepatic biliary drainage; PTCS: Percu-
taneous transhepatic cholangioscopy.
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tent of  vascular invasion, hepatic lobar atrophy, amount 
of  hepatic parenchyma involved, and extent of  spread 
within the biliary tree. Hepatic lobar atrophy with contra-
lateral portal vein or hepatic artery encasement or contra-
lateral tumor extension to secondary biliary radicles may 
preclude resection. Bilateral hepatic disease and presumed 
insufficient hepatic reserve preclude resection. Even with 
current imaging technology, accurate determination of  
tumor resectability pre-operatively may occur in as few 
as 60%-74% of  patients[49,50]. Thus, a number of  patients 
undergoing resection with curative intent will be left with 
a resultant R1 margin status.

ADJUVANT TREATMENT
Adjuvant therapy for CC has not been supported by 
clinical evidence. Recently, gemcitabine has been shown 
to be active, with response rates of  8%-60% and median 
survival of  6-16 mo. Therefore, further studies of  gem-
citabine and of  5-FU plus cisplatin are warranted. For 
HCC, Cheng et al[51] reported better survival for patients 
with Bismuth types Ⅲ/Ⅳ tumors who received adjuvant 
radiotherapy after curative resection. Todoroki et al[41] also 
showed a statistically significance of  radiotherapy for R1 
radical resection of  stage Ⅳa HCC. Thus, radiotherapy 
is potentially beneficial in patients with positive resection 
margins or unresectable tumors. However, Vern-Gross 
concluded that there is no benefit with adjuvant therapy 
in postoperative setting[52].

PREOPERATIVE BILIARY DRAINAGE
The role of  preoperative biliary drainage (PBD) in jaun-
diced patients remains controversial[22,45,53,54]. Actually, 
most patients undergo biliary drainage prior to referral 
for resection, despite the lack of  data showing a benefit. 
Clearly, the presence of  cholangitis mandates biliary de-
compression, but there is no proof  that routine biliary 
drainage in all patients facilitates resection or reduces 
postsurgical morbidity[55,56]. On the contrary, the avail-
able data would suggest that biliary stents are associated 
with greater postoperative infection complications[57,58]. 
Previous studies investigating this issue have been criti-
cized for several design flaws, and whether major hepatic 
resection in the face of  biliary obstruction is associated 
with a greater risk of  liver failure or other complications 
remains an open question[59].

Cherqui et al[53] reported the results of  major hepato-
biliary resection without PBD in 20 patients with biliary 
cancer. Postoperative liver failure rate was 5%, and mor-
tality was documented in the same patients.

PBD is associated with an increased risk of  chol-
angitis and prolonged postoperative hospital stay, and 
can impede the ability to determine the extent of  tumor 
during surgery. Cholangitis after PBD has been reported 
in 20%-60% of  cases and may compromise subsequent 
surgery with patient dropout. Intraoperative bile cultures 
have been found to be positive in 65% of  patients with 

PBD, while the rate was 8% in patients without PBD. 
This may be associated with increased postoperative in-
fections such as wound or intraperitoneal abscesses[60].

 However, unrelieved biliary obstruction is associated 
with hepatic and renal dysfunction and coagulopathy. 
Most patients with HCC will benefit from PBD of  rem-
nant liver to increase post-resection hypertrophy ability. 
Reported complications in transhepatic percutaneous 
catheter placement include: haemobilia, pseudoaneurysm 
of  hepatic artery, fistula between hepatic artery and bile 
duct or between hepatic artery and portal vein, and cath-
eter tract implantation metastases.

Some randomized controlled trials have revealed 
that biliary diversion does not improve perioperative 
results and increases infectious complications. But, also, 
none of  these trials has managed to clarify the safety 
of  major hepatic reaction for cholestatic patients with 
HCC[53,54]. The report of  Laurent et al[58] states some 
conditions to avoid PBD: onset of  jaundice < 2-3 wk, 
total bilirubin < 200 µmol/L, functional remnant liver 
(FRL) > 40%, neither endoscopic retrograde cholagio-
pancreatography nor percutaneous transhepatic cholan-
giography, and no sepsis. Although the results are not 
modified for not to drain, in agreement with other 
authors, undrained patients have a higher postoperative 
morbidity rate and transfusion requirements, and both 
facts are important factors of  tumor recurrence. Thus, 
it may depend on each group’s experience to determine 
whether to use PDB or not. It will be taken into con-
sideration that, if  the conditions described by Laurent 
et al[58] are not fulfilled, there will be more perioperative 
transfusion and morbidity if  the patient is not drained, 
which could affect the overall survival and disease-free 
survival rate. 

PORTAL VEIN EMBOLIZATION 
Resection greater than 80% of  total liver volume is asso-
ciated with major complications and prolonged hospital 
stay in patients with normal liver function, and resection 
greater than 60% is associated with an increase of  major 
complications, postoperative hepatic insufficiency and 
mortality in patients with impaired liver function due to 
chronic liver disease, chronic biliary obstruction or high-
dose chemotherapy[61-64]. Preoperative portal vein emboli-
zation (PVE) was first described in 1986 and is currently 
used to increase FRL volume and function[65].

Randomized controlled trials and individual institu-
tional series support the safety and efficiency of  preop-
erative PVE[20,61,66-69]. A potential disadvantage of  PVE 
is that it may be difficult to determine preoperatively 
whether a right or left hepatectomy will be required if  
the tumor is located centrally in the hilum. At present, 
there is no evidence to support the routine use of  PVE 
for HCC, but PVE should be considered for potentially 
resectable patients with normal liver function when an-
ticipated FRL is less than 20% of  the total liver volume, 
or for patients with compromised liver function when 
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anticipated FRL is less than 40% of  the total liver vol-
ume. Most patients with HCC present with jaundice and 
are considered to have cholestasis-induced compromised 
liver function. There are not many data on the impact 
and real volume of  PVE on FRL liver function increase, 
associated or not to biliary drainage. Only in the second 
period in which their series is divided do Cannon et al[70] 
use PVE in 9.1% of  cases, which means 4.5% out of  a 
total of  110 patients, and despite that use they achieve 
only 62% of  R0 resections.

As a consequence, PVE must be assessed and chosen 
with precaution to avoid the frightening postoperative 
hepatic insufficiency, one of  the main causes of  mortality 
in these patients. Also, its application must be evaluated 
in accordance with a previous surgical plan, which, if  un-
certain, could lead us to use another type of  tactic, such 
as associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS)[71].

LIVER RESECTION: HOW MUCH IS 
ENOUGH?
In the last 20 years the use of  hepatic resection in pa-
tients with HCC has risen. The objective of  all the tech-
niques and of  the tendency to major resection with or 
without resection of  vessels is to obtain free resection 
margins. The 5-year survival rate in patients undergo-
ing non-curative resection for HCC is below 10%[4]. The 
5-year survival rate for operated patients is with curative 
intention 11%-41% (Figure 1). All scientific community 
agrees that surgical resection is the only potentially cura-
tive treatment for CC, but the disease is usually advanced 
at the time of  diagnosis and mostly treated by chemora-
diotherapy or palliative therapy, including biliary drainage 
or stenting. Resectability rates are low because of  early 
infiltration of  the tumor into adjacent structures such as 
hepatic artery, portal vein and caudate lobe. In patients 
treated with curative intent, an extended hemihepatec-
tomy is often needed to achieve negative margins. Preop-
erative jaundice and extended procedures are important 
risk factors for postoperative complications[57]. 

The aims of  surgery in HCC are: (1) to achieve 
macroscopic removal of  the tumor; (2) to restore sat-
isfactorily the bile flow to the gut; and (3) to minimize 
postoperative liver failure or death. At the beginning 
of  last decade, resection was possible only in 20% of  
cases, and the operative mortality was 10%. The median 
survival was only 20 mo, but resected patients enjoyed a 
good quality of  life[3,4]. Last decade saw an aggressive ap-
proach to HCC with an increasing use of  major hepatic 
resections[5,14,20,27,43-46,66]. The resectability rate increased to 
80% with the addition of  hepatic resection to bile duct 
resection without increasing the postoperative death 
rate. Bismuth et al[13] and Pichlmayr et al[72] suggested a 
stagewise management strategy with the prime objective 
of  achieving complete surgical resection of  the tumor 
without leaving behind macroscopic residual disease. Pa-
tients with Bismuth typesⅠ and Ⅱ were treated by bile 

duct resection. For Bismuth stage Ⅲa/Ⅲb lesions, resec-
tion of  the corresponding hemiliver was recommended. 
However, major hepatic resection is a formidable opera-
tion in patients with a cholestatic liver and carries a high 
complication rate, with a morbidity of  up to 81% and 
mortality rates of  between 6% and 10% in the most ad-
vanced centres.

Vascular encasement with or without biliary ob-
struction may result in segment or lobar atrophy. Long-
standing biliary obstruction can cause moderate atrophy, 
whereas concomitant portal venous compromise usually 
produces rapid and severe atrophy of  the involved seg-
ments[3]. Approximately 30% of  patients subjected to 
surgical exploration show evidence of  lobar atrophy[15]. It 
is one of  the problems of  the PVE, together with vascu-
lar involvement not detected before embolization.

The caudate lobe is frequently involved by either 
direct invasion or ductal extension. Caudate bile ducts 
can drain to both the right and left hepatic ducts; in fact, 
some series have identified microscopic tumor infiltration 
into the caudate lobe in nearly all patients with HCC[21]. 
In general, the primary drainage of  the caudate lobe is 
into the left hepatic duct[73]. For this reason, it has been 
alleged the necessity to resect the caudate lobe in Bis-
muth type Ⅱ from now on.

Ikeyama et al[10], in their audit of  54 consecutive type I 
and Ⅱ HCC resected patients, concluded that for nodu-
lar and infiltrating tumors right hepatectomy is essential; 
for papillary tumors, bile duct resection with or without 
limited hepatectomy is adequate. But the problem is that 
it is very difficult to know these issues preoperatively and 
intraoperatively. Nuzzo et al[74] reached the same conclu-
sion in their audit of  440 patients, showing that patho-
logic factors independently predicted overall and disease-
free survival at multivariate analysis.

Major hepatic resections have increased the propor-
tion of  R0 resections[4,14,29,37], improved the outcome of  
disease-free survival, and decreased the prevalence of  
hepatic recurrence[75]. Surgical results improved in the 
1990s thanks to a better ability to perform R0 resec-
tions, which is likely due to increasing use of  major 
hepatic resection and portal resections, as well as the 
improvement of  preoperative management concern-
ing both prognosis and FRL preparation and care[44,75]. 
Recent studies have also reported an improvement in 
morbidity and mortality in comparison with previous 
decades, which probably responds to advances in over-
all perioperative care. Also, the improvement of  preop-
erative management has had a consequence, as can be 
seen in the report of  Nagino et al[44].

Nonetheless, it is uncertain whether the major he-
patic resection may improve the survival of  patients with 
B-C typesⅠ or Ⅱ HCC. Ikeyama et al[10] and Jang et al[76] 
showed survival benefit in right hepatectomy with cau-
date lobectomy for nodular and sclerosing tumors, 
but not for papillary ones. However, others have 
reported a non-significant difference between hepa-
tectomy and isolated bile duct resection in B-C types
Ⅰ and Ⅱ tumors[77].
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Regarding proximal margin, it can be stated nowadays 
that survival outcomes improve when bile duct resection 
is associated with hepatectomy, even in patients with B-C 
typesⅠ and Ⅱ tumors[14,26]. In the series published by Jar-
nagin et al[14] in 2001, the 5-year survival was 37% when a 
hepatic resection was performed (84% of  R0 resections) 
and 0% when only a bile duct excision was performed 
(56% of  R0 resections). The best results are obtained 
with a right hepatectomy, probably because this surgical 
technique facilitates en-bloc resection of  the tumor and 
surrounding tissues and thereby increases radicality[26]. 
In the series of  Neuhaus et al[24,77], the worst outcomes 
after hepatectomy with curative intent were obtained in 
patients undergoing left hepatectomy. Although Nimura 
defended the radical surgery of  left-sided Klatskin tu-
mors by performing a left trisectionectomy, this is char-
acterized by high morbidity rates and by mortality rates 
superior to 10%[78,79]. The analysis of  recurrence after R0 
resection with hepatectomy shows a low frequency of  lo-
cal recurrence, but a high frequency of  peritoneal seeding 
recurrence[26]. Then, manipulation of  the tumor as well as 
biopsies may favour local recurrence, and this is the rea-
son why some authors advise en-bloc resection including 
surrounding vessels, a “non-touch technique”, in order to 
avoid this cause of  recurrence.

The hepatectomy must include the caudate lobe, since 
this is a frequent site of  tumor recurrence when it is not 
included in the resection piece. However, as it happens 
with other “evidences” related to Klatskin tumor treat-
ment, there are no controlled studies that support this 
recommendation[32,80]. Performing a perioperative biopsy 
of  the biliary resection margin in the liver remnant is 
common practice for most surgeons.

In a recent report of  Ribero et al[81], in the analysis 
of  82 cases, the group of  patients who had primary R0 
was compared with those patients who achieved a sec-
ondary R0 after an intraoperative additional resection, 
and also with the patients who were R1. The 1-, 3- and 
5-year survival rates were similar in the groups with pri-
mary R0 and secondary R0, but different in R1 patients 
(5-year survival rate: 50%, 30.8% and 0% respectively). 
The authors concluded that an additional resection of  
a positive proximal bile duct margin, albeit associated 
with an increased risk of  biliary fistula, offers a signifi-
cant survival benefit and should be attempted whenever 
possible. But this Italian group does not re-operate on 
those patients who the pathologist changes to R1 resec-
tion in the postoperative study, and thus, although they 
only have 13 cases that underwent re-resection, they do 
not defend re-operations on patients when this occurs. 
However, it is necessary to take into consideration that 
frozen biopsy is often not concluding and that resec-
tion extension, when the biopsy is positive, is frequently 
impracticable[26]. This explains why perioperative biop-
sies in this location have low profitability. Furthermore, 
such resection of  margin-positive proximal duct does 
improve survival even when a negative margin can be 
achieved with additional resection[82].

LYMPHATIC SPREAD
In addition to extension along the bile ducts, HCC often 
metastasizes via the lymphatics. Lymphatic metastases 
are found in 30% to 50% of  patients undergoing resec-
tion[14,83,84]. Hilar and pericholedochal lymph nodes (LN) 
are the most commonly involved, followed by periportal, 
common hepatic, posterior pancreoticoduodenal, celiac 
and preaortic ones[85]. Metastasis in regional LN is an 
important prognostic factor that affects survival after the 
resection of  an HCC[36]. Kitagawa et al[73] evaluated 110 
patients that underwent resection for HCC with LN dis-
section, including both the regional and para-aortic ones, 
and found that 47% of  patients had no involved LN, 
35% had metastases in regional LN and 17% had metas-
tases in regional and para-aortic LN. The 5-year survival 
was 30% for patients with negative LN, 15% for patients 
with metastases in regional LN and 12% for patients with 
metastases in regional and para-aortic LN. Other studies 
have reported a worse survival in patients with LN involve-
ment beyond the hepatoduodenal ligament, with a 5-year 
survival rate ranging from 0% to 6%[42]. Consequently, rou-
tine LN dissection beyond hepatoduodenal ligament is not 
recommended. Patients with macroscopically involved LN 
beyond hepatoduodenal ligament are considered to have 
unresectable disease, even though some surgeons resect 
them if  they find them intraoperatively.

Only one study has presented the number of  affected 
LN as a variable than worsens survival[86].

VASCULAR RESECTION 
Radial growth of  the tumor may infiltrate the surround-
ing vessels. Right hepatic artery involvement is more 
frequent due to its proximity to the biliary bifurcation. 
Contralateral artery infiltration to the hepatic resection 
that is to be performed is a reason for contraindication 
of  surgical treatment. Portal involvement is present in 
20%-30% of  R0 resections and its preoperative identifi-
cation is achieved with a precision of  85%. In the experi-
ence of  Nagoya University, in approximately one third of  
the patients whose portal vein is resected because of  ap-
parent infiltration, this is not histologically confirmed[66]. 
However, most of  these patients had a tumor infiltration 
adjacent to the vein, and the margin would have been 
positive without vein resection. On the other hand, vas-
cular resection was not associated with a significant in-
crease of  morbimortality. Anyhow, resection can improve 
survival in some patients when R0 resection is achieved.

Encasement or occlusion of  the main portal vein or 
vessels supplying the hepatic remnant is considered a 
contraindication to surgery[14]. Recent reports have shown 
that en-bloc resection with vascular reconstruction can 
achieve negative margins with a 10% perioperative mor-
tality in selected patients.

Portal vein resection and reconstruction has been car-
ried out in HCC with conflictive results[24,87]. Although 
several retrospective series have not shown difference in 
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operative mortality between the patients that underwent 
portal vein resection and those ones that did not[24], the 
impact of  portal vein resection on long-term survival is 
less clear. Neuhaus et al[24] proposed portal vein resection 
as part of  a “non-touch” resection of  the tumor and sur-
rounding tissue. Portal vein resection was identified as a 
positive independent prognostic factor in their multivari-
ate analysis of  patients undergoing R0 resections, when 
mortality within the first 60 d was excluded. Neverthe-
less, overall mortality within 60 d after portal vein resec-
tion was 17%, in comparison with 5% in patients without 
portal resection, and all the deaths occurred after non-
curative resections. Other studies have reported similar or 
worse survival in patients undergoing portal vein en-bloc 
resection[22,75,88]. The role of  routine portal vein resection 
(as stated by Neuhaus) is not likely to be clearly designed 
unless a randomized clinical trial is completed. However, 
Hemmings rejects the routine performance of  this pro-
cedure and in 2012 the Nagoya group reported a 5-year 
survival rate of  40% in the last period of  portal resec-
tion, but a morbidity of  57.3%[42-44].

Portal resection must be recommended whenever 
the tumor cannot be freed from it, since the microscopic 
invasion of  the portal vein does not seem to influence on 
survival when a vascular resection is carried out, whereas 
the macroscopic invasion does have negative results on 
survival.

Nishio et al[89] concluded that although lymph node 
metastasis and macroscopic portal vein involvement were 
independent negative prognostic factors, the 5-year sur-
vival rate obtained in patients with portal vein resection 
or lymph node metastasis still was about 10% (Table 3). 
Even in patients with both cancer invasion of  the portal 
vein and regional lymph node metastasis, or with para-
aortic lymph node metastasis, curative resection resulted 
in significantly longer survival than the one found in un-
resected patients.

Some groups had 100% morbidity and mortality in ar-
terial resections, although in arterial and portal combined 
resections mortality was 43%, and the overall percentage 
of  positive margins was 32%[29]. de Jong et al[90] reported in 
a recent paper that combined hepatectomy, extrahepatic 
biliary duct resection and portal vein resection can offer 

long-term survival in some patients with advanced HCC, 
with 17.6% mortality rate and 28% 5-year survival rate. 

Some authors recommend hepatectomy with simul-
taneous arterial and portal vein resection. They reach 66% 
of  R0 resection with 2% mortality rate, 54% morbidity rate 
and 1-, 3-, and 5-year survival rates of  78.9%, 36.3%, and 
30.3%, respectively, but these data are not reproducible[86].

Su et al[39], Miyazaki et al[87] and Muñoz et al[91] reported 
as a conclusion that, although both portal vein and he-
patic artery resection are independent poor prognostic 
factors after curative operative resection for locally ad-
vanced HCC, portal vein resection is acceptable from an 
operative risk perspective and might improve the progno-
sis in the selected patients, but combined hepatic artery 
resection cannot be justified because the 3-year survival 
rate is 0%.

LIVER TRANSPLANT 
Orthotopic liver transplant (OLT) is contraindicated in 
HCC because of  disappointing long-term outcomes. 
However, a recent multi-institutional study in the United 
States, including 280 patients with earlier-stage tumors who 
received aggressive neoadjuvant chemoradiation, has re-
ported that transplantation remarkably improves survival: 
the 1- and 5-year survival rates were 74% and 38%, respec-
tively[92]. The Mayo Clinic protocol sets a strict selection 
of  the patients candidates to liver transplant. Although the 
selection is highly rigorous and biased for patients with 
biologically favourable disease, the early results published 
by the Mayo group showed an 82% 5-year survival rate[93]. 
The histological analysis of  resected pieces confirmed N0 
and R0 state in all the patients. However, only 58% of  the 
patients had histologically confirmed cancer.

Liver transplantation is currently done only in the 
setting of  clinical trials. It offers the advantage of  resec-
tion of  all structures that may be involved by the tumor, 
including portal vein, bilateral hepatic ducts and atrophic 
hepatic lobes. Thus, total hepatectomy may permit R0 
resection even in locally advanced tumors, which are be-
yond resection criteria. Efficacy of  neoadjuvant therapy 
and transplantation is demonstrated by comparing results 
with the natural history of  the disease. Untreated HCC 

Hilar cholangiocarcinoma No. of patients Prognostic factors Operative mortality(%)  5-yr SV (%)

Jarnagin et al[14]             80 Margin, hepatectomy, differentiation                    10            27
Seyama et al[20]             58 Lymph nodes                      0            40
Dinant et al[27]             99 Margin, resection period, lymph nodes                    15            27
DeOliveira et al[43]           281  Margin, lymph nodes                      5            10
Rea et al[45]             46 Lymph nodes, tumor grade, bilirubin                      9            26
Silva et al[46]             45 Tumor stage, margin                      9            11
Witzigmann et al[47]             60 Residual tumor status, grading                      8            22
Baton et al[48]             59 Chemotherapy, margin, lymph nodes                      5            20
Wahab et al[55]           243 Margin, S1 resection, lymph nodes, grading                      7            16
de Jong et al[90]           305 Lymph nodes, margin                      5            20

Table 3  Prognostic factors and 5-year survival rate

SV: Survival rate.
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has a 50%-70% mortality rate within 12 mo, which is 
much worse than 55% 5-year survival for patients who 
entered the Mayo Clinic protocol and 71% 5-year survival 
after transplantation[94,95].

The Cincinnati Transplant Tumor Registry reported 
28% 5-year survival, with a tumor recurrence rate of  
51%[88]. The Spanish liver transplant centres provided 
similar results, with 30% 5-year survival rate and 53% 
tumor recurrence rate, in 36 patients with unresectable, 
non-disseminated HCC[96]. As a consequence of  such ini-
tial results and the limited availability of  organs, HCC was 
perceived as a relative contraindication to OLT. Also, it 
is a well-known fact that 55% of  HCC even in T2 stages 
have affected LN, which is one of  the contraindications 
to transplant[97].

A further complication to transplants in HCC is that, 
as response to postoperative radiotherapy and chemo-
therapy is low both in R1 and recurrence, tumors must 
have a more favourable biological behaviour, and if  
sizes bigger than 2 cm are rejected for rescue with liver 
transplant, then very few patients can be candidates to be 
transplanted[52]. It is important to remember that, out of  
the 281 cases analysed by DeOliveira, 58% were > 2 cm 
and hilar involvement occurred in 28%[43].

Schüle et al[98] concluded that an acceptable survival 
rate could be achieved by transplantation for HCC with 
LN metastases as the only exclusion criterion, even if  they 
use living donors. In this article, the authors got a 5-year 
survival rate of  50% in those patients with negative LN.

Nowadays, OLT cannot be considered as a standard 

therapy for HCC in patients with resectable disease, but it 
offers a potential option to patients with underlying pri-
mary sclerosing cholangitis. Additional studies are neces-
sary to define the role of  OLT in depth.

MORBIDITY AND MORTALITY
Due to the complex biliary and liver resections required 
to obtain complete tumor removal, the risks of  periop-
erative morbidity and mortality are significant. Morbidity 
and mortality rates range from 14% to 76% and from 
0% to 19%, respectively. Perioperative morbidity in-
cludes haemorrhage, biliary fistula, hepatic insufficiency 
and infectious complications. Among them, infectious 
complications are particularly common and account for 
50% to 80% of  all complications[14,42]. The postopera-
tive liver failure and its morbidity have been joined with 
the extension of  hepatic resection[23]. However, recent 
publications suggest a decrease in morbidity and mortal-
ity with the use of  preoperative PVE, even in extended 
hepatectomies[33,42,61,69](Table 4).

OUTCOME OF RESECTION
Published 5-year survival rates range from 25% to 40% 
in recent series, and, even, it has been reported that many 
clinical and histological factors have a positive impact on 
long-term outcome, including negative histologic margin 
status[99,100], concomitant hepatic resection[30], absence 
of  nodal involvement[14, 23,48,101], low TNM status[36], well-
differentiated tumor grade[68], papillary tumor morphol-
ogy[36,44,80], and lack of  perineural invasion[23]. Complete 
resection with negative histologic margins is the only 
modifiable factor and, for that reason, the primary aim of  
surgical therapy. There is a close association between he-
patic resection and negative margins[24,37,99]. The effect of  
R1 resection vs no resection on outcome has been object 
of  discussion and analysis in surgical literature, with some 
recent studies that report improvement in survival after 
R1 resection in comparison with patients with unresect-
able disease[42].

Recurrence after resection occurs quite frequently, in 
up to 50%-75% of  cases[10,22,76]. The median recurrence 
time ranges from 12 to 43 mo[10,22,42,76]. Prognostic factors 
for recurrence-free survival include histologic grade, T 
and N stages, and margin status[10,22,76,102]. Since patients 
with recurrent disease are not candidates for curative 
therapy, advances in adjuvant therapy are essential to 
improve long-term outcome. However, the effectiveness 
of  radiotherapy and chemotherapy is still very limited. 
In the report of  Cherqui et al[53], the authors concluded 
that adjuvant radiotherapy was not associated with an im-
provement in long-term overall survival in patients with 
resected HCC.

CONCLUSION
Surgical resection continues to be the main treatment 
of  HCC. Negative resection margins enhanced by major 

Ref. Resections  R0
(%)

Morbidity Mortality      5-yr 
Survival rate

Burke et al[3]         30   83      NA        6         45
Nakeeb et al[4]       109   26       47        4         11
Jarnagin et al[14]         80   78       64      10         26
Nimura et al[15]         55   84       41        6         41
Jarnagin et al[17]       106   77       62        8        NA
Seyama et al[20]         87   64       43        0         40
Kosuge et al[23]         65   52       37        9         33
Neuhaus et al[24]         80   61       55        8         22
Launois et al[25]       131  NA     NA      19        NA
Kondo et al[26]         40   95       48        0        NA
Dinant et al[27]         99   31       66      15         27
Gerhards et al[29]       112   14       65      18        NA
Hemming et al[32]         53   80       40        9         35
IJitsma et al[33]         42   65       76      12         19
Kawarada et al[34]         65   64       28        2.3         26
Klempnauer et al[35]       151   77     NA      10         28
Miyazaki et al[37]         76   71       33      13         26
Nimura et al[38]       142   61       49        9         26
Su et al[39]         49   49        47      10         15
Todoroki et al[41]       101   14       14        4         28
DeOliveira et al[43]       281   62       60        5         30
Nagino et al[44]       574   76.5       43.1        4.7         32.5
Rea et al[45]         46   80       52        9         26
Nuzzo et al[74]       440   77.3       47.5        8.6         25.5
Ito et al[85]         38   63       32        0         33
Kawasaki et al         79   68       14        1.3         22

Table 4  Morbidity and mortality rate and R0 resections

NA: Not available. 
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hepatic resections are associated with improved outcome. 
Pre-resectional management with biliary drainage, PVE 
and staging laparoscopy should be considered in selected 
patients. Additional evidence is needed to fully define 
the role of  OLT. Improvements in adjuvant therapy are 
essential for improving long-term outcome. Portal and 
node involvement worsens the prognosis and long-term 
survival, and surgery is the only option that can lengthen 
it. Furthermore, the lack of  effective chemotherapy and 
radiotherapy treatments, at this moment, leads us to con-
sider R1 resection as an option because these patients 
have a longer survival rate than patients who do not un-
dergo resection.
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