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Abstract: Intrahepatic cholangiocarcinoma (iCCA) is a rare hepatobiliary malignancy that arises from the 
epithelium of the intrahepatic bile duct. The very aggressive nature of the disease leads to a poor prognosis, 
and surgical resection of the tumor offers the only potential for long-term survival with a 5-year survival rate 
between 15 and 45%. The key element for successful treatment is the correct selection of patients who are 
technically and oncologically feasible for surgery. Surgical planning based on preoperative imaging studies 
should be able to obtain a negative margin with adequate residual liver function. Extrahepatic diseases and 
gross lymph node metastases are not suitable for liver resection. Multifocal intrahepatic tumors and major 
vascular invasion negatively impact survival and should be carefully considered in surgical decisions. In 
modern surgery for iCCA, a routine hilum lymphadenectomy with at least six harvested lymph nodes is 
mandatory for accurate staging. Strong evidence of adjuvant therapy is still lacking, but current practice 
favors capecitabine for 6 months after surgery according to the BICAP trial. The role of neoadjuvant therapy 
in initially unresectable diseases remains unclear and requires further investigation. Liver transplantation 
has historically not been recommended for iCCA due to dismal long-term survival. The perspective has 
been changed to reconsider based on the most recent promising data. “Very early”-stage iCCA after 
transplantation could have outcomes comparable to those of hepatocellular carcinoma (HCC). In patients 
with unresectable locally advanced disease who exhibit sustained chemoresponsiveness to neoadjuvant 
therapy, liver transplantation may also offer therapeutic benefits of long-term survival. In order to elaborate 
contemporary surgical concepts of iCCA, we herein review updated evidence in various aspects related 
to preoperative imaging studies, the surgical approach, hepatic hilar lymph node dissection, important 
prognostic factors, tumor staging, re-resection in recurrent diseases, minimally invasive surgery, adjuvant 
therapy, neoadjuvant therapy, and liver transplantation.

Keywords: Intrahepatic cholangiocarcinoma (iCCA); liver resection; liver transplantation; biliary tract cancer

Received: 10 February August 2021; Accepted: 18 March 2021; Published: 30 March 2021.

doi: 10.21037/dmr-21-14

View this article at: http://dx.doi.org/10.21037/dmr-21-14

15

https://crossmark.crossref.org/dialog/?doi=10.21037/dmr-21-14


Digestive Medicine Research, 2021Page 2 of 15

© Digestive Medicine Research. All rights reserved. Dig Med Res 2021;4:4 | http://dx.doi.org/10.21037/dmr-21-14

Introduction

Cholangiocarcinoma (CCA) is the second most common 
primary liver malignancy after hepatocellular carcinoma 
(HCC) and accounts for approximately 15% of all primary 
liver cancers (1). The tumor cells can originate from 
the epithelium of any segment of the whole biliary tree 
while HCC originates from the hepatocytes in liver (2). 
Anatomically, it can be divided into intrahepatic CCA 
(iCCA), perihilar CCA (pCCA) and distal CCA (dCCA) 
according to the latest American Joint Committee on 
Cancer (AJCC) staging system (3). iCCA refers to a tumor 
arising from the intrahepatic bile ducts in the periphery of 
the liver proximal to the second-order bile ducts. pCCA 
refers to a tumor arising from the bile duct between the 
bifurcation of the right and left hepatic ducts and the 
confluence of the cystic duct joining the common hepatic 
duct. dCCA refers to a tumor arising from the common bile 
duct distal to the union of the cystic duct and the common 
hepatic duct. iCCA can be further subdivided into the 
following four types according to its gross appearance: (I) 
the mass-forming type: present as a localized tumor with a 
radial growth pattern and a demarcative border in the liver 
parenchyma; (II) the periductal-infiltrating type: present 
as a diffuse and ill-defined growth longitudinally along the 
intrahepatic bile ducts; (III) the intraductal growth type: 
present as a papillary or a polypoid lesion in the lumen of 
the bile duct; and (IV) the mixed type: present as a tumor 
consisting of features of more than one of the above three 
types simultaneously. The clinical characteristics and 
biological behaviors may also differ among different types 
of iCCA (4).

Although the prevalence of iCCA is rare, there has 
been a global trend toward increasing incidence over the 
past few decades (5). The risk of developing iCCA may be 
related to primary sclerosing cholangitis (PSC), parasite 
infection with hepatobiliary flukes (Opisthorchis viverrini 
and Clonorchis sinensis), chronic viral hepatitis B or C, liver 
cirrhosis, hepatolithiasis, metabolic syndrome, nonalcoholic 
fatty liver disease, congenital biliary tract malformations, 
smoking, alcohol consumption, and environmental toxic 
substances (5,6). However, iCCA can also develop in a 
certain number of patients without any evidence of exposure 
to the identified risk factors. Once iCCA is diagnosed, 
surgical resection is the most effective treatment option 
for cure. Unfortunately, only a minority of patients are 
eligible for surgery. In patients with unresectable advanced 
or metastatic diseases, systemic chemotherapy offers 

unsatisfactory results, with a median overall survival (OS) of 
11.7 months (7).

The aim of this paper is to review the recent advances 
in knowledge of surgical management of iCCA, including 
pre-operative assessment and preparation, surgical 
approaches and lymphadenectomy, prognosis and important 
prognostic factors, minimally invasive surgery, adjuvant 
and neoadjuvant therapies, and liver transplantation, and 
indicate the potential future research direction in these 
fields. The review of the scientific literature was performed 
by searching PubMed database for articles published from 
year 2000 through January 2021. The search strategy 
for PubMed was by using search string: (intrahepatic 
cholangiocarcinoma[Title]) AND (liver resection[Title] 
or transplantation[Title] or hepatectomy[Title] or 
surgery[Title] or neoadjuvant[Title] or adjuvant[Title]). 
Only articles published in English language were included 
in the review study and case reports were excluded. 
References of selected articles were also reviewed to identify 
any missed studies. We present the following article in 
accordance with the narrative review checklist (available at 
http://dx.doi.org/10.21037/dmr-21-14).

Preoperative evaluation and management

Preoperative image assessment has two main objectives: (I) 
to ensure a safe resection with a negative surgical margin 
(R0) which is defined as no microscopic residual tumor 
cell on the cut surface of surgical specimen by pathology 
examination (8), and (II) to select oncologically feasible 
patients who can benefit from surgery. It is essential 
to define the extent of tumor involvement and identify 
possible extrahepatic and lymph node metastases prior to 
surgical planning. A high-quality triple-phase CT scan is 
mandatory for initial diagnosis and staging. Typically, the 
CT image finding of iCCA is a hypoattenuated mass with 
irregular peripheral enhancement in the arterial phase 
and gradual filling enhancement toward the central part 
of the tumor in the delayed phase (9). In most patients, 
tumor size, tumor number, tumor location, major vascular 
invasion, biliary tract involvement, lymph node metastases, 
extrahepatic diseases, and peritoneal seeding can be assessed 
with a CT scan (Figure 1). Additional chest CT scan and 
whole-body bone scan should be considered in high-risk 
patients with large tumors, multifocal intrahepatic lesions, 
lymphadenopathy, suspicious extrahepatic tumors, and 
high serum levels of carcinoembryonic antigen (CEA) 
or carbohydrate antigen 19-9 (CA19-9). According to 
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recent studies, hepatobiliary phase images of gadolinium 
ethoxybenzyl diethylenetriamine penta-acetic acid (Gd-
EOB-DTPA)-enhanced MRI can enhance the conspicuity 
of iCCA lesions and provide better ability to identify 
daughter nodules and intrahepatic metastases. Therefore, 
it can be helpful in surgical planning, especially in patients 
with multiple liver tumors (10,11). FDG PET/CT has been 
shown to be beneficial to the detection of occult metastases 
and can change the strategy of surgical management. 
Caution should be taken when interpreting negative 
findings as there is a risk of false-negative results (12,13).

A sufficient functional remnant liver volume (FRLV) 
after hepatectomy must be guaranteed by 3D-CT volumetry 
in the preoperative planning (14), especially when extended 
major hepatectomy is anticipated due to tumors with large 
size, central location, major vascular invasion, or bile duct 
involvement. The FRLV is calculated according to the 
formula: [(total liver volume − resected volume)/(total liver 
volume − tumor volume)] ×100% (15). In patients with 
preserved liver function and no evidence of underlying liver 
disease, an FRLV >30% is acceptable (16). If the FRLV is 
insufficient, preoperative portal vein embolization can be 
utilized to increase the FRLV and avoid liver failure after 
hepatectomy (17). In patients with chronic liver disease 
or cirrhotic changes, the future FRLV should be at least 
40%, and remnant liver function should be assessed by 
other liver function tests, such as the indocyanine green 

clearance rate at 15 minutes test, to evaluate the safety of 
major resection (18). In patients with obstructive jaundice, 
preoperative biliary drainage should be considered in those 
with concomitant cholangitis or a small future FRLV as 
these factors may be associated with surgical mortality after 
hepatectomy (19).

Principle of surgical approach and prognosis

The principle of the surgical approach to iCCA includes 
liver resection to obtain a negative surgical margin and 
regional lymphadenectomy of the hepatic hilum. Multifocal 
liver disease, lymph node metastasis status, and distant 
metastasis should be determined during the initial surgical 
exploration. Multiple intrahepatic tumors can represent 
a metastatic disease status and should be considered a 
relative contraindication to resection, except in highly 
selected patients with limited multifocal disease. Lymph 
node metastases beyond the hepatic hilum can be treated 
as distant metastases and surgery is contraindicated (20). 
A poor prognosis is expected in patients with gross lymph 
node metastases to the hepatic hilum, and liver resection 
should be selectively performed (21,22). In a curative 
operation attempting to obtain negative margin, the R0 
resection rate was between 58.7% and 87.6% (23-29) and 
varied depending on the experience of the surgical team, 
cancer stage, and gross type of iCCA (26,27).

Figure 1 Assessment of intrahepatic cholangiocarcinoma by CT scan. (A) A 55-year-old male with intrahepatic cholangiocarcinoma. 
Coronal CT image obtained in portal venous phase reveals a metastatic lymphadenopathy in paraaortic area (arrow). (B) A 69-year-
old female with intrahepatic cholangiocarcinoma. Axial CT image obtained in portal venous phase reveals right portal vein invasion 
with thrombosis and common hepatic duct invasion with bilateral intrahepatic ducts dilatation (arrow). (C) An 87-year-old female with 
intrahepatic cholangiocarcinoma. Axial CT image obtained in portal venous phase reveals multiple tumors over lateral segment and segment 
4 (arrows).
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More than half of the patients develop a recurrence after 
resection of iCCA (29-31). The median disease-free survival 
(DFS) in various large cohort studies was between 10 and  
23 months (25,32,33). Most recurrences occur within the 
first 2 years after primary resection, and the most frequent 
site of recurrence is the intrahepatic region (25,34). 
Extrahepatic recurrence can develop in 40% to 50% of 
patients with recurrent disease, with half of the extrahepatic 
recurrences occurring at the same time as intrahepatic 
relapse (32). Even after 2 years of DFS, a relapse can 
develop, and distant metastases become the dominant 
pattern (25). Tumor recurrence is a major prognostic factor 
for patient survival, and most patients die from recurring 
diseases. In the literature, the median OS of surgical patients 
was between 14.1 and 47.8 months, and the 5-year OS rate 
was between 15.1% and 45.6% (24-27,30,32,33,35-41).  
The detailed survival results of the recent large series are 
shown in Table 1.

Surgical margin

The patient’s postoperative survival is strongly influenced 
by several important prognostic factors, including tumor 
size, tumor number, vascular invasion, lymph node 

metastasis, surgical margin status, tumor cell differentiation, 
preoperative serum CEA level, hepatolithiasis, and gross 
tumor pattern (24-31,33-35,42-44). Achieving an R0 
resection is believed to have a large impact on a patient’s 
long-term survival, and the 5-year OS rate with a positive 
surgical margin has been reported to be zero (29).  
In a multi-institutional study of 583 patients, 95 (16.3%) 
patients with R1 resection had poorer long-term survival 
than patients with R0 resection, and there was an increasing 
trend toward worsening DFS and OS as the distance of 
surgical margin decreased (33). Although the results of 
several studies suggested that the width of surgical margin 
should be at least 5 to 10 mm (33,38), other studies 
reported conflicting results (45,46). A retrospective study 
of 635 patients who underwent R0 resection, which 
analyzed the data from the Japan nationwide survey of 
iCCA, found that the width of surgical margin appeared 
to have limited survival benefits to patients except those 
without lymph node metastasis (47). Similar results were 
also obtained in the study by Farges et al. (45); R1 resection 
was the worst independent prognostic factor in patients 
with N0 disease, and a surgical margin of at least 5 mm was 
suggested. However, the influence of the surgical margins 
on survival diminished in the group of patients with lymph 

Table 1 Survival results of patients with intrahepatic cholangiocarcinoma underwent surgery in reported series

Series No. of patients Rate of R0
Median DFS, 

months
Median OS, 

months
DFS (3-year/5-year) OS (3-year/5-year)

Sui et al. (37), 2021 273 75% NA 47.7 NA 56.3%/41.5%

Bartsch et al. (38), 2020 150 87.3% 9.7 23.6 16%/12% 32%/17%

Hu et al. (30), 2019 1,089 87.6% NA NA 35.2%/19.5% 49.9%/38.7%

Addeo et al. (39), 2019 120 86% 8.62 27.8 10%/5% 40%/28%

Conci et al. (40), 2018 259 72.9% NA 45.9 NA NA/40.6%

Reames et al. (41), 2017 1,087 NA 14.4 37.4 31%/26% 51.2%/39.6%

Chang et al. (24), 2017 103 75.7% NA 43.9 NA 52.8%/45.6%

Kim et al. (36), 2017 1,008 NA NA 27 NA 42.6%/30.6%

Doussot et al. (25), 2016 189 80.4% 23.1 47.8 NA NA

Spolverato et al. (33), 2015 583 80.6% 10 26.4 15.2%/9.2% 37.3%/23.0%

Huang et al. (27), 2015 539 (R0)* – NA 28 42.1%/35.3% 44.2%/33.0%

Yeh et al. (26), 2013 172 58.7% NA 14.1 NA NA/15.1%

Hyder et al. (32), 2013 301 81.1% 20.2 37.8 39.0%/32.1% NA

de Jong et al. (35), 2011 449 81.1% NA 27.3 NA 44.3%/30.7%

*, only R0 patients were included in the study. NA, not applicable. 
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node metastases. Collectively, these results suggest that 
the impact of the surgical margin status on survival can be 
overwhelmed by the presence of lymph node metastases. 
Therefore, according to current practice guidelines, the 
goal of surgery is to achieve a negative margin, regardless of 
the length of the surgical margin (20).

Lymph node metastasis and Lymphadenectomy

Lymph node metastases has been proven to be the 
most important prognostic factor in several studies, and 
the presence of lymph node metastases can reduce the 
prognostic impact of other pathologic factors, such as 
tumor size, positive margins, multiple tumors, and vascular 
invasion (35,42,44,47-49). In a study of 449 iCCA surgical 
patients reported by de Jong et al. (35), among patients 
with no lymph node metastasis, multiple tumors and 
vascular invasion were worse strong prognostic factors 
associated with worse survival. On the contrary, among 
patients with lymph node metastasis, tumor number and 
vascular invasion became unable to stratify patients into 
different prognostic groups, and lymph node metastasis 
became the only prognostic factor. Although there is still 
controversy as to whether routine lymph node dissection 
actually provides therapeutic benefits and prolongs patient 
survival (42,48,50), the consensus in current practice is in 
favor of lymphadenectomy for accurate staging information, 
prognosis prediction, and adjuvant strategy development 
(20-22). However, in recent large cohort studies, the 
percentage of patients who had lymph node dissection 
remained low, ranging from 44.6% to 78.4% (29,35,48,51). 
The reasons for an incomplete lymphadenectomy 
could be a preoperative diagnosis of HCC, insignificant 
lymphadenopathy on preoperative images, advanced disease 
unable to complete curative resection, or intolerance to 
extensive dissection due to the patient’s condition. Since the 
presence of lymph node metastases is associated with a late 
stage tumor, multiple tumors, vascular invasion, and high 
preoperative serum CEA level, it has been suggested that 
lymph node dissection could be omitted in patients with 
small, solitary, and peripheral iCCA (24,29,35,52). It should 
be noted, however, that even in preoperatively radiological 
nodal-negative patients, the percentage of lymph node 
metastases can be as 17% to 45% (50,52). The quality of 
the lymph node dissection is also important for optimal 
tumor staging. The latest 8th edition of the AJCC Staging 
System recommends harvesting at least six lymph nodes (3).  
In a large multicenter cohort study of 1,154 patients by 

Bagante et al. (51), only one-fourth of the patients had a 
sufficient number of harvested lymph nodes for accurate 
staging. The study also found that the number of harvested 
lymph nodes is related to the prognosis of patients with 
N0 disease, which may imply the importance of a qualified 
lymphadenectomy for precise tumor staging.

Multifocal tumors

The multinodularity of tumors has been recognized as an 
important prognostic factor and may reflect the aggressive 
biological nature of the disease in terms of associations with 
a high rate of lymph node metastases, vascular invasions, 
extrahepatic involvement, and poor differentiation 
(29,39,43,53). In a recent study of 1,013 iCCA patients 
after resection, including 821 patients with solitary tumors, 
185 patients with multiple tumors, and 27 patients with 
oligoextrahepatic metastases, Buettner et al. (43) discovered 
that the presence of two liver tumors did not preclude 
patients from long-term survival with a 5-year OS rate of 
28%. On the other hand, the existence of three or more 
intrahepatic lesions was an independent poor prognostic 
factor for the OS. Notably, patients with three or more 
tumors had similar survival results (median OS 15.3 months 
and 5-year OS rate 8.6%) to patients with oligoextrahepatic 
metastases (median OS 14.9 months and 5-year OS rate 
10.6%). Theoretically, multifocal or bilobular disease 
could be considered a metastatic disease, and surgery 
could offer limited additional benefit in comparison with 
other locoregional treatment modalities (54). Therefore, 
according to the current consensus, surgery can only be 
considered in patients with limited multifocal disease. 
However, the prognostic impact of tumor distribution 
patterns such as peri-tumor satellites, multicentric tumors, 
and bilobular disease remains controversial, and several 
studies have demonstrated conflicting results (39,40). To 
determine whether patients with multiple tumors can 
benefit from surgery and decide the final treatment strategy, 
other important concomitant prognostic factors such as 
lymph node metastases, vascular invasion, and tumor cell 
differentiation should be considered simultaneously by the 
surgical team (39,53).

Vascular invasion

Patients with vascular invasion are more likely to have 
advanced disease and poorer survival outcomes than patients 
without vascular invasion (25,30). In contrast to HCC, 
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in which a major vascular invasion was recognized as an 
important prognostic factor and integrated into the current 
AJCC staging system (55), the true prognostic influence 
of a major vascular invasion is still undetermined and has 
therefore not been included in the current AJCC staging 
system for iCCA. Hu et al. (30) analyzed the survival results 
of 1,089 patients, including 149 patients with macrovascular 
invasion, and found that macrovascular invasion was 
associated with inferior DFS and OS. However, as long as 
a curative resection could be performed, patients who had 
undergone a major vascular resection showed similar short-
term perioperative outcomes in terms of surgical morbidity 
and mortality and long-term oncological survival results as 
patients who had not undergone a major vascular resection 
(41,56). Therefore, according to the current consensus, 
extensive surgery requiring major vascular resection is not a 
contraindication to curative surgery.

Staging and nomograms

Although iCCA is the second most common primary liver 
malignancy, its incidence is rare, and limited understanding 
of the disease has meant that the value of prognostic factors 
has been uncertain for the past several decades. Initially, 
in the 6th edition of the AJCC TNM staging system for 
iCCA, the classification was the same as that of HCC 
based on the data exclusively referring from HCC. In 
addition, several other staging systems such as the LCSGJ, 
the Nathan, and the Okabayashi have been proposed, but 
none of these staging systems have been able to provide 
a satisfactory ability for stage stratification (57,58). An 
independent staging system for iCCA was adapted in the 
7th edition of the AJCC staging system, and an improved 
ability to discriminate patient survival by stage was  
noted (59). The staging system was recently revised to the 
8th edition (3) by (I) reclassifying T1 solitary tumors without 
vascular invasion into T1a and T1b according to a tumor 
size greater than 5 cm; (II) combining T2a solitary tumors 
with vascular invasion and T2b multiple tumors in a newly 
incorporated T2 stage; (III) reclassifying tumors involving 
local extrahepatic structures by direct invasion from the 
previous T3 stage to the T4 stage; (VI) omission of tumors 
with periductal invasion in the previous T4 stage; and (V) 
reclassifying N1 disease with no distant metastasis into stage 
IIIB instead of stage IVA. However, these modifications 
did not significantly improve the prognostic discrimination 
compared to the previous 7th edition, especially in patients 
with stage T3 disease (36,60,61). Therefore, an ideal staging 

system for prognostic stratification in surgical patients 
remains to be investigated. In addition to the imprecise 
classification at the T stage, the inability to reflect the 
biological aggressiveness of the tumor by just estimating 
anatomical/pathological features may be another reason for 
the incomplete performance of the current staging system, 
and the inclusion of preoperative serum CEA level, CA19-
9 level, and tumor cell differentiation has been suggested to 
improve the predictive power (58,62). In order to predict 
the prognosis of the individual patient more precisely, 
several prognostic nomograms have been proposed (63-65). 
Hyder et al. (65) performed an international multicenter 
study of 514 patients in 13 major Eastern and Western 
hepatobiliary centers and developed a nomogram based 
on 6 independent prognostic markers: patient age, tumor 
size, tumor number, lymph node status, vascular invasion, 
and underlying cirrhosis. The nomogram showed better 
ability of survival prediction than the conventional AJCC 
staging system (65). Serum tumor marker values have also 
been incorporated into the other two nomogram systems by 
Yeh et al. (63) and Wang et al. (64). The superiority of the 
prediction of survival was also demonstrated in these studies 
in validation cohorts. (64,65).

Re-resection for recurrence

Unfortunately, even after curative resection for iCCA, a 
large proportion of patients developed recurrence within 
5 years of surgery, and recurrent disease ultimately led to 
mortality in most patients (28,66-69). Treatment options for 
recurrent tumors include repeat resection, local ablation, 
intra-arterial therapy, selective internal radiation therapy 
(SIRT), systemic chemotherapy, and best supportive 
care. More than half of the recurrences developed only 
intrahepatically, and it was assumed that resection of the 
recurrent tumor could offer a survival advantage (28,66,69). 
In previous studies, the OS of recurrent patients who 
had surgical resection was better than that of recurrent 
patients who received other treatment modalities. (28,69). 
Furthermore, after successful resection of recurrent iCCA, 
the OS of patients was similar to that of non-recurrent 
patients after the first operation. However, due to the 
selection bias from retrospective studies, care should be 
taken to interpret these results. In a study of 400 patients 
with recurrent iCCA by Spolverato et al. (67), repeated 
liver resection offered only a modest survival benefit with 
a median time to second recurrence of 11.5 months. The 
selection of patients who will really benefit from repeated 
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operation should be thoughtful. Multiple recurrent nodules, 
the size of the recurrent tumor, time to recurrence, lymph 
node status, liver cirrhosis, and the number of primary 
tumors are independent risk factors for survival and should 
be considered selection criteria (28,66,68). As a result, 
repeated resection can only to be applied to a minority of 
patients. In several cohort studies, the resection rate for 
recurrences was between 9% and 28.6% (28,66-69).

Minimally invasive approach

Although it  has been well  known that the use of 
laparoscopic liver resection in HCC patients can improve 
perioperative outcomes without compromising long-term 
oncological survival (70), the reported series of laparoscopic 
resection in iCCA patients are rare, which may reflect 
the complexity of the disease nature that often requires 
extensive resection and lymph node dissection (71). From 
the few reports available comparing laparoscopic with open 
approaches to iCCA, less blood loss, less blood transfusion 
requirement, shorter hospital stays, and faster functional 
recovery were observed in the laparoscopic group, but 
the R0 resection rate, the recurrence-free survival, and 
the OS were observed similar (72-76). However, previous 
studies were limited to few laparoscopic case numbers, and 
the largest number of cases was only 20 (75). Therefore, 
it should be carefully considered whether these results 
can be applied to all iCCA patients. In a larger study of 
2,309 iCCA patients who underwent surgery, the data 
from the National Cancer Database of the United States 
were retrieved and analyzed (77). The rate of lymph 
node dissection was significantly lower in patients with 
laparoscopic liver resection (39%) than in patients with 
open liver resection (61%). In addition, of the 120 patients 
who had both laparoscopic liver resection and lymph node 
dissection performed, up to 31% of patients had only one 
lymph node harvested. These results may suggest that 
performing the laparoscopic resection in iCCA patients 
harbors the risk of inadequate nodal staging. The advantage 
of robotic-assisted surgery is that it enables delicate and 
precise dissection in a confined space and can facilitate 
hepatic hilum lymph node dissection (78). In recent studies, 
increasing evidence has gradually demonstrated that robotic 
surgery has similar surgical-oncological effectiveness to 
open and traditional laparoscopic surgeries in the treatment 
of iCCA (79-81). In general practice, a minimally invasive 
approach to iCCA may be feasible in selected patients 
with peripheral and isolated tumors (71). In addition, the 

initial laparoscopic exploration could also be considered 
in high-risk patients with advanced disease. Presumably, 
almost one-third of patients with hepatobiliary cancer could 
benefit from avoiding unnecessary laparotomy by staging 
laparoscopy according to the literature (82-84).

Adjuvant therapy

Although surgery is the primary option of curative 
therapy, the incidence of disease relapse remains high, 
especially in advanced stages. There is an urgent need 
to develop effective adjuvant therapy to reduce the rate 
of recurrence and extend patient survival. However, the 
current recommendations for adjuvant therapy are mainly 
based on several retrospective studies, consensuses, and 
very few clinical trial results. A retrospective study analyzed 
the data of 638 surgical patients from the United States 
National Cancer Database and found that patients with 
positive lymph nodes or positive margins could benefit from 
adjuvant chemotherapy or chemoradiotherapy (85). The 
benefits of adjuvant chemotherapy in high-risk patients 
(i.e., patients with a large tumor size, multiple tumors, 
vascular invasion, advanced T stages, or the periductal-
infiltrating type) were also observed in two multi-
institutional researches and one matched-pair analysis 
(28,86,87). Gemcitabine-based chemotherapy were the most 
favorable regimens and comprised more than half of the 
treatment protocols in these studies. A meta-analysis of 15 
retrospective series and 5,060 patients showed a significant 
advantage of adjuvant chemotherapy for patient survival 
(hazard ratio 0.66, 95% CI: 0.55–0.79, P<0.001) (88).  
The intravenous route of chemotherapy injection and 
the administration of a gemcitabine-based regimen were 
associated with improved OS in the study. However, no 
improvement of DFS was observed in the subgroup analysis.

The current standard treatment for unresectable iCCA 
is systemic chemotherapy with cisplatin plus gemcitabine 
according to the results of the ABC-02 trial (7). However, 
the efficacy of this regimen in the adjuvant setting for 
iCCA seems difficult to evaluate in prospective randomized 
trials due to the limited number of clinical trials and the 
heterogeneity of target patients, who usually include not 
only those with iCCA, but also those with extrahepatic 
CCA, gallbladder cancer, or periampullary carcinoma  
(89-92). The PRODGE 12-ACCORD 18 (UNICANCER 
GI) study was a randomized phase III trial in which 
the adjuvant therapy with gemcitabine plus oxaliplatin 
(GEMOX) was compared with the observation in patients 
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with resected biliary tract cancer (89). There were 194 
patients in the study: 86 with iCCA, 15 with pCCA, 55 with 
dCCA, and 17 with gallbladder cancer. No survival benefit 
was observed in the treatment group compared to the 
control observation group. The subgroup analysis showed 
no survival benefit of the adjuvant GEMOX in patients with 
iCCA. In the phase III Bile Duct Cancer Adjuvant Trial 
(BCAT) in Japan, the efficacy of the adjuvant gemcitabine 
was compared with the observation in patients with resected 
bile duct cancer, but mainly patients with pCCA and 
dCCA were included (90). There was also no significant 
difference in survival between the treatment group and the 
observation group. The recently conducted BICAP phase 
III trial revealed a potentially survival benefit of adjuvant 
therapy with capecitabine in patients with resected biliary 
tract cancer (91). A total of 447 patients were enrolled, 
and 223 patients, including 43 with iCCA, were randomly 
assigned to the capecitabine group; 224 patients, including 
41 with iCCA, were randomly assigned to the observation 
group. Although the study showed no survival benefit in 
the intention-to-treat analysis, with a median survival in the 
treatment group of 51.1 months compared to 36.4 months 
in the observation group (hazard ratio 0.81, 95% CI: 
0.63–1.04, P=0.097), improved OS was still observed in the 
per-protocol analysis, with a median survival of 53 months 
versus 36 months (hazard ratio 0.75, 95% CI: 0.58–0.97; 
P=0.028). Notably, no survival benefit was observed in the 
subgroup analysis of iCCA. Based on these evidences, in 
the updated practice guidelines, the preferred treatment 
regimen of adjuvant therapy is capecitabine for a period of 6 
months after surgery (20,93). The ACTICCA-1 trial (NCT 
02170090) is currently ongoing and recruiting patients (94). 
In relation to the results of the ABC-02 trial, postoperative 
patients with CCA and muscle invasive gallbladder 
carcinoma are randomized in this multinational phase III 
trial to receive either adjuvant therapy with gemcitabine 
plus cisplatin or only observation. The upcoming results 
may provide further information on the choice of adjuvant 
therapy.

Neoadjuvant therapy

Although the tumor response rate to the classic systemic 
chemotherapy regimen with cisplatin plus gemcitabine 
could reach 25.5% (7), the strong evidence of a survival 
benefit in patients who underwent surgery after neoadjuvant 
chemotherapy was insufficient, and the role of neoadjuvant 
therapy remains controversial. In a multi-institutional 

analysis of 1,057 patients, 62 patients who received 
preoperative chemotherapy, even though they had more 
diseases in advanced stages, had a similar median OS and 
DFS to 995 patients without preoperative chemotherapy (95).  
In another study by Le Roy et al. (96), 39 (53%) of 74 
patients with locally advanced iCCA received liver resection 
after a median of six cycles of chemotherapy. The median 
survival of these 39 patients was 24.1 months, which was 
comparable to the 25.7 months of patients with initially 
resectable iCCA. SIRT is also seen as another potential 
method for downstaging (97). In a French study of 137 iCCA 
patients who underwent upfront surgery and 32 patients 
who received downstaging treatment (13 chemotherapy and 
19 SIRT) for an initially unresectable disease, SIRT was 
identified as an independent prognostic factor associated 
with a survival benefit (98). The combination of SIRT and 
systemic chemotherapy could be a promising strategy to 
downstage unresectable disease to surgical treatment. In a 
study of 45 patients treated with SIRT plus chemotherapy 
for unresectable iCCA, eight patients underwent surgery 
after successfully downstaged and all patients achieved an 
R0-resection (99). More recently, the results of a phase 
II trial on radioembolization plus chemotherapy for the 
first-line treatment of locally advanced iCCA showed that 
22% of patients could be downstaged to surgery (100). In 
the study, the median recurrence-free survival of surgical 
patients was not reached after a median follow-up interval 
of 46 months. Though current evidence may not be 
sufficient to support routine neoadjuvant therapy in iCCA, 
limited but promising results from recent studies (e.g., 
systemic chemotherapy plus SIRT in advanced iCCA) may 
warrant further researches and clinical trials to investigate 
the potential role of neoadjuvant therapy in patients with 
advanced iCCA.

Liver transplantation

While liver transplantation is viewed as an effective 
method for curative treatment in HCC patients with 
tumors within the Milan (101) or UCSF (102) criteria, liver 
transplantation for iCCA has traditionally been considered 
a contraindication (103,104) due to disappointing results 
from early series. In 1997, Casavilla et al. reported a case 
series of 20 patients, the 5-year OS and DFS rates were 
18% and 31%, respectively (105). The earlier Canadian 
experience of 10 patients reported by Ghali et al. revealed 
a 30% 3-year OS rate after liver transplantation (106). 
Similar results were also observed from the other studies in 
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which the majority of patients had tumor recurrence within 
3 years of liver transplantation and the 5-year survival rate 
was no more than 38% (107-109). The low survival and 
high recurrence rates were far behind the results of liver 
transplantation for non-tumor cirrhotic patients or HCC 
patients within Milan criteria and discouraged surgeons 
from using liver transplantation as a treatment option for 
iCCA (109,110). However, in a recent study, a subgroup 
of cirrhotic patients with “very early” iCCA, defined as 
solitary tumor ≤2 cm, achieved an excellent 5-year survival 
rate of up to 73% after liver transplantation (111). The 
5-year tumor recurrence rate of these “very early” iCCAs 
could be only 18%, compared to 65% of the “advanced” 
iCCAs which consist of multiple tumors or tumors larger 
than 2 cm (112). Therefore, patients with a single iCCA 
smaller than 2 cm should not be precluded as candidates 
for liver transplantation, as the long-term outcome may be 
comparable to that of patients with HCC (111-113).

Given the promising results of liver transplantation for 
unresectable pCCA from a multicenter study in which 
214 patients received neoadjuvant therapy followed by 
liver transplantation and the 5-year recurrence-free 
survival rate reached 65% (114), liver transplantation 
for locally advanced iCCA with no evidence of lymph 
node or distant metastasis has been suggested by experts 
(115-118). To define which patients could benefit from 
liver transplantation, a retrospective study by Hong  
et al. (116) reviewed the data of 40 patients who had liver 
transplantation for locally advanced iCCA and pCCA. 
Seven predictive factors for tumor recurrence, namely, 
multifocal tumors, perineural invasion, an infiltrative 
growth pattern, a lack of neoadjuvant and adjuvant therapy, 
a history of PSC, hilum tumors, and lymphovascular 
invasion, were identified and assigned risk score points. 
Patients in the low-risk group according to the summed 
risk score point stratification system could achieve a 
high 5-year tumor recurrence-free survival rate of up to 
78%. Liver transplantation seems to offer better tumor 
recurrence-free survival than radical liver resection 
combined with bile duct resection in locally advanced 
iCCA (117). In particular, the survival benefit was more 
obvious in transplant patients who received neoadjuvant 
and adjuvant therapy than in patients with no therapy  
(5-year tumor recurrence-free survival: 47% versus 20%, 
P=0.03). In a recent prospective case series study by the 
Methodist-MD Anderson Joint Cholangiocarcinoma 
Collaborative Committee (MMAJCCC) (115), six patients 
with unresectable locally advanced iCCA received liver 

transplantation under the condition of at least 6 months of 
radiologically stable or regression disease on neoadjuvant 
chemotherapy. The median follow-up time for transplant 
patients was 36 months, and the 5-year OS and DFS rates 
were 83.3% and 50%, respectively. The author pointed 
out that chemoresponsiveness can serve as an important 
surrogate marker of tumor biology behavior in the selection 
of iCCA patients suitable for liver transplantation. In this 
series, 5 recipients underwent next-generation sequencing 
of tumors. KRAS and BAP1 mutations, presumably may 
be associated with an aggressive phenotype in iCCA, 
were each identified in different one patient and both 
patients developed disease relapse. Although these results 
may not sufficiently conclude the relationship between 
tumor recurrence and genetic profile, the author believed 
that tumor genomic profiling would play an important 
role in identifying patients with a favorable biology for 
transplantation in the future (115,119).

Conclusions

Surgery is the only treatment that can provide long-term 
survival for patients with iCCA. Unfortunately, the majority 
of patients are diagnosed at an advanced stage and the 
prognosis is compromised by a high recurrence rate even 
after curative resection. It is important to undergo optimal 
preoperative imaging studies to identify subtle intrahepatic 
and extrahepatic lesions and to select suitable surgical 
candidates. Although large tumor size, multifocal disease, 
major vascular invasion, and large bile duct involvement 
do not preclude patients from surgery, a negative surgical 
margin with sufficient remnant liver function must be 
ensured when patients receive liver resection. Hepatic 
hilum lymphadenectomy with an adequate number of 
harvested lymph nodes during surgery should be a routine 
practice for accurate disease staging. Postoperative adjuvant 
chemotherapy could be offered to patients to improve 
survival, especially in patients with advanced-stage disease. 
Liver transplantation could provide a survival benefit for 
patients with a small and single tumor who cannot receive 
a resection due to liver cirrhosis. Patients with unresectable 
locally advanced disease who are chemoresponsive and 
have stable disease after initial neoadjuvant chemotherapy 
may also be eligible to liver transplantation. However, the 
selection of patients for liver transplantation may warrant 
further study. In the future, molecular and genomic 
profiling information could provide important guidance for 
surgical strategy decisions.
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