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Abstract 

Cholangiocarcinoma (CCA) is a relatively rare malignant tumor originating from the bile duct epithelial 
cells, and it is one of the malignant tumors with fast growth in incidence and death rate in recent years. 
CCA carries a very poor prognosis due to a typically late clinical presentation and a poor response to 
current therapeutics. Currently, surgery is the only possible curative treatment, radiotherapy and 
chemotherapy also play an important role in slowing down disease progression, while targeted therapy 
and immunotherapy are changing with each passing day and their combined effect may have great 
potential for the treatment of CCA; Clinical trials of various treatment options for CCA are also being 
conducted. This article reviews the different treatment options for CCA and explores the adjuvant 
treatment for it from a new perspective. In the future, the goal of treatment should be multiple and 
combined for different CCA patients to achieve individualized programs and improve overall survival. 
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Introduction 
Cholangiocarcinoma is an epithelial cell 

malignancy arising at different locations within the 
biliary tree showing marks of cholangiocyte 
differentiation [1, 2]. They are usually classified by 
anatomical location into intrahepatic cholangio-
carcinoma (ICCA) [3], perihilar cholangiocarcinoma 
(PCCA) and distal cholangiocarcinoma (DCCA), the 
latter two often collectively referred to as extrahepatic 
cholangiocarcinoma (ECCA), each has a separate 
American Joint Committee on Cancer (AJCC) staging 
system [4]. ICCA is defined as bile duct cancer located 
at the proximal end of the secondary bile duct 
(proximal and distal refers to the direction of bile flow 
so that the intrahepatic bile duct is close to the 
common bile duct); In the liver, PCCA is located in the 
area of the secondary bile duct where the cystic duct is 
inserted into the common bile duct; and DCCA is 
limited to the area between the origin of the cystic 
duct and the ampulla of Vater [5]. The overall 
incidence of CCA has been increasing globally over 

the past 40 years [6]. The absence of specific clinical 
manifestations in the early stages of the disease makes 
diagnosis difficult, and most patients do not develop 
significant clinical symptoms until the disease has 
progressed to intermediate or advanced stages, but 
treatment options are very limited at this time and the 
prognosis is poor [7]. In recent years, the treatment 
methods for CCA have become more and more 
diversified, including more mature and effective 
surgical treatment, radiotherapy and chemotherapy in 
the first-line treatment, especially immunotherapy, 
targeted therapy and combination therapy that have 
recently become hot spots. However, there has not 
been a good consensus on the treatment of CCA, and 
the development of individualized treatment and 
comprehensive treatment plans for different patients 
has not been well recognized and popularized. Based 
on this, this article reviews the treatment of CCA, 
discusses the different therapeutic approaches or 
combined treatment options for CCA, and it 
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systematically introduces the effects of different 
treatments for CCA and the clinical benefits of 
patients. 

Surgery 
The early symptoms of CCA are not obvious, 

studies have shown that only about 35% of patients 
can be detected early and receive surgical treatment, 
and most of the patients have already developed 
advanced stages by the time of presentation. For 
patients who may undergo surgical treatment, we 
need to think about how to safely perform surgical 
treatments [8]. Accurate preoperative evaluation is 
very necessary for patients, not only can it effectively 
increase the success rate of surgery, but also improves 
the quality of life and prognosis of patients. When the 
patient has the conditions for surgery, it is necessary 
to consider the method of surgery, the scope of 
resection, and the need for lymph node dissection. In 
view of the differences in surgical methods and 
prognosis of different types of CCA, which will be 
analyzed separately (shown in Fig. 1). 

For ICCA, radical surgical treatment is 
considered the only truly effective treatment, based 
on the principle of margin-negative hepatectomy with 
preservation of a postoperative future remnant liver 
(FLR) of adequate size and function. The median 
overall survival (OS) after radical resection is about 30 
months, and the 5-year overall survival rate after 
surgery is generally up to 40%, but patients with 
negative margins (R0 resection) and lymph node 
involvement can get better survival rates. The 5-year 
survival rate can be as high as 63% [9]. Many centers 
have recommended an aggressive surgical approach 
involving extensive hepatectomy with expanded 
systemic lymph node dissection to improve prognosis 
[10]. Patients should undergo surgery only if they 
have potentially resectable tumors and are suitable 
candidates for surgery [11]. In contrast, there was no 
significant difference in perioperative complications 
and mortality in patients treated with anatomic 
resection (AR) of the liver compared to those treated 
with non-anatomic resection (NAR) of the liver. 
Patients treated with AR can have a better long-term 
prognosis, especially for ICCA patients with TNM 
stage I tumors >5 cm and TNM stage II without 
vascular invasion [12]. In 2015, an international 
consensus based on the available data at the time 
concluded that lymphadenectomy may improve the 
staging and prognosis. It is recommended that 
patients with lymph node metastasis (LNM) undergo 
standard hepatoduodenal lymph node dissection in 
the surgical treatment of ICCA [13]. However, Zhang 
XF et al. did a retrospective study and confirmed that 
the prediction model for predicting LNM before 

surgery was not effective based on existing data. 
Routine histological evaluation of lymph node 
resection seems to be the only accurate method for 
diagnosing LNM and providing accurate staging. 
Therefore, the results of lymph node dissection can be 
used to guide staging and determine the indications 
for adjuvant chemotherapy [14]. Several other studies 
have shown that LNM has no effect on the survival of 
patients without evidence of LNM [15]. At the same 
time, preventive lymph node dissection should be 
performed with caution in patients with liver 
cirrhosis, because it is associated with a significant 
increase in postoperative complications [16]. 
Therefore, LN anatomy should be limited, and 
individualizing plans should be developed for 
different patients, preferably only for obtaining 
samples for staging and other purposes. Liver 
transplantation is also an alternative surgical 
treatment. Although ICCA is considered a contra-
indication for liver transplantation, studies have 
shown that for early ICCA smaller than 2 cm, liver 
transplantation can provide patients with better 
curative effect and survival, and their 1, 3, and 5-year 
survival rates can reach respectively 93%, 84% and 
65% [17]. And the results published in 2016 support 
liver transplantation as a treatment option for early 
ICCA patients. Compared with other treatments, liver 
transplantation is more effective. A recent study in 
Japan also showed that the 5-year survival rate of 
patients with early ICCA was 82% [18]. 

Surgical resection of PCCA is a potential 
treatment option for patients with PCCA without the 
following exclusion barriers: bilateral secondary bile 
duct involvement, bilateral or contralateral vascular 
involvement, presence of metastatic disease, and 
underlying primary sclerosing cholangitis (PSC) [19]. 
The basic principle of surgery is marginal negative 
complete resection of the tumor and regional lymph 
node dissection with the need for resection and 
reconstruction of the portal vein and/or hepatic 
artery, and with biliary reconstruction usually 
performed by Roux-en-Y choledojejunostomy. For 
some patients with early stages cannot rule out 
surgical contraindications, the tumor can be removed. 
Expanding the scope of resection, including three- 
segment resection, vascular resection and hepato-
pancreatoduodenectomy, can avoid unnecessary liver 
transplantation of PCCA, and even provide good 
results in some truly localized PCCA patients [20]. 
Chen KJ et al. collected the clinical results of 176 
patients with advanced PCCA. In the entire cohort, 
the 1-year, 2-year, and 3-year OS rates were 53%, 24%, 
and 13%, respectively. According to the treatment 
method, the OS rates at 1, 2, and 3 years were 65%, 
38%, and 38% in the radical resection group (n=62), 



 Journal of Cancer 2022, Vol. 13 

 
https://www.jcancer.org 

452 

and 63%, 30%, and 20% in the palliative resection 
group (n= 28), it can be inferred that surgery is still the 
best treatment for advanced PCCA [21]. Most 
reported 3-year and 5-year survival rates after PCCA 
resection are approximately 45% (35% to 60%) and 
30% (15% to 40%) [22]. Futural research should focus 
on improving the R0 resection rate. It can be achieved 
by more extensive resection, especially the resection 
of the proximal bile duct. The selection criteria for 
candidates who are suitable for liver transplantation 
include: the presence of unresectable tumors with a 
radial diameter of <3 cm, and the absence of 
intrahepatic or extrahepatic metastatic disease [23]. In 
the case of PSC, regardless of resectability, the best 
treatment for PCCA is liver transplantation [22], 
because visual field defects associated with this 
underlying chronic liver disease can promote 
canceration. Therefore, for early patients, the benefits 
of choosing liver transplantation still need to be 
verified by more clinical results. 

DCCA is associated with the proliferation of 
connective tissue and the infiltration of surrounding 
structures, and a preliminary preoperative evaluation 
is required to rule out distant metastases and assess 
local resectability. For resectable tumors and patients 
who can tolerate radical surgery, the surgical option is 
usually pancreaticoduodenectomy with biliary tract 
reconstruction [24]. In a Mayo Clinic cohort of 
patients, the median OS of DCCA was 22.0 months 
[25]. In V. Sallinen’s study, the OS of DCCA patients 
was 40.4 months (95% CI: 19.1-61.7 months) [26]. In 
the study of Zhou WW et al., the median OS of all 
patients was 45.5 months (95% CI 13.5-77.5 months), 
and the 1-year, 3-year, and 5-year OS rates after 
resection were 82.6%, 55.2%, and 47.2%, respectively 
[27]. 

Chemotherapy 
Chemotherapy plays a certain role in delaying 

the progression of the disease for patients who are 
inoperable, even some inoperable patients can receive 
surgical treatment after induction treatment to obtain 
higher therapeutic effects. At the same time, 
chemotherapy is also one of the adjuvant treatments 
after surgery. Nowadays, with the development of 
more clinical trials of combination drugs, more 
appropriate and effective treatment plans can be 
formulated according to the efficacy of different 
chemotherapeutic drugs. According to the 2021 
NCCN guidelines, regardless of anatomic disease 
subtype, and the tumor is or not applicable to local 
and surgical options, the combination of Gemcitabine 
and Cisplatin remains the current first-line 
chemotherapy regimen for patients with advanced 
CCA. Therefore, in view of the fact that the difference 

in chemotherapy of different types of CCA is not very 
large, we will discuss them together next. Previously, 
the Japanese JCOG1113 (FUGA-BT) [28] compared 
Gemcitabine combined with TGO and Gemcitabine 
combined with Cisplatin, which showed that 
Gemcitabine combined with TGO was no less than 
Gemcitabine combined with cisplatin (OS: 13.4 and 
15.1 months, respectively, P=0.06; PFS: 5.8 and 6.8 
months, respectively), coupled with the convenience 
of not hydrating Gemcitabine combined with TGO, it 
can be considered as a new standard first-line 
chemotherapy for advanced CCA [29]. In addition, 
the Kansai Hepatobiliary Oncology Group 
(KHBO1401-MIT-SUBA study; NCT02182778) 
conducted a phase III trial to evaluate Gemcitabine + 
Cisplatin + S-1 combination therapy (GCS) over GC 
therapy in terms of MST. Yanagimoto, H et al. proved 
that GCS therapy is better than GC [30]. Research on 
Capecitabine, with results from three phase III clinical 
trials (BCAT, PRODIGE-12/ACCORD-18, BILCAP) 
[31-33], of which the BILCAP trial showed the 
presence of adjuvant therapy BILCAP included 447 
postoperative patients, randomized to the single- 
agent Capecitabine group (223 patients) and the 
observation group (224 patients), the purpose of the 
trial is to determine the OS difference of the intention- 
to-treat (ITT) population based on factors such as 
anatomical location, resection margin status, 
lymphatic status and many more. The results of the 
trial showed that the median OS in the ITT population 
was 51.1 months (95% CI 34.6-59.1 months) and 36.4 
months (95% CI 29.7-44.5 months) in the Capecitabine 
group and the observation group, respectively. The 
recurrence free survival (RFS) was 24.4 months (95% 
CI 18.6 to 35.9 months) and 17.5 months (95% CI 12.0 
to 23.8 months) in the two groups, with HR 0.75 (95% 
CI 0.58 to 0.98), p=0.033; based on the data, we can 
clearly see that the Capecitabine group showed a 
survival benefit and was well tolerated, thus favoring 
the prolonged survival of patients. In addition, phase 
II clinical trials of albumin-conjugated paclitaxel 
combined with Gemcitabine were also conducted in 
patients with advanced CCA and achieved good 
results [34]. The combination of albumin-conjugated 
paclitaxel with chemotherapeutic agents for the 
first-line treatment of patients with advanced CCA 
has a survival benefit that is not inferior to that of 
standard therapy and is tolerable in terms of toxicity, 
which can be an alternative choice in the clinic. At 
present, until the advanced CCA -06 study, presented 
at the 2019 Annual Meeting of American Oncology, 
establishes oxaliplatin combined with 5-fluorouracil 
and folic acid as the standard regimen after some 
treatment failures, there is no standard second-line 
treatment regimen [35]. For patients after surgical 
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resection, a recent trial included 931 adults (18 to 83 
years old) who underwent radical resection of CCA. 
The final result cannot determine the effect of 
postoperative adjuvant chemotherapy and no 
postoperative adjuvant chemotherapy on the 
mortality of patients [36]. The role of adjuvant therapy 
after R0 resection for patients with intrahepatic and 
perihilar cholangiocarcinoma, for some patients who 
cannot be operated on, induction therapy can be 
considered first. Ali Belkouz et al. did a cohort of 10 
studies that represented 334 patients with locally 
advanced PCCA and ICCA who received induction 
therapy. 180 patients (53.9%) underwent resection 
after induction therapy, 115 patients (63.9%) 
underwent R0 resection. Combined OS data showed 
that chemotherapy plus resection was better than 
chemotherapy alone (HR = 0.31, 95% CI = 0.19-0.50; P 
<0.0001). In addition, in studies included, the 
treatment was well tolerated and the incidence of 
toxicity was low. These findings may indicate that 
initially locally advanced PCCA or ICCA is safe and 
feasible for patients selected for surgery after 
induction therapy [37]. In the later stage, we can 
continue to study the clinical effects of better 
chemotherapy drugs. In the future, the best adjuvant 
chemotherapy treatment for patients with cholangio-
carcinoma can be explored [38], and the prognosis of 
the patient can be improved and the quality of life can 
be improved. 

Radiation therapy 
In the NCCN guidelines, for patients with CCA 

with positive resection margins or regional LNM 
under the microscope or naked eye, radiotherapy is 
recommended after surgery, and this treatment is also 
considered to be locally advanced unresectable CCA 
an effective local treatment method. The SEER [39] 

analysis of 3,839 cases of primary ICCA showed that 
the median OS of surgery plus adjuvant radiotherapy 
was 11 months compared with 6 months of surgery 
alone (p=0.014). Adjuvant radiotherapy after surgery 
had the greatest benefit on OS (HR=0.40). Gerhards 
reported a median survival of 24 months for HCC 
patients who received adjuvant radiotherapy 
compared to 8 months for surgery alone. Due to the 
lack of randomized trials, 10 retrospective cohort 
studies [40] were included in a systematic review and 
meta-analysis of adjuvant radiation therapy for 
patients with primary liver cancer. The results 
showed improved OS with adjuvant three- 
dimensional conformal radiation therapy (HR=0.62, 
95% CI: 0.48-0.78, p<0.001). Stereotactic body 
radiotherapy (SBRT) is a highly precise radiotherapy 
technology that focuses on the radical high dose of 
radiotherapy to the tumor site through external 

irradiation to achieve the goal of eradicating the 
tumor. SBRT combined with chemotherapy has 
shown some efficacy in unresectable biliary tract 
malignancies and may be a valuable clinical treatment 
option [41]. And Mahadevan A et al. [42] did an 
analysis of the efficacy of SBRT for CCA and showed 
that SBRT not only improved the overall survival of 
patients, but also its radiation toxicity was less, and its 
radiotoxicity is mild. In several prospective and 
retrospective studies [43], SBRT resulted in local 
control rates ranging from 65-100% in selected 
patients with a median OS of 11-35.5 months (15 
months). In a systematic review including 10 studies 
and 231 patients [32], the aggregated 1-year LC was 
83.4% (95% CI: 76.5-89.4%). Meanwhile, the 
combination of stenting with palliative external 
radiotherapy and/or brachytherapy may improve 
stent patency and survival. In addition, the studies on 
unresectable ICCA and particle radiotherapy are all 
phase I/II trials or small sample retrospective studies. 
However, regardless of tumor size, there is a good 
local control rate and long-term survival is also 
achieved [44]. Newer advanced radiation technologies 
offer scope for achieving better disease control and 
reduced morbidity [45]. Leng KM et al. conducted a 
study of 1917 patients with PCCA, the OS of patients 
receiving adjuvant radiotherapy and surgery was 
only 23 months and 22 months (P=0.651). In the 
matched population, radiation therapy did not show 
better OS or cancer-specific survival (CSS) (17 months 
vs 18 months, P=0.554). Therefore, it is inferred that 
there is no obvious relationship between radiotherapy 
and the improvement of survival rate of patients with 
PCCA resection [46]. And a Phase I feasibility study in 
the STRONG trial about SBRT for unresectable PCCA, 
fractionated SBRT after standard chemotherapy is a 
viable and safe local treatment option for unresectable 
PCCA [47]. A recent data analysis on DCCA found 
that adjuvant radiotherapy after DCCA resection is 
related to the survival benefits of patients, even in 
patients with negative resection margins or lymph 
node resections. Regardless of the resection margin 
and lymph node status after DCCA resection, 
adjuvant radiotherapy should be considered routinely 
[33, 48]. Due to the high local recurrence rate and low 
survival rate after radical surgery, postoperative 
radiation therapy plays an important role and 
effective combination therapy combined with 
radiation therapy is the direction to improve the 
survival rate of patients with CCA. Nowadays, 
although there is no strong evidence that radio-
therapy has significant benefits for some types of 
patients, with the increase in sample size and the 
deepening of research, we can try radiotherapy or 
combination therapy for some inoperable or post-
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operative patients in the future. 

Targeted therapy 
Targeted therapy is a treatment method that 

targets the identified carcinogenic sites at the cellular 
and molecular level. Corresponding therapeutic 
drugs can be designed, when the drug enters the 
body, it will specifically select the carcinogenic site to 
combine and act, causing the specific death of tumor 
cells. Without affecting the normal tissue cells 
surrounding the tumor. With the development of 
next-generation gene sequencing technology and the 
discovery of some emerging targets, targeted therapy 
is becoming a hot topic in the treatment of CCA. A 
study from the 2020 American Society of Clinical 
Oncology Gastrointestinal Oncology Symposium 
(ASCO GI), testing was performed on 212 patients 
with biliary tract tumors, and 68 patients with drug- 
available targets were screened for targeted therapy. 
The median progression-free survival (mPFS) was 6.2 
months and 2.8 months, compared to patients who 
did not receive targeted therapy, with significant 
clinical outcomes [49]. Next, it can be discussed 
separately according to different sites of action 
(shown in Fig. 1). 

 

Intrahepatic 
Fibroblast growth factor receptor (FGFR) is one 

of the important targets in CCA targeted therapy. 
FGFR protein mainly includes four subtypes: FGFR1, 
FGFR2, FGFR3 and FGFR4, all of which have the 
structural characteristics of the extracellular domain, 
transmembrane domain, and receptor phos-
phorylated intracellular domain that bind to ligands. 
They are tyrosine kinase signaling pathways, and part 
of it is involved in cell proliferation and 
differentiation. FGFR1 is mainly distributed in breast 
and lung cancer, FGFR2 is mainly distributed in liver 
cancer, and FGFR3 is mainly distributed in urothelial 
cancer [50]. In ICCA, the main manifestation is FGFR2 
gene fusion [51]. A study from Japan showed that 
4.8% of perihilar cholangiocarcinoma also carry 
FGFR2 fusion, while the frequency of FGFR2 fusion in 
ICCA is 7.7% [52], which may be related to hilar and 
intrahepatic are not related to a clear anatomical 
classification, but this also shows the complexity of 
FGFR2 fusion mutations in CCA. The FIGHT-202 
study uses FGFR1, FGFR2 and FGFR3 selective 
competitive inhibitor Pemigatinib to treat patients 
with locally advanced or metastatic CCA with FGFR2 
fusion or rearrangement. The treatment response rate 
is as high as 35.5%, making Pemigatinib hopeful to 
become FGFR2 fusion or new treatment for 
rearrangement of advanced CCA [53]. 

 

 
Figure 1. Different treatment of intrahepatic and extrahepatic cholangiocarcinoma. 
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Table 1. Clinical Trials of Chemotherapy, Targeted Therapy and Immunotherapy for Cholangiocarcinoma 

 Trial description Pathways Relevant data (Median) overall survival Clinical Trials.gov reference 
Chemotherapy      
FOLFOX phase III trial Chemotherapy DCR=33% 6.2 month NCT01926236 
FOLFIRINOX phase II trial Chemotherapy ORR=10% 10.7 month NCT02456714 

PFS=6.2 month 
Targeted Therapy      
Derazantinib phase II trial FGFR ORR=20.7% 13.4 month (lower expected) NCT03230318 

DCR=82.8% 
Pemigatinib phase II trial FGFR ORR=35.5% 21.2 month NCT02924376 
Erdafitinib phase II trial FGFR CRR=3% 13.8 month NCT02365597 

PRR=37% 
Ivosidenib phase II trial IDH1 PFS(I)=61% 10.8 month NCT02989857 

PFS(F)=82% 
Ramucirumab phase II trial VEGF — 5.2 month NCT01170663 
Trastuzumab phase II trial HER2 HR=0.76 — NCT00045032 

DEAD=0.74 
Niraparib phase II trial MAPK DEAD=16.1% 21.0 month NCT01847274 
Immunotherapy      
Durvalumab (Anti-PD-L1 
antibody) 

phase I trial PD-L1 HR=0.73 13.0 month NCT03043872 
AE=5% 

Pembrolizumab phase II trial PD-1 ORR=34.3% 23.5 month NCT02628067 
Nivolumab (ti-PD-1 antibody) phase II trial PD-1 ORR=22% 14.2 month NCT02829918 

DCR=59% 
 
Isocitrate dehydrogenase (IDH) participates in 

the citric acid cycle, IDH 1/2 gene mutations can 
cause intracellular DNA methylation and hypoxia, 
and promote tumor formation. Approximately 14% of 
ICCA patients carry IDH gene abnormalities, which 
occur less frequently in ECCA patients, and IDH 1 
gene abnormalities are more common than IDH 2. 
Phase III clinical trials of IDH 1 inhibitors have been 
shown to have a clear disease control effect on 
patients with CCA [54]. Ivosidenib compared with 
placebo to treat advanced CCA with IDH 1 mutations 
that failed first-line chemotherapy. The results of the 
Phase III clinical trial showed that the experimental 
group had progression-free survival (PFS) 2. 7 
months, prolonged the OS to 10.8 months, the risk of 
disease progression or death was reduced by 63%, 
and the effect was significantly better than that of the 
placebo group. 

The expression of vascular endothelial growth 
factor receptor (VEGF) is found in 30%-40% of CCA 
patients, and is associated with LNM and poor 
prognosis. The BRAF gene mutation is basically not 
present in ECCA, but it exists in ICCA a 3.3% of 
mutation [55]. 

Extrahepatic 
The ERBB receptor tyrosine kinase family 

includes 4 cell surface receptors: ERBB1/EGFR, 
ERBB2/HER-2, ERBB3 and ERBB4, which play a 
pivotal role in the process of cell differentiation and 
regulation [56]. HER-2 is mainly found in ECCA, Nam 
[57] found that through preclinical experiments on 
CCA cells and mouse models, the drug named 
trastuzumab for this target showed a good anti-tumor 
effect, indicating that HER-2 may be a potential target 

of HER-2 gene inhibitors is slightly better in patients 
with gallbladder cancer. There is mainly preclinical 
data instead of few reports in patients with CCA, and 
corresponding clinical drug research is temporarily 
lacking. 

Epidermal growth factor receptor (EGFR) also 
has a higher mutation rate in ECCA than ICCA. 
Nowadays, the current progress in clinical research on 
EGFR has not achieved significant benefits, a 
Meta-analysis evaluated the addition of EGFR 
monoclonal antibody to Gemcitabine-based first-line 
chemotherapy in advanced CCA. The results showed 
that there was no statistical significance in OS, PFS 
and ORR [58], and the combination therapy 
significantly increased blood and skin adverse effects 
reaction. The difference is that the local 
administration of Gemcitabine reported by Korean 
scholars can promote the degradation of EGFR and 
inhibit the growth of CCA [59]. The synergistic mode 
of Gemcitabine and EGFR have brought new 
inspiration to future research on the treatment of 
CCA. 

Mitogen-activated extracellular signal-regulated 
kinase (MEK) is a key substance in the cell signaling 
pathway and participates in the growth of tumor cells. 
Compared with ICCA, ECCA has a higher expression 
[60]. Binimetinib, as a potent and highly selective 
MEK1/2 inhibitor, combined with Capecitabine in the 
second and third-line treatment of CCA patients who 
have failed first-line chemotherapy has a DCR as high 
as 76.5%, ORR is 20.6% [61]. These encouraging 
clinical research results provide strong evidence for 
the further exploration of MEK inhibitors in CCA. 

For targeted therapy related to signaling 
pathways, the PI3K/Akt/mTOR signaling pathway 
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plays an important role. This pathway is not only 
involved in regulating the proliferation, 
differentiation and apoptosis of CCA cells, but also 
has a regulatory role in the function of CCA 
microenvironmental cells. Mutation of PIK3CA, the 
coding gene of PI3K, increases the activity of PI3K, a 
kinase in CCA cells, which not only reduces apoptosis 
of cancer cells, but also improves the infiltrating 
growth ability of CCA. Activated PI3K can cause Akt 
phosphorylation, and p-Akt regulates the cycle and 
apoptosis of cancer cells by affecting the expression of 
caspase-9 and nuclear factor-κ B, which play an 
important role in the growth and invasion of CCA 
[62]. The Ras/Raf/MAPK signaling pathway is one of 
the main pathogenic mechanisms of CCA. It is 
regulated by a variety of receptor molecules such as 
EGFR, HER2, VEGFR, and can interact with the cyclin 
p21 and PI3K/Akt signaling pathways. And it 
regulates the proliferation, differentiation and 
survival of tumor cells. Moreover, in the early stage of 
CCA, after the mutation of the K-Ras gene, the 
molecular switch of this pathway in the bile duct 
epithelial cells, the normal Ras protein cannot be 
produced, which leads to disorder of the signal 
pathway, uncontrolled cell proliferation and cancer 
[63]. The Notch signaling pathway, which is highly 
conservative in evolution, participates in the 
regulation of a variety of malignant biological 
behaviors of tumor cells, and plays an important role 
in the process of CCA biogenesis. Liu et al. [64] found 
that the expression of miR-129-2-3p in ICCA tissues 
and cells was reduced, and its target gene Wip1 
played a tumor-suppressing effect in the progression 
of ICCA. The high level of Wip1 in human ICCA is 
associated with metastasis to lymph nodes (P=0.022). 
Compared with the control group, Wip1 gene deletion 
can significantly inhibit the proliferation and invasion 
of ICCA cells. Therefore, Wip1 may be a key regulator 
of human ICCA tumorigenesis and invasion, and 
Wip1 may be a therapeutic target of ICCA [65]. At the 
same time, the low expression of iNOS can also inhibit 
the proliferation of ICCA cells and promote cell 
apoptosis [66], which can be used as a breakthrough 
in the treatment of CCA in the future. 

In recent decades, targeted therapy studies for 
CCA have shown no clear effect. On the one hand, the 
common target mutation rate is very low, and the 
treatment effect is poor. On the other hand, in 
addition to common targets, there are many unknown 
targets and we have not found a way to deal with 
them. Due to the development of next-generation 
molecular sequencing technology and the discovery 
of some emerging targets, the bile duct cancer gene 
map has been further improved, and as a novel 
treatment method for CCA, targeted therapy has a 

broad field of exploration, and it is worthwhile to 
spend more energy on research. In the future, targeted 
therapy is likely to become a boon for patients with 
CCA. 

Immunotherapy 
Immune checkpoint inhibitors 

Immune checkpoint inhibitors are the focus of 
immunotherapy in recent years. Their anti-tumor 
effects are mainly through blocking immune detection 
sites, re-establishing normal anti-tumor immunity, 
restoring or improving the body's anti-tumor immune 
response, and thus controlling and clearing tumors. 
Immune checkpoints are molecules that regulate the 
immune system’s response to foreign invaders. Under 
normal conditions, co-stimulatory molecules are 
balanced with immune checkpoint molecules to 
minimize the invasion of surrounding normal tissues 
[67]. Immune checkpoints are often manipulated by 
tumor cells to evade immune surveillance, such as 
Programmed death protein-1 (PD-1) and Cytotoxic 
T-lymphocyte antigen-4 (CTL-4). These checkpoints, 
once activated by their specific ligands (PD-L1 and 
CD152), respectively, promote apoptosis in peripheral 
blood T cells [68]. In recent years, checkpoint 
inhibitors such as CTLA-4 and PD-1 have been found 
to enhance the antitumor immune response [69]. 

PD-1 has two binding ligands, PD-L1 and PD-L2, 
of which PD-L1 is the most prominent in regulation. 
PD-1 binds to PDL-1 and PDL-2 to inhibit the immune 
activity of T cells and promote tumor growth. 
Blocking PD-1 can restore T cell immune activity, 
thereby improving anti-tumor activity. At present, 
PD-1/PD-L1 inhibitors mainly include Nivolumab, 
Pembrolizumab, Avelumab, Durvalumab, 
Atezolizuma and many more, and they have achieved 
good curative effects in the treatment of non-small cell 
lung cancer, malignant melanoma, and renal cell 
carcinoma [70], and have been found effective for 
malignant tumors such as stomach cancer and liver 
cancer [71]. In 2015, the European Society of Medical 
Oncology (ESMO) reported the interim results of the 
KEYNOTE-028 phase Ib study. 24 patients with 
advanced biliary tumors (20 cases of CCA, 4 cases of 
gallbladder) with positive PD-L1 expression (>1%), 
the objective remission rate of the anti-PD-1 mono-
clonal antibody Pembrolizumab treatment was 17%, 4 
cases had partial remission, 4 cases had stable disease, 
the drug showed good antitumor activity, and the 
patients were well tolerated. Alshari OM et al. [72] 
reported a case of Pembrolizumab applied to CCA 
patients, and there was no recurrence after 2 years of 
follow-up. However, there is still a lack of data on the 
effectiveness and safety of the drug in large-scale use 
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of CCA. In addition, there are many other different 
combinations of Pembrolizumab in clinical research 
on advanced CCA. For example, ASCO reported in 
2018 the results of a phase II clinical trial of 
Pembrolizumab combined with granulocyte- 
macrophage colony stimulating factor in the 
treatment of advanced biliary tract tumors. Of the 27 
patients (74% ICCA), 5 cases (19%, 1 case of micro-
satellite instability, 4 cases of microsatellite stable) 
achieved partial remission, and the 6-month disease- 
free survival rate reached 35%. 30% of the cases are 
PD-L1 positive (≥1%), but there is no correlation with 
the objective response rate and the 6-month disease- 
free survival rate. Mou H et al. [73] reported a case of 
ICCA with high tumor mutational burden (TMB) and 
PD-L1 expression after receiving Pembrolizumab 
treatment combined with complete remission (CR) 
with fewer side effects. It seems that both PD-L1 
expression and TMB may be potential indicators for 
predicting treatment response [74]. The expression of 
PD-L1 in tumor cells, tumor mutation burden, high 
degree of microsatellite instability-high (MSI-H)/ 
mismatch repair deficiency (dMMR), and many more 
can often be used to assess the sensitivity of immune 
checkpoint inhibitors of biomarkers. In 2017, Le et al. 
[75] reported the efficacy of Pembrolizumab in dMMR 
solid tumors. The study included 86 patients with 12 
tumor types, with an objective response rate of 53%. 
Including 4 cases of CCA, 1 case had complete 
remission, 3 cases had stable disease, and the disease 
control rate was 100%. It has been previously reported 
that 5%-10% of CCA patients have dMMR [76], and 
321 cases of biliary tract tumors have been sequenced. 
13% of ICCA patients, 26% of ECCA patients, and 6% 
of gallbladder cancers have DNA repair mutations 
(including MSH6, BRCA1, BRCA2, ATM, MLH1, 
MSH2 and many more). In dMMR cancers, the 
proportion of mutated neoantigens is large, which 
makes them sensitive to immune checkpoints, 
regardless of the origin of the cancer [77]. The above 
conclusions indicate that checkpoint inhibitors may be 
a promising treatment for dMMR/MSI-H CCA 
patients. Nivolumab is an IgG4 monoclonal antibody 
that has human immune function and targets PD-1. 
Gou et al. [78] used Nivolumab to treat 30 patients 
with metastatic BTC. The objective response rate 
(ORR) was 20%, the disease control rate (DCR) was 
60%, and the PFS was 3.1 months without serious 
adverse reactions. This also shows that 
Pembrolizumab and Nivolumab have potential 
curative effects for the advanced treatment of CCA. 

CTLA-4 is a member of the immunoglobulin 
superfamily and is mainly located in the cells of 
quiescent primitive T cells. CTLA-4 interferes with the 
binding of B7 and CD2 by directly transmitting 

inhibitory signals to T cells, thereby inhibiting the 
response of T cells [79]. The blocking agent not only 
increases the number of CD8+ T cells, but also 
consumes Treg cells in the tumor to improve the 
body’s immune activity [80]. CTLA-4 inhibitors 
mainly include Tremelimumab and Ipilimumab. 
Currently, the evaluation of the efficacy and safety of 
CTLA-4 inhibitors related to CCA is still in clinical 
trials. The Xie [81] used Tremelimumab combined 
with microwave ablation to treat refractory biliary 
tumors. The median PFS and OS of patients were 3.4 
months and 6.0 months, respectively, suggesting the 
potential of Tremelimumab in the treatment of 
advanced gallbladder cancer. 

With the development of relevant clinical trials 
in recent years, more and more clinical results have 
proved that the efficacy of immune checkpoint 
inhibitors is significant. Therefore, it is a good choice 
to add immune checkpoint inhibitors to the treatment 
of CCA. 

Tumor vaccine 
Tumor vaccines can activate the patient's own 

immune system, enhance immunogenicity, and 
induce specific cellular and humoral immune 
responses in the body using tumor cells or 
protoplasmic substances to stop tumor growth, 
infiltration and recurrence, resulting in tumor 
clearance or control. There are two cancer-related 
antigens used in vaccine therapy, namely Wilms’ 
tumor gene (WT1) antigen and mucin 1 (MUC1) [68], 
which is mainly a DNA-binding transcription factor 
and is present in 80% of biliary tract tumors. MUC-1 is 
an epithelial glycoprotein and is overexpressed in 
90% of biliary tract tumors. Currently, there are 
mainly single-antigen vaccines, multi-antigen 
vaccines and dendritic cell vaccines, and the latter two 
are the main research directions of tumor vaccines. 

Single-antigen vaccine: This single-peptide 
based vaccine therapy is usually well tolerated 
immunologically but exerts a more limited antitumor 
effect [82]. In a clinical trial of WT1 vaccine combined 
with Gemcitabine for advanced biliary tract and 
pancreatic cancer, enrolling 25 patients, 8 of whom 
had CCA, the combination therapy was associated 
with adverse events comparable to Gemcitabine 
alone. Cell culture experiment showed the presence of 
WT1-specific T cells in 59% of patients, a delayed 
hypersensitivity response after vaccination in 2 
patients, a median OS of 288 days in CCA patients, 
and a 2-month DCR of 89% [83]. The clinical efficacy 
and adverse effects, although not significantly 
different, demonstrated the safety of the combination 
therapy of WT1 vaccine and GEM. 
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Multi-antigen vaccine 
The effect of multiple tumor antigen peptide 

mixed vaccine is better than single peptide vaccine, 
and because long peptides can be recognized by 
MHC-Ⅰ and MHC-Ⅱ molecules at the same time, it can 
induce CD8+ T cell response and CD4+ T cell 
response. It can be seen that long peptides have more 
advantages than short peptides. The use of 
individualized peptide vaccines in combination with 
low-dose cyclophosphamide in patients can 
significantly prolong the progression-free survival 
and overall survival of patients compared with the 
use of vaccines alone. The difference is statistically 
significant (6.1 months vs 2.9 months, P = 0.008; 12.1 
months vs 5.9 months, P=0.004) [84]. Aruga et al.[85] 
reported a phase I clinical trial of peptide vaccination 
in patients with advanced BTC, the trial selected 9 
patients with advanced BTC and received 
subcutaneous injections of 3 HLA-A*2402 restricted 
epitope peptides-cell division associated 1 (CDCA1), 
cadherin 3 (CDH3) and kinesin family member 20A 
(KIF20A). Peptide-specific T cell immune responses 
were observed in all patients. In 9 patients, 5 patients 
were in stable disease (SD), and the median PFS and 
OS of the patients were 3.4 months and 9.7 months, 
respectively. It can be seen that peptide vaccines 
overcome the limitations of single peptide vaccines by 
immunizing patients against multiple antigens, 
thereby increasing the response rate of tumor cells to 
antigens [86]. 

Dendritic vaccine 
Dendritic cells (DC) are the most powerful and 

effective antigen-presenting cells, which induce the 
body to produce cytotoxic T cells and mediate specific 
anti-tumor cell immunity [87]. Similar to peptide 
vaccines, dendritic cell vaccines expose the immune 
system to antigens with the purpose of generating 
memory lymphocytes, thereby generating a powerful 
secondary immune response [88]. In a retrospective 
study [89], 65 patients with unresectable, recurring, or 
metastatic CCA were selected to receive DC-based 
immunotherapy, and WT1 and/or MUC1 pulses were 
used to stimulate DC. The results showed that the 
regimen was well tolerated, and 15% of patients were 
in stable condition after 6 months of treatment. A 
recent study found that Honokiol can enhance the 
immunogenicity of BTC cells, thereby increasing the 
effectiveness of DC vaccines [90]. The above research 
shows that DC vaccine combined with chemotherapy 
can prolong the survival time of patients more than 
DC vaccine alone. 

The effect of tumor vaccines on patients with 
CCA needs further research and verification. It is 
believed that tumor vaccines can become a 

consideration for adjuvant treatment of advanced 
CCA. 

Adoptive Cell Transfer therapy 
Adoptive cellular immunotherapy is the 

separation of autologous or foreign immune cells, and 
after in vitro activation or genetic modification, a 
sufficient amount of anti-tumor active immune cells is 
amplified and transferred back to tumor patients to 
amplify the cellular immune function in the patient's 
body and relieve Tumor immune tolerance to 
improve the anti-tumor effect of the treatment method 
[91]. There is a case report of a 30-year-old male with 
stage IV CCA with mediastinal LNM. After liver 
transplantation, the patient received allogeneic γδ T 
cell immunotherapy because of recurrence of CCA 
with mediastinal LNM. After that, the size and 
activity of the lymph nodes were significantly 
reduced, the immune function was improved, and no 
complications related to γδ T cell infusion were 
observed. This case shows that exogenous γδ T cell 
immunotherapy can be developed into a promising 
new method for the treatment of CCA [92]. A patient 
with metastatic CCA who progressed after multi-line 
chemotherapy participated in a phase II clinical trial 
of adoptive cell therapy. The trial first reinfused CD4 
+ ErbB2IP mutation-specific T cells, and then applied 
cytokine IL-2 to enhance T cell proliferation. After 7 
months, all tumor metastases shrank by 30%, and 
tumors reached partial remission. After 13 months of 
stable disease, only lung metastases progressed 
slightly, and liver metastases were stable [93], 
suggesting the use of auto-expanded T cells targeting 
specific tumor antigens in the patient’s BTC 
feasibility. 

Immunotherapy is an anti-tumor method that 
has gradually received attention in recent years. Due 
to the complexity of the tumor microenvironment of 
CCA, in addition to mesenchymal and endothelial 
cells, a large number of immune cells also play an 
important role. At the same time, there is also a 
natural and adaptive immune system. In the future, 
the research prospects of immunotherapy are also 
very broad and of great significance. This research 
will play a key role in the treatment of CCA, and will 
be more conducive to improving the survival rate of 
patients and improving the prognosis. 

TACE 
Transcatheter arterial chemoembolization 

(TACE) is one of the first-line treatment options for 
patients with unresectable ICCA. It uses prognostic 
factors to hierarchically screen patients with ICCA 
who are sensitive to TACE treatment, and can provide 
individualized treatment for them to improve the 
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treatment effect and survival benefits of patients. In 
clinical studies such as Li [94], 211 patients with ICCA 
who underwent R0 resection were included (68 
patients underwent adjuvant TACE after operation 
and 143 patients without adjuvant TACE). 
Multivariate analysis found that not receiving 
postoperative adjuvant TACE treatment was a high- 
risk factor affecting postoperative survival (HR=1.77, 
95% confidence interval 1.15 to 2.73, P = 0.010). In the 
multivariate analysis for postoperative recurrence, not 
receiving postoperative adjuvant TACE can reduce 
postoperative recurrence (HR=0.59, 95% confidence 
interval: 0.38 to 0.92, P = 0.020). At the same time, the 
recurrence rate of patients receiving TACE treatment 
in TNM Ⅰ phase is higher than that of patients without 
TACE treatment (18/35 vs. 15/63, P = 0.006). Research 
suggests that TACE can promote the formation of 
local vascular growth factors. Thereby promoting 
tumor metastasis, especially in patients with TNM 
stage I. For patients with TNM Ⅱ to Ⅲ stage, TACE 
can prolong the OS of the patient (P = 0.020), but it 
cannot reduce postoperative recurrence. Therefore, 
the study believes that TACE therapy may be 
beneficial for patients with late-stage tumors. A recent 
study from Ruijin Hospital on postoperative adjuvant 
TACE treatment of hepatitis B-related ICCA included 
a total of 9 postoperative adjuvant TACE cases and 33 
cases of only manual treatment [95]. There are 
significant differences in 1, 3, and 5-year survival rates 
between the postoperative TACE group and the 
TACE-free group, which are 88.9%, 77.8%, 66.7% vs. 
63. 6%, 30.8%, 13% (P = 0.037). At the same time, 
multivariate analysis also confirmed that 
postoperative adjuvant TACE can improve the 
long-term survival of patients after surgery (HR: 
0.123, 95% CI: 0.023 to 0.643, P = 0.013). 

In clinical practice, TACE has been used to treat 
ICCA [95], but it has limitations when used alone, it 
can be treated together with percutaneous thermal 
ablation. The possibility of percutaneous thermal 
ablation to achieve a complete ablation decreases as 
the size of the tumor increases. In the clinical study of 
WU et al., 53 patients were treated with a total of 83 
times of percutaneous thermal ablation and 
simultaneous TACE treatment. The effective rate was 
80.7%, and the median PFS and median OS were 7.2 
months and 20.9 months. The 1, 2, and 3-year 
cumulative survival rates were 72.6%, 39.1%, and 
24.3%. The cumulative PFS rates at 6, 12, and 18 
months were 58.3%, 40.4%, 24.2%. This study shows 
that percutaneous thermal ablation with simultaneous 
TACE treatment for advanced ICCA is safe and 
effective. 

Nowadays, TACE is a mature method for the 
treatment of liver and biliary tumors. The benefits of 

patients are also obvious to all, but the adverse 
reactions brought about by it need to be paid attention 
to in the treatment. 

Others 
Radio frequency ablation (RFA) uses high- 

frequency alternating current to release heat energy 
through electrode needles, which in turn leads to local 
tissue necrosis. RFA has become a recognized therapy 
for CCA due to its efficacy, safety and availability 
[96]. Meta-analysis showed [97] that patients who 
were treated with RFA before biliary stent 
implantation, compared with patients who did not 
receive RFA, the stent patency time and survival time 
were prolonged by 13 d and 37 d, respectively, 
highlighting the treatment of RFA combined with 
malignant biliary obstruction advantage. 
Percutaneous transhepatic puncture of biliary tract 
cavity RFA combined with biliary stent implantation 
is a safe and feasible treatment method for the 
treatment of malignant distal biliary obstruction [98]. 
Endoscopic bile duct radiofrequency ablation 
(EB-RFA) is also a new way to treat CCA. Kim et al. 
[99] conducted a retrospective study on 8 DCCA 
patients who received EB-RFA before surgery, and the 
results showed that the technique was safe and 
effective without serious complications. A previous 
report showed that survival was significantly better in 
patients with stage I ICCA (single tumor, no vascular 
invasion) who underwent radiofrequency ablation 
compared with no treatment [100]. However, 
percutaneous ablation therapy was performed as 
initial treatment for ICCA in only 3.6% according to 
the Report of the 20th Japanese national follow-up 
survey. In the SEER database from the United States, 
only 5.2% of ICCA patients received percutaneous 
ablation therapy alone. Therefore, percutaneous 
ablation therapy is limited to clinical practice. 
However, major limits are high local recurrence 
frequencies, mainly for lesions larger than 3 cm, and a 
potential incomplete ablation of lesion near large 
vessels (>3 mm in diameter) [101, 102]. 

Photodynamic therapy (PDT) is a kind of 
ablation therapy. The principle is that the 
photosensitizer injected into the body can specifically 
accumulate in malignant tumor cells. After these 
specifically labeled tumor cells are irradiated with a 
specific wavelength of laser light, a series of toxic 
substances such as singlet oxygen and free radicals 
are generated through photochemical reactions, 
thereby killing tumor cells. On the basis of PDT and 
supplemented drug treatment, patients can often 
avoid the pain of traditional surgery while obtaining 
good treatment results, thereby improving survival 
time. It has been used in the palliative treatment of 
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CCA for extrahepatic patients. PDT has the 
advantages of wide applicability, low side effects, low 
damage, simple and easy operation, and low 
postoperative recurrence rate. Wentrup R et al. [103] 
and Park DH et al. [104] respectively compared and 
studied the efficacy of PDT combined with 
Gemcitabine, PDT combined with TGO and PDT 
alone. Both studies have proved that PDT combined 
with chemotherapy can enhance efficacy, prolong 
patient survival, and reduce mortality. It can be seen 
that the application of PDT in patients with 
unresectable ECCA can alleviate the clinical 
symptoms of patients, reduce tumor volume, delay 
tumor growth, improve quality of life, and prolong 
the survival of patients. 

Compared with traditional surgery, microwave 
ablation (MWA) has many theoretical advantages, 
including less dependence on tissue conductivity, 
short ablation time, high intratumoral temperature, 
and a larger and uniform ablation zone [105]. There 
were no surgery-related deaths in ICCA patients 
treated with MWA, which was significantly lower 
than the reported perioperative mortality (1.2% ~ 7%). 
The incidence of major complications related to 
surgery is significantly lower than that after surgery, 

reportedly ranging from 11% to 58%. The survival 
time of ICCA patients is significantly improved 
compared with pure palliative treatment, and the 
survival rate after radical resection is equivalent [106]. 
These results suggest that MWA is less traumatic than 
surgical treatment and is safe and effective for ICCA. 

Conclusion 
CCA is a type of tumor with high molecular 

diversity and genetic heterogeneity, and has a high 
incidence in Asia. With the increase in the incidence of 
CCA year by year, people’s understanding and 
attention to it are increasing, but the ideal treatment is 
still surgical treatment. For advanced patients and 
patients with high-risk recurrence factors, high 
invasiveness, positive resection margins, or LNM, 
radiotherapy, chemotherapy, targeted therapy, 
immunotherapy, TACE and other treatment methods 
can benefit some patients (shown in Fig. 2). The 
combination of Gemcitabine and Cisplatin is still the 
current first-line chemotherapy regimen for patients 
with advanced CCA, and the combination of 
paclitaxel and other drugs with Gemcitabine is worth 
exploring. Radiotherapy is also considered to be a 
type of locally advanced unresectable CCA. Effective 

 

 
Figure 2. Treatments for cholangiocarcinoma. 
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local treatment methods are gradually being used 
clinically to verify his effects. With the development 
of next-generation gene sequencing technology and 
the discovery of some emerging targets, targeted 
therapy has gradually become a hot spot in the 
treatment of CCA. Different signal pathways are 
involved in many biological behaviors of tumor cells, 
so they play an important role in the diagnosis and 
treatment of CCA. Immunotherapy such as immune 
checkpoint inhibitors has also been the focus of 
treatment for CCA in recent years, and tumor 
vaccines also have certain benefits. TACE can provide 
patients with personalized treatment and improve the 
treatment effect, and its combination with other 
treatment options is also proven to be safe and 
effective. Nowadays, some ablation techniques such 
as radiofrequency ablation and photodynamic 
therapy are gradually confirming that they have 
certain effects in the treatment of CCA, inhibiting 
tumor growth, delaying the progression of the 
disease, and improving the prognosis of patients. In 
addition, advanced and unresectable CCA is 
insensitive to radiotherapy and chemotherapy due to 
heterogeneity and interstitial components. In short, 
targeted therapy and immunotherapy have many 
unknown areas that we need to explore, and they are 
also the focus of our attention. The exploration of 
immune checkpoint inhibitors in the treatment of 
CCA is in the ascendant. The current second-line 
treatment for advanced biliary cancer is the 
combination of immune checkpoint inhibitors and 
molecular targeted drugs, the combination of immune 
checkpoint inhibitors, and the combination of 
immune checkpoint inhibitors and other treatments, 

the combined application is also being studied in 
depth, and the results are worth looking forward to. 
Perhaps this is the future hope for the treatment of 
CCA. However, the existing diagnostic methods are 
still lacking in the early diagnosis of CCA, and 
because of the differences in molecular pathology and 
gene mutations between tumors at different 
anatomical sites, and the effects of different treatment 
plans are also quite different (shown in Fig. 3). 
Understanding the subtypes and mutant genes of 
CCA is of great significance for the precise treatment 
of CCA. In the future, with the development of 
multiple disciplines such as genetic engineering, 
molecular biology, and tumor immunology, more 
effective biomarkers will be discovered, and clinical 
trials that actively investigate immunotherapy and the 
efficacy of combination with radiotherapy and 
chemotherapy, targeted therapy and many more. 
Development is of great significance for the 
establishment of a new and effective treatment model 
for patients with CCA. 

Acknowledgements 
Funding 

This work was financially supported by the 
following funds: Youth Talent of Hunan 
(2020RC3066); Hunan Natural Science Fund for 
Excellent Young Scholars (2021JJ20003); Hunan 
Provincial Natural Science Foundation of China 
(2020JJ5610); China Postdoctoral Science Foundation 
(2020M68115/2021T140197); Hunan Provincial 
Development and Reform Commission Project 
(2019FGW26); Clinical Medical Technology 

 

 
Figure 3. Treatment planning process for cholangiocarcinoma. 



 Journal of Cancer 2022, Vol. 13 

 
https://www.jcancer.org 

462 

Innovation Guidance Project of Hunan Provincial 
Science and Technology Department (2020SK50918/ 
2020SK50915/2020SK0914); Project of Hunan 
Provincial Health Commission (202104010997); 
Education fund item of Hunan Province (20B380); 
Chen Xiao-Ping Foundation for Development of 
Science and Technology of Hubei Province 
(CXPJJH12000001-2020322). 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Kendall T, Verheij J, Gaudio E, Evert M, Guido M, Goeppert B, et al. 

Anatomical, histomorphological and molecular classification of 
cholangiocarcinoma. Liver Int. 2019; 39 Suppl 1. 

2. Krasinskas AM. Cholangiocarcinoma. Surg Pathol Clin. 2018; 11: 403-29. 
3. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management of 

cholangiocarcinoma. Gastroenterology. 2013; 145: 1215-29. 
4. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, 

et al. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a 
bridge from a population-based to a more "personalized" approach to cancer 
staging. CA Cancer J Clin. 2017; 67: 93-9. 

5. Razumilava N, Gores GJ. Combination of gemcitabine and cisplatin for biliary 
tract cancer: a platform to build on. J Hepatol. 2011; 54: 577-8. 

6. Saha SK, Zhu AX, Fuchs CS, Brooks GA. Forty-Year Trends in 
Cholangiocarcinoma Incidence in the U.S.: Intrahepatic Disease on the Rise. 
Oncologist. 2016; 21: 594-9. 

7. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet. 2014; 383: 2168-79. 
8. Liu S, Zhong Z, Xiao M, Song Y, Zhu Y, Hu B, et al. Mixed 

adenoneuroendocrine carcinoma of the hepatic bile duct: a case report and 
review of the literature. BMC Gastroenterol. 2020; 20: 399. 

9. Zhang H, Yang T, Wu M, Shen F. Intrahepatic cholangiocarcinoma: 
Epidemiology, risk factors, diagnosis and surgical management. Cancer Lett. 
2016; 379: 198-205. 

10. Lendoire JC, Gil L, Imventarza O. Intrahepatic cholangiocarcinoma surgery: 
the impact of lymphadenectomy. Chin Clin Oncol. 2018; 7: 53. 

11. Endo I, Gonen M, Yopp AC, Dalal KM, Zhou Q, Klimstra D, et al. Intrahepatic 
cholangiocarcinoma: rising frequency, improved survival, and determinants 
of outcome after resection. Ann Surg. 2008; 248: 84-96. 

12. Si A, Li J, Yang Z, Xia Y, Yang T, Lei Z, et al. Impact of Anatomical Versus 
Non-anatomical Liver Resection on Short- and Long-Term Outcomes for 
Patients with Intrahepatic Cholangiocarcinoma. Ann Surg Oncol. 2019; 26: 
1841-50. 

13. Weber SM, Ribero D, O'Reilly EM, Kokudo N, Miyazaki M, Pawlik TM. 
Intrahepatic cholangiocarcinoma: expert consensus statement. HPB (Oxford). 
2015; 17: 669-80. 

14. Zhang X-F, Lv Y, Weiss M, Popescu I, Marques HP, Aldrighetti L, et al. Should 
Utilization of Lymphadenectomy Vary According to Morphologic Subtype of 
Intrahepatic Cholangiocarcinoma? Ann Surg Oncol. 2019; 26: 2242-50. 

15. Hu J, Chen F-Y, Zhou K-Q, Zhou C, Cao Y, Sun H-C, et al. Intrahepatic 
cholangiocarcinoma patients without indications of lymph node metastasis 
not benefit from lymph node dissection. Oncotarget. 2017; 8: 113817-27. 

16. Bagante F, Spolverato G, Weiss M, Alexandrescu S, Marques HP, Aldrighetti 
L, et al. Surgical Management of Intrahepatic Cholangiocarcinoma in Patients 
with Cirrhosis: Impact of Lymphadenectomy on Peri-Operative Outcomes. 
World J Surg. 2018; 42: 2551-60. 

17. Sapisochin G, Facciuto M, Rubbia-Brandt L, Marti J, Mehta N, Yao FY, et al. 
Liver transplantation for "very early" intrahepatic cholangiocarcinoma: 
International retrospective study supporting a prospective assessment. 
Hepatology. 2016; 64: 1178-88. 

18. Sakamoto Y, Kokudo N, Matsuyama Y, Sakamoto M, Izumi N, Kadoya M, et 
al. Proposal of a new staging system for intrahepatic cholangiocarcinoma: 
Analysis of surgical patients from a nationwide survey of the Liver Cancer 
Study Group of Japan. Cancer. 2016; 122: 61-70. 

19. Rizvi S, Khan SA, Hallemeier CL, Kelley RK, Gores GJ. Cholangiocarcinoma - 
evolving concepts and therapeutic strategies. Nat Rev Clin Oncol. 2018; 15. 

20. Nagino M. Surgical Treatment of Perihilar Cholangiocarcinoma: Resection or 
Transplant? Ann Surg. 2018; 267: 806-7. 

21. Chen KJ, Yang FC, Qin YS, Jin J, Zheng SS. Assessment of clinical outcomes of 
advanced hilar cholangiocarcinoma. Hepatobiliary Pancreat Dis Int. 2018; 17: 
155-62. 

22. Cillo U, Fondevila C, Donadon M, Gringeri E, Mocchegiani F, Schlitt HJ, et al. 
Surgery for cholangiocarcinoma. Liver Int. 2019; 39 Suppl 1: 143-55. 

23. Rosen CB, Heimbach JK, Gores GJ. Liver transplantation for 
cholangiocarcinoma. Transpl Int. 2010; 23: 692-7. 

24. Benson AB, D'Angelica MI, Abbott DE, Anaya DA, Anders R, Are C, et al. 
Hepatobiliary Cancers, Version 2.2021, NCCN Clinical Practice Guidelines in 
Oncology. J Natl Compr Canc Netw. 2021; 19: 541-65. 

25. Roos E, Strijker M, Franken LC, Busch OR, van Hooft JE, Klumpen HJ, et al. 
Comparison of short- and long-term outcomes between anatomical subtypes 
of resected biliary tract cancer in a Western high-volume center. HPB (Oxford). 
2020; 22: 405-14. 

26. Sallinen V, Siren J, Makisalo H, Lehtimaki TE, Lantto E, Kokkola A, et al. 
Differences in Prognostic Factors and Recurrence Patterns After 
Curative-Intent Resection of Perihilar and Distal Cholangiocarcinomas. Scand 
J Surg. 2020; 109: 219-27. 

27. Zhou W, Qian L, Rong Y, Zhou Q, Shan J, Li P, et al. Prognostic factors and 
patterns of recurrence after curative resection for patients with distal 
cholangiocarcinoma. Radiother Oncol. 2020; 147: 111-7. 

28. Morizane C, Okusaka T, Mizusawa J, Katayama H, Ueno M, Ikeda M, et al. 
Combination gemcitabine plus S-1 versus gemcitabine plus cisplatin for 
advanced/recurrent biliary tract cancer: the FUGA-BT (JCOG1113) 
randomized phase III clinical trial. Ann Oncol. 2019; 30: 1950-8. 

29. Dierks J, Gaspersz MP, Belkouz A, van Vugt JLA, Coelen RJS, de Groot JWB, et 
al. Translating the ABC-02 trial into daily practice: outcome of palliative 
treatment in patients with unresectable biliary tract cancer treated with 
gemcitabine and cisplatin. Acta Oncol. 2018; 57: 807-12. 

30. Yanagimoto H, Toyokawa H, Sakai D, Wada H, Satoi S, Yamamoto T, et al. A 
phase I study for adjuvant chemotherapy of gemcitabine plus S-1 in patients 
with biliary tract cancer undergoing curative resection without major 
hepatectomy (KHBO1202). Cancer Chemother Pharmacol. 2018; 81: 461-8. 

31. Ebata T, Hirano S, Konishi M, Uesaka K, Tsuchiya Y, Ohtsuka M, et al. 
Randomized clinical trial of adjuvant gemcitabine chemotherapy versus 
observation in resected bile duct cancer. Br J Surg. 2018; 105: 192-202. 

32. Edeline J, Benabdelghani M, Bertaut A, Watelet J, Hammel P, Joly J-P, et al. 
Gemcitabine and Oxaliplatin Chemotherapy or Surveillance in Resected 
Biliary Tract Cancer (PRODIGE 12-ACCORD 18-UNICANCER GI): A 
Randomized Phase III Study. J Clin Oncol. 2019; 37: 658-67. 

33. Primrose JN, Fox RP, Palmer DH, Malik HZ, Prasad R, Mirza D, et al. 
Capecitabine compared with observation in resected biliary tract cancer 
(BILCAP): a randomised, controlled, multicentre, phase 3 study. Lancet Oncol. 
2019; 20: 663-73. 

34. Sahai V, Catalano PJ, Zalupski MM, Lubner SJ, Menge MR, Nimeiri HS, et al. 
Nab-Paclitaxel and Gemcitabine as First-line Treatment of Advanced or 
Metastatic Cholangiocarcinoma: A Phase 2 Clinical Trial. JAMA Oncol. 2018; 
4: 1707-12. 

35. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, Arora A, et al. Second-line 
FOLFOX chemotherapy versus active symptom control for advanced biliary 
tract cancer (ABC-06): a phase 3, open-label, randomised, controlled trial. 
Lancet Oncol. 2021; 22: 690-701. 

36. Luvira V, Satitkarnmanee E, Pugkhem A, Kietpeerakool C, Lumbiganon P, 
Pattanittum P. Postoperative adjuvant chemotherapy for resectable 
cholangiocarcinoma. Cochrane Database Syst Rev. 2021; 9: CD012814. 

37. Belkouz A, Nooijen LE, Riady H, Franken LC, van Oijen MGH, Punt CJA, et al. 
Efficacy and safety of systemic induction therapy in initially unresectable 
locally advanced intrahepatic and perihilar cholangiocarcinoma: A systematic 
review. Cancer Treat Rev. 2020; 91: 102110. 

38. Sasaki T, Takeda T, Okamoto T, Ozaka M, Sasahira N. Chemotherapy for 
Biliary Tract Cancer in 2021. J Clin Med. 2021; 10. 

39. Shinohara ET, Mitra N, Guo M, Metz JM. Radiation therapy is associated with 
improved survival in the adjuvant and definitive treatment of intrahepatic 
cholangiocarcinoma. Int J Radiat Oncol Biol Phys. 2008; 72: 1495-501. 

40. Bonet Beltrán M, Allal AS, Gich I, Solé JM, Carrió I. Is adjuvant radiotherapy 
needed after curative resection of extrahepatic biliary tract cancers? A 
systematic review with a meta-analysis of observational studies. Cancer Treat 
Rev. 2012; 38: 111-9. 

41. Gkika E, Hawkins MA, Grosu A-L, Brunner TB. The Evolving Role of 
Radiation Therapy in the Treatment of Biliary Tract Cancer. Front Oncol. 2020; 
10: 604387. 

42. Mahadevan A, Dagoglu N, Mancias J, Raven K, Khwaja K, Tseng JF, et al. 
Stereotactic Body Radiotherapy (SBRT) for Intrahepatic and Hilar 
Cholangiocarcinoma. J Cancer. 2015; 6: 1099-104. 

43. Frakulli R, Buwenge M, Macchia G, Cammelli S, Deodato F, Cilla S, et al. 
Stereotactic body radiation therapy in cholangiocarcinoma: a systematic 
review. Br J Radiol. 2019; 92: 20180688. 

44. Sota Y, Einama T, Kobayashibayashi K, Fujinuma I, Tsunenari T, Takihata Y, et 
al. Recurrent cholangiocarcinoma with long-term survival by multimodal 
treatment: A case report. Mol Clin Oncol. 2021; 14: 72. 

45. Sahai P, Kumar S. External radiotherapy and brachytherapy in the 
management of extrahepatic and intrahepatic cholangiocarcinoma: available 
evidence. Br J Radiol. 2017; 90: 20170061. 

46. Leng KM, Liu YP, Wang ZD, Zhong XY, Liao GQ, Kang PC, et al. Results of 
adjuvant radiation therapy for locoregional perihilar cholangiocarcinoma after 
curative intent resection. Onco Targets Ther. 2017; 10: 2257-66. 

47. Koedijk MS, Heijmen BJM, Groot Koerkamp B, Eskens F, Sprengers D, Poley 
JW, et al. Protocol for the STRONG trial: stereotactic body radiation therapy 
following chemotherapy for unresectable perihilar cholangiocarcinoma, a 
phase I feasibility study. BMJ Open. 2018; 8: e020731. 

48. Kamarajah SK, Bednar F, Cho CS, Nathan H. Survival benefit with adjuvant 
radiotherapy after resection of distal cholangiocarcinoma: A 



 Journal of Cancer 2022, Vol. 13 

 
https://www.jcancer.org 

463 

propensity-matched National Cancer Database analysis. Cancer. 2021; 127: 
1266-74. 

49. Valle JW, Lamarca A, Goyal L, Barriuso J, Zhu AX. New Horizons for 
Precision Medicine in Biliary Tract Cancers. Cancer Discov. 2017; 7: 943-62. 

50. Katoh M. Fibroblast growth factor receptors as treatment targets in clinical 
oncology. Nat Rev Clin Oncol. 2019; 16: 105-22. 

51. Sia D, Losic B, Moeini A, Cabellos L, Hao K, Revill K, et al. Massive parallel 
sequencing uncovers actionable FGFR2-PPHLN1 fusion and ARAF mutations 
in intrahepatic cholangiocarcinoma. Nat Commun. 2015; 6: 6087. 

52. Maruki Y, Morizane C, Arai Y, Ikeda M, Ueno M, Ioka T, et al. Molecular 
detection and clinicopathological characteristics of advanced/recurrent biliary 
tract carcinomas harboring the FGFR2 rearrangements: a prospective 
observational study (PRELUDE Study). J Gastroenterol. 2021; 56: 250-60. 

53. Abou-Alfa GK, Sahai V, Hollebecque A, Vaccaro G, Melisi D, Al-Rajabi R, et al. 
Pemigatinib for previously treated, locally advanced or metastatic 
cholangiocarcinoma: a multicentre, open-label, phase 2 study. Lancet Oncol. 
2020; 21: 671-84. 

54. Lamarca A, Barriuso J, McNamara MG, Valle JW. Molecular targeted 
therapies: Ready for "prime time" in biliary tract cancer. J Hepatol. 2020; 73: 
170-85. 

55. Walter D, Hartmann S, Waidmann O. Update on cholangiocarcinoma: 
potential impact of genomic studies on clinical management. Z Gastroenterol. 
2017; 55: 575-81. 

56. Pellat A, Vaquero J, Fouassier L. Role of ErbB/HER family of receptor tyrosine 
kinases in cholangiocyte biology. Hepatology. 2018; 67: 762-73. 

57. Yoo KH, Kim NKD, Kwon WI, Lee C, Kim SY, Jang J, et al. Genomic 
Alterations in Biliary Tract Cancer Using Targeted Sequencing. Transl Oncol. 
2016; 9: 173-8. 

58. Rizzo A, Frega G, Ricci AD, Palloni A, Abbati F, De Lorenzo S, et al. 
Anti-EGFR Monoclonal Antibodies in Advanced Biliary Tract Cancer: A 
Systematic Review and Meta-analysis. In vivo. 2020; 34: 479-88. 

59. Jang SI, Fang S, Baek Y-Y, Lee DH, Na K, Lee SY, et al. Local Delivery of 
Gemcitabine Inhibits Pancreatic and Cholangiocarcinoma Tumor Growth by 
Promoting Epidermal Growth Factor Receptor Degradation. Int J Mol Sci. 
2020; 21. 

60. Churi CR, Shroff R, Wang Y, Rashid A, Kang HC, Weatherly J, et al. Mutation 
profiling in cholangiocarcinoma: prognostic and therapeutic implications. 
PLoS One. 2014; 9: e115383. 

61. Kim JW, Lee K-H, Kim J-W, Suh KJ, Nam A-R, Bang J-H, et al. Enhanced 
antitumor effect of binimetinib in combination with capecitabine for biliary 
tract cancer patients with mutations in the RAS/RAF/MEK/ERK pathway: 
phase Ib study. Br J Cancer. 2019; 121: 332-9. 

62. Chong DQ, Zhu AX. The landscape of targeted therapies for 
cholangiocarcinoma: current status and emerging targets. Oncotarget. 2016; 7: 
46750-67. 

63. Chang Y-T, Chang M-C, Huang K-W, Tung C-C, Hsu C, Wong J-M. 
Clinicopathological and prognostic significances of EGFR, KRAS and BRAF 
mutations in biliary tract carcinomas in Taiwan. J Gastroenterol Hepatol. 2014; 
29: 1119-25. 

64. Chen C, Jiang J, Fang M, Zhou L, Chen Y, Zhou J, et al. MicroRNA-129-2-3p 
directly targets Wip1 to suppress the proliferation and invasion of intrahepatic 
cholangiocarcinoma. J Cancer. 2020; 11: 3216-24. 

65. Liu S, Jiang B, Li H, He Z, Lv P, Peng C, et al. Wip1 is associated with 
tumorigenity and metastasis through MMP-2 in human intrahepatic 
cholangiocarcinoma. Oncotarget. 2017; 8: 56672-83. 

66. Liu S, Jiang J, Huang L, Jiang Y, Yu N, Liu X, et al. iNOS is associated with 
tumorigenicity as an independent prognosticator in human intrahepatic 
cholangiocarcinoma. Cancer Manag Res. 2019; 11: 8005-22. 

67. Zhang HD, Liang HG, Tang P, Yu ZT. [Research progress and challenges of 
neoadjuvant therapy for esophageal squamous cell carcinoma]. Zhonghua 
Wei Chang Wai Ke Za Zhi. 2021; 24: 836-42. 

68. Rimassa L, Personeni N, Aghemo A, Lleo A. The immune milieu of 
cholangiocarcinoma: From molecular pathogenesis to precision medicine. J 
Autoimmun. 2019; 100: 17-26. 

69. Xu F, Jin T, Zhu Y, Dai C. Immune checkpoint therapy in liver cancer. J Exp 
Clin Cancer Res. 2018; 37: 110. 

70. Topalian SL, Taube JM, Pardoll DM. Neoadjuvant checkpoint blockade for 
cancer immunotherapy. Science. 2020; 367. 

71. Zhu AX, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer D, et al. 
Pembrolizumab in patients with advanced hepatocellular carcinoma 
previously treated with sorafenib (KEYNOTE-224): a non-randomised, 
open-label phase 2 trial. Lancet Oncol. 2018; 19: 940-52. 

72. Alshari OM, Dawaymeh TA, Tashtush NA, Aleshawi AJ, Al Manasra ARA, 
Obeidat KA. Completely resolved advanced biliary tract cancer after 
treatment by pembrolizumab: a report of two cases. Onco Targets Ther. 2019; 
12: 5293-8. 

73. Mou H, Yu L, Liao Q, Hou X, Wu Y, Cui Q, et al. Successful response to the 
combination of immunotherapy and chemotherapy in cholangiocarcinoma 
with high tumour mutational burden and PD-L1 expression: a case report. 
BMC Cancer. 2018; 18: 1105. 

74. Maleki Vareki S, Garrigós C, Duran I. Biomarkers of response to PD-1/PD-L1 
inhibition. Crit Rev Oncol Hematol. 2017; 116: 116-24. 

75. Le DT, Durham JN, Smith KN, Wang H, Bartlett BR, Aulakh LK, et al. 
Mismatch repair deficiency predicts response of solid tumors to PD-1 
blockade. Science. 2017; 357: 409-13. 

76. Silva VWK, Askan G, Daniel TD, Lowery M, Klimstra DS, Abou-Alfa GK, et al. 
Biliary carcinomas: pathology and the role of DNA mismatch repair 
deficiency. Chin Clin Oncol. 2016; 5: 62. 

77. Dudley JC, Lin M-T, Le DT, Eshleman JR. Microsatellite Instability as a 
Biomarker for PD-1 Blockade. Clin Cancer Res. 2016; 22: 813-20. 

78. Gou M, Zhang Y, Si H, Dai G. Efficacy and safety of nivolumab for metastatic 
biliary tract cancer. Onco Targets Ther. 2019; 12: 861-7. 

79. Ramagopal UA, Liu W, Garrett-Thomson SC, Bonanno JB, Yan Q, Srinivasan 
M, et al. Structural basis for cancer immunotherapy by the first-in-class 
checkpoint inhibitor ipilimumab. Proc Natl Acad Sci U S A. 2017; 114: 
E4223-E32. 

80. Zhang P, Xiong X, Rolfo C, Du X, Zhang Y, Yang H, et al. Mechanism- and 
Immune Landscape-Based Ranking of Therapeutic Responsiveness of 22 
Major Human Cancers to Next Generation Anti-CTLA-4 Antibodies. Cancers 
(Basel). 2020; 12. 

81. Xie C, Duffy AG, Mabry-Hrones D, Wood B, Levy E, Krishnasamy V, et al. 
Tremelimumab in Combination With Microwave Ablation in Patients With 
Refractory Biliary Tract Cancer. Hepatology. 2019; 69: 2048-60. 

82. Ohno S, Okuyama R, Aruga A, Sugiyama H, Yamamoto M. Phase I trial of 
Wilms' Tumor 1 (WT1) peptide vaccine with GM-CSF or CpG in patients with 
solid malignancy. Anticancer Res. 2012; 32: 2263-9. 

83. Kaida M, Morita-Hoshi Y, Soeda A, Wakeda T, Yamaki Y, Kojima Y, et al. 
Phase 1 trial of Wilms tumor 1 (WT1) peptide vaccine and gemcitabine 
combination therapy in patients with advanced pancreatic or biliary tract 
cancer. J Immunother. 2011; 34: 92-9. 

84. Shirahama T, Muroya D, Matsueda S, Yamada A, Shichijo S, Naito M, et al. A 
randomized phase II trial of personalized peptide vaccine with low dose 
cyclophosphamide in biliary tract cancer. Cancer Sci. 2017; 108: 838-45. 

85. Aruga A, Takeshita N, Kotera Y, Okuyama R, Matsushita N, Ohta T, et al. 
Phase I clinical trial of multiple-peptide vaccination for patients with 
advanced biliary tract cancer. J Transl Med. 2014; 12: 61. 

86. Chen F, Zou Z, Du J, Su S, Shao J, Meng F, et al. Neoantigen identification 
strategies enable personalized immunotherapy in refractory solid tumors. J 
Clin Invest. 2019; 129: 2056-70. 

87. van Willigen WW, Bloemendal M, Gerritsen WR, Schreibelt G, de Vries IJM, 
Bol KF. Dendritic Cell Cancer Therapy: Vaccinating the Right Patient at the 
Right Time. Front Immunol. 2018; 9: 2265. 

88. Marks EI, Yee NS. Immunotherapeutic approaches in biliary tract carcinoma: 
Current status and emerging strategies. World J Gastrointest Oncol. 2015; 7: 
338-46. 

89. Kobayashi M, Sakabe T, Abe H, Tanii M, Takahashi H, Chiba A, et al. 
Dendritic cell-based immunotherapy targeting synthesized peptides for 
advanced biliary tract cancer. J Gastrointest Surg. 2013; 17: 1609-17. 

90. Jiraviriyakul A, Songjang W, Kaewthet P, Tanawatkitichai P, Bayan P, 
Pongcharoen S. Honokiol-enhanced cytotoxic T lymphocyte activity against 
cholangiocarcinoma cells mediated by dendritic cells pulsed with 
damage-associated molecular patterns. World J Gastroenterol. 2019; 25: 
3941-55. 

91. Zhang R, Zhang Z, Liu Z, Wei D, Wu X, Bian H, et al. Adoptive cell transfer 
therapy for hepatocellular carcinoma. Front Med. 2019; 13. 

92. Alnaggar M, Xu Y, Li J, He J, Chen J, Li M, et al. Allogenic Vγ9Vδ2 T cell as 
new potential immunotherapy drug for solid tumor: a case study for 
cholangiocarcinoma. J Immunother Cancer. 2019; 7: 36. 

93. Tran E, Turcotte S, Gros A, Robbins PF, Lu Y-C, Dudley ME, et al. Cancer 
immunotherapy based on mutation-specific CD4+ T cells in a patient with 
epithelial cancer. Science. 2014; 344: 641-5. 

94. Li T, Qin L-X, Zhou J, Sun H-C, Qiu S-J, Ye Q-H, et al. Staging, prognostic 
factors and adjuvant therapy of intrahepatic cholangiocarcinoma after curative 
resection. Liver Int. 2014; 34: 953-60. 

95. Jeong S, Zheng B, Wang J, Chi J, Tong Y, Xia L, et al. Transarterial 
Chemoembolization: A Favorable Postoperative Management to Improve 
Prognosis of Hepatitis B Virus-associated Intrahepatic Cholangiocarcinoma 
after Surgical Resection. Int J Biol Sci. 2017; 13: 1234-41. 

96. Van Cutsem E, Cervantes A, Adam R, Sobrero A, Van Krieken JH, Aderka D, 
et al. ESMO consensus guidelines for the management of patients with 
metastatic colorectal cancer. Ann Oncol. 2016; 27: 1386-422. 

97. Sofi AA, Khan MA, Das A, Sachdev M, Khuder S, Nawras A, et al. 
Radiofrequency ablation combined with biliary stent placement versus stent 
placement alone for malignant biliary strictures: a systematic review and 
meta-analysis. Gastrointest Endosc. 2018; 87. 

98. Wu T-T, Li W-M, Li H-C, Ao G-K, Zheng F, Lin H. Percutaneous Intraductal 
Radiofrequency Ablation for Extrahepatic Distal Cholangiocarcinoma: A 
Method for Prolonging Stent Patency and Achieving Better Functional Status 
and Quality of Life. Cardiovasc Intervent Radiol. 2017; 40: 260-9. 

99. Kim EJ, Chung DH, Kim YJ, Kim YS, Park YH, Kim KK, et al. Endobiliary 
radiofrequency ablation for distal extrahepatic cholangiocarcinoma: A 
clinicopathological study. PLoS One. 2018; 13: e0206694. 

100. Kolarich AR, Shah JL, George TJ, Hughes SJ, Shaw CM, Geller BS, et al. 
Non-surgical management of patients with intrahepatic cholangiocarcinoma 
in the United States, 2004-2015: an NCDB analysis. J Gastrointest Oncol. 2018; 
9: 536-45. 

101. Izzo F, Granata V, Grassi R, Fusco R, Palaia R, Delrio P, et al. Radiofrequency 
Ablation and Microwave Ablation in Liver Tumors: An Update. Oncologist. 
2019; 24. 



 Journal of Cancer 2022, Vol. 13 

 
https://www.jcancer.org 

464 

102. van Duijnhoven FH, Jansen MC, Junggeburt JMC, van Hillegersberg R, Rijken 
AM, van Coevorden F, et al. Factors influencing the local failure rate of 
radiofrequency ablation of colorectal liver metastases. Ann Surg Oncol. 2006; 
13: 651-8. 

103. Wentrup R, Winkelmann N, Mitroshkin A, Prager M, Voderholzer W, 
Schachschal G, et al. Photodynamic Therapy Plus Chemotherapy Compared 
with Photodynamic Therapy Alone in Hilar Nonresectable 
Cholangiocarcinoma. Gut Liver. 2016; 10: 470-5. 

104. Park DH, Lee SS, Park SE, Lee JL, Choi JH, Choi HJ, et al. Randomised phase II 
trial of photodynamic therapy plus oral fluoropyrimidine, S-1, versus 
photodynamic therapy alone for unresectable hilar cholangiocarcinoma. Eur J 
Cancer. 2014; 50: 1259-68. 

105. Yu J, Liang P, Yu X, Liu F, Chen L, Wang Y. A comparison of microwave 
ablation and bipolar radiofrequency ablation both with an internally cooled 
probe: results in ex vivo and in vivo porcine livers. Eur J Radiol. 2011; 79: 124-30. 

106. Jutric Z, Johnston WC, Hoen HM, Newell PH, Cassera MA, Hammill CW, et 
al. Impact of lymph node status in patients with intrahepatic 
cholangiocarcinoma treated by major hepatectomy: a review of the National 
Cancer Database. HPB (Oxford). 2016; 18: 79-87. 


