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1  | INTRODUC TION

Biliary tract cancers (BTCs) include intrahepatic cholangiocarcinoma, 
extrahepatic cholangiocarcinoma, and gallbladder carcinoma. BTC 
occurs in the epithelial cellular lining of the bile duct and may ap-
pear at specific anatomical regions (intrahepatic, extrahepatic, and 
gallbladder). Although BTC is predominant in East and South Asian 
countries and in certain regions of South America, the worldwide 

prevalence of BTC is increasing rapidly.1,2 Studies show that BTC is 
not a single distinct disorder, but consists of several diseases with 
specific demographics, molecular features, and treatment options.

Intrahepatic cholangiocarcinoma is the second-most typical 
major hepatic malignancy, with an increasing global incidence, espe-
cially in the European hemisphere; this is perhaps because of the ele-
vated percentage of overweight individuals and incidence of hepatitis 
C infection.3-9 In Asia, intrahepatic cholangiocarcinoma is principally 
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Abstract
Biliary tract cancer (BTC) is clinically and pathologically heterogeneous and responds 
inadequately to treatment. A small section of patients develop resectable disease, 
although the relapse rates are high; the benefits of adjuvant capecitabine chemo-
therapy for BTC are now understood, and gemcitabine-based combination chemo-
therapy is the first line of therapeutic strategy for BTC; however, alternative therapy 
for BTC is not known. Genomic profiling can provide detailed information regarding 
the carcinogenesis, identification, and therapy for BTC. Currently, confirmed restora-
tive targets for BTC are lacking. In this review, we aimed to analyze the preclinical and 
clinical implications of a spectrum of genomic alterations associated with new poten-
tially remedial targets. We focused on eight draggable genes for BTC, which were 
described as having evidence of therapeutic impact (evidence level 2A-3B) based 
on the clinical practice guidance for next-generation sequencing in cancer diagno-
sis and treatment; these include ERBB2, NTRK1, RNF43, CDK6, CDKN2B, FGFR2, 
IDH1, and IDH2. Moreover, some of the BTC present microsatellite instability, hy-
permutation, and germline variants, which we also reviewed. Finally, we discussed 
the therapeutic options based on the next-generation sequencing findings in BTC. 
Studies have demonstrated that BTC includes subgroups with individually distinct 
driver mutations, most of which will be targeted with new treatment plans.
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associated with parasitic infections.3-9 The majority of extrahepatic 
cholangiocarcinoma occurs within the hepatic duct bifurcation; in 
30% of cases, the disease develops within the distal common bile 
duct and occurs with pain-free jaundice.7 Gallbladder carcinoma is 
undoubtedly an unusual disease linked to cholecystitis, cholelithi-
asis, and obesity.7 Although surgical resection is the most accepted 
treatment method for treating these tumors, the tumors are inoper-
able for a significant proportion of patients.7,10-12 For patients with 
unresectable advanced/recurrent BTC, gemcitabine-based combi-
nation chemotherapy is the first line of therapeutic strategy, such 
as gemcitabine plus cisplatin,13,14 gemcitabine plus S-1,15 and gem-
citabine/cisplatin/S-1 combination chemotherapy.16,17 The efficacy 
of gemcitabine-based combination chemotherapy on survival is en-
couraging; the median overall survival following these therapies has 
been reported to range from 11.2 to 16.2 months.13-17 On the other 
hand, no scientific molecular markers for earlier medical diagnosis 
have been identified, and effective specific molecular therapies 
are unavailable; consequently, the 5-year survival rate is extremely 
minimal (10% for cholangiocarcinoma and <5% for gallbladder car-
cinoma).4,9,18 Hence, understanding the molecular features of this 
disease might assist in developing targeted therapeutics.19,20

Patients with tumors developing in the vicinity of bile ducts 
present with biliary obstruction because of regional infiltration in 
the biliary tract. A small section of patients can probably be identi-
fied to have very early disease, which can be resected surgically. For 
patients clinically determined to have advanced disease frequently 
showing nonspecific and non-biliary obstructive symptoms, treat-
ment plans are non-curative and predominantly based on chemo-
therapy. Despite this unmet healthcare requirement, the genomic 
and transcriptomic landscape of this tumor type remains inade-
quately identified, primarily regarding the distinction of its three 
anatomical subtypes. Herein, we reviewed the genetic alterations 
in BTC, focusing on intrahepatic cholangiocarcinoma, extrahepatic 
cholangiocarcinoma, and gallbladder carcinoma, with the aim of in-
vestigating potential therapeutic possibilities.

2  | GENETIC ALTER ATIONS IN BILIARY 
TR AC T C ANCER

Advancements in molecular biology have resulted in the recognition 
of numerous gene irregularities. Gene panel testing and the efficient 
use of genomic mutation analysis via next-generation sequencing 
(NGS) or related approaches competent at synchronized recognition 
of multiple genomic mutations are utilized for elucidating cancer-as-
sociated genomic mutation(s) in specific individuals and for design-
ing the most suitable customized treatment. An average test panel 
addresses gene history, which is considered to be beneficial for fore-
casting responses to medication and prognosis, resulting in conclu-
sive medical diagnosis. These panels can concurrently display a large 
number of transcripts and offer an array of information that uncov-
ers genomic variations, which include gene mutations, deletions, in-
sertions, gene fusions, and duplications. In addition, the extent to 

which information is integrated in gene panel tests is controlled by 
the innovations in diagnostic and treatment strategies.21

In 2017, Valle et al22 reported the molecular genetics of BTC, and, 
in 2018, Sunami et al21 reported the clinical practice guidance for 
NGS for cancer diagnosis and treatment. Eight of the genes altered 
in BTCs reported by Valle et al22 were described as having evidence 
of therapeutic impact (evidence level 2A-3B) in “biliary cancer” or 
“solid tumor” based on the clinical practice guidance for NGS in can-
cer diagnosis and treatment21; these include ERBB2 amplification 
(evidence level 2A), NTRK1 fusion (evidence level 2A), RNF43 muta-
tion (evidence level 3A), CDK6 (evidence level 3B) and CDKN2B loss 
(evidence level 3B), FGFR2 fusion (evidence level 3B), IDH1, and IDH2 
mutations (evidence level 3B), listed in Table 1.

To see the frequency of gene alterations in BTCs in Asian patients, 
we downloaded the mutation data of 310 Asian cases with BTC (239 
Japanese cases and 71 Singaporean cases) from the International 
Cancer Genome Consortium data portal. Among the eight genes de-
scribed above as having evidence of therapeutic impact in the clini-
cal practice guidance for NGS for cancer diagnosis and treatment,21 
the genes most frequently altered were IDH1 (5.8%), ERBB2 (4.2%), 
RNF43 (3.9%), and FGFR2 (3.2%) in Asian patients with BTC.

3  | HUMAN EPIDERMAL GROW TH 
FAC TOR RECEPTOR (H ER )  FAMILY AND 
ERB B2  AMPLIFIC ATION

Evidence indicates that HER2 might be used as a novel restorative 
target in patients with BTCs.23 The frequency of HER2 amplification 
or overexpression is noted in roughly 4%-28.6% of GBC,19,23-28 4%-
11% of extrahepatic cholangiocarcinoma,26-28 and 0.6%-5% of in-
trahepatic cholangiocarcinoma.26-28 Previous reports show that the 
principal site of occurrence of HER2-positive BTC varies; the ratio of 
HER2 3+ in immunohistochemistry was at its maximum in GBCs, fol-
lowed by that in extrahepatic cholangiocarcinoma.27,29 In addition, 
recent genomic research has shown how mutational information is 
BTC -specific, as indicated by their principal sites of occurrence or 
etiological factors.19,30-32 Studies show that BTC pathogenesis might 
be unique for these variables, and therefore, various therapeutic ap-
proaches might be required, which will depend on patient-specific 
medical details, as well as the outcomes of inherited or molecular 
profiling.23 Studies (using immunohistochemistry) have not been able 
to illustrate the prognostic effect of HER2 overexpression in patients 
with BTC because of comparatively smaller sample size and hetero-
geneity of individual attributes.23,33,34 Some other studies have in-
dicated that HER2 overexpression is associated with poor prognosis 
of patients without any targeted therapies, and that these patients 
might benefit from targeting the HER2 signaling pathway.35,36

Trastuzumab is a monoclonal antibody targeting HER2. Certain 
earlier studies encourage the application of trastuzumab-based 
combination chemotherapy owing to its anti-tumor activity in pa-
tients with HER2-positive BTC.23,37-39 Substantial, randomized, 
and controlled studies of HER2-targeted therapies have been 
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advantageous for patients with HER2-positive gastroesophageal 
adenocarcinoma and breast cancer, as HER2 overexpression and 
amplification is more frequent in these cancers. On the other hand, 
case reports and series have established HER2 as an efficient ther-
apeutic target in patients with gallbladder carcinoma.37-39 Javle 
et al39 reported that in gallbladder carcinoma patients with distant 
metastases, trastuzumab was related to partial response (n = 4), sta-
ble disease (n = 3), or complete response (n = 1), resulting in a 56% 
response rate, whereas patients with cholangiocarcinoma did not 
respond to trastuzumab therapy. The MyPathway basket trial incor-
porated seven patients with HER2 amplification or overexpression 
in BTC who were treated with HER2-targeted therapy (trastuzumab 
and pertuzumab); two patients showed partial response, while the 
other three patients had stable disease beyond 120 days.40 In addi-
tion, the SUMMIT trial using the pan-HER kinase inhibitor neratinib 
included nine patients with HER2-mutated BTC; the objective re-
sponse rate at week 8 was 22.2% and clinical benefit (stable disease 
or partial response lasting at least 24 weeks) rate was 33.3%.41

4  | T YROSINE RECEPTOR KINA SE (TRK ) 
FUSION GENE

NTRK1, NTRK2, and NTRK3 encode the neurotropic receptor ty-
rosine kinases, TRKA, TRKB, and TRKC.42 Overexpression of 

chimeric proteins due to TRK fusions result in dynamic ligand-
independent downstream signaling.42 Molecular biology experi-
ments and earlier clinical information propose that these fusions 
result in oncogene dependency irrespective of the tissue's source, 
suggesting that it may act as a risk factor in approximately 1% of 
all the solid tumors.43-48 Ross et al49 reported that NTRK fusion-
positive rate was 5.6% in patients with intrahepatic cholangiocar-
cinoma (Table 1).

Based on scientific evidence, the entire response rate of 
larotrectinib in TRK fusion-positive tumor types was nearly 80% 
(95% CI, 67-90), irrespective of the tumor type.42 Studies show 
that specific mutations can be created to cope with the acquired 
mutations in the kinase domain; for instance, LOXO-195 is pres-
ently being assessed in adults and children in a phase I-II study.42 
Larotrectinib-related adverse events that resulted in dose reduc-
tions were unusual in this study; in a study of 55 patients with TRK 
fusion-positive cancer, therapy was not halted for any of the pa-
tients due to drug-related unwanted effects.42 Larotrectinib had 
noticeable and durable anti-tumor action in patients with TRK fu-
sion-positive cancers, irrespective of the chronological age of the 
affected person or tumor variety. Long-lasting responses were no-
ticed irrespective of patient age, tumor tissue, and the position of 
fusion.42 Long-term management with larotrectinib is possible for 
patients with minimal side-effects.42 Nevertheless, another study 
regarding extended follow-up of a larger patient cohort indicated 

TA B L E  1   Draggable genes with therapeutic impact for biliary tract cancer partly cited from the clinical practice guidance for next-
generation sequencing in cancer diagnosis and treatment (Edition 1.0)21

Gene 
name Types of gene alterations Tumor typea 

Mutation 
frequencyb 

Clinical 
significancea 

Evidence 
levela  Agents Reactivity

ERBB2 Amplification Biliary cancer GBC 9.8%-19%
ECC 11%-17%

Response 2A Trastuzumab/
Pertuzumab

Sensitive

NTRK1 Fusion gene Solid tumor ICC 5.6% Response 2A Pan Trk inhibitor Sensitive

RNF43 Mutation (loss of function) Solid tumor GBC 3.9%
ICC 9.3%

Response 3A LGK974 
(Porcupine 
inhibitor)

Sensitive

CDK6 Amplification/Actionable 
mutation

Solid tumor ICC 7% Response 3B Ribociclib Sensitive

CDKN2B Mutation (loss of function) Solid tumor GBC 5.9%-19%
ECC 17%
ICC 5.6%-25.9%

Response 3B CDK4/6 inhibitor Sensitive

FGFR2 Fusion gene Biliary cancer GBC 3%
ICC 11%-45%

Response 3B PD173074 (FGFR 
inhibitor)

Sensitive

IDH1 Actionable mutation Biliary cancer GBC 1.5%
ECC 0.7%-4%
ICC 4.9%-36%

Response 3B Dasatinib Sensitive

IDH2 Actionable mutation Biliary cancer GBC 1.5%
ECC 0.7%-4%
ICC 4.9%-36%

Response 3B Dasatinib Sensitive

Abbreviations: ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder carcinoma; ICC, intrahepatic cholangiocarcinoma.
aTumor type, clinical significance, and evidence level of the draggable genes with therapeutic impact were cited from the clinical practice guidance 
for next-generation sequencing in cancer diagnosis and treatment (Edition 1.0).21 
bMutation frequency of all genes but one was cited from a review article reported by Valle et al.22 Mutation frequency of NTRK1 was quoted from a 
study reported by Ross et al.49 
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that experience may offer additional comprehension of the safety 
profile of this agent.

5  | FIBROBL A ST GROW TH FAC TOR 
RECEPTOR (FG FR)  FUSION GENE

In a recent study on whole exome and transcriptome sequencing, 
FGFR2 fusions were recognized in two of the four cholangiocarcino-
mas sequenced (50%).50 FGFR2-BICC1 fusion was recognized in both 
cases.50 A NGS-based diagnostic assay showed that two-thirds of the 
intrahepatic cholangiocarcinoma patients harbored possibly achiev-
able gene changes, which can be used for developing customized 
therapies and selecting patient-specific therapies in clinical trials.50 
Considering the constrained treatment plans, inadequate prognosis in 
intrahepatic cholangiocarcinoma patients, and the diversity of worka-
ble variations mentioned in this study, extensive genomic profiling can 
promote innovation of treatment models and assist in rectifying an 
unsatisfactory clinical requirement. In a phase II study of BGJ398 in 61 
patients with FGFR-altered advanced cholangiocarcinoma, the overall 
response rate was 14.8% (18.8% FGFR2 fusions only), disease control 
rate was 75.4% (83.3% FGFR2 fusions only), and estimated median 
progression-free survival was 5.8 months (95% CI, 4.3-7.6 months).51

6  | ISOCITR ATE DEHYDROGENA SE ( IDH) 
ALTER ATIONS

Mutations in the genes encoding isocitrate dehydrogenase (IDH1 
and IDH2) are observed more regularly in noninfectious cholangio-
carcinomas.52 IDH1 and IDH2 mutations were also identified (19%) 
in the Johns Hopkins group.52 These mutations were grouped in for-
merly recognized hot spots (codons 132 and 172) and were related 
to poor prognosis.53,54 These variations in analysis could be because 
of differences in sample size and in the basic features of these two 
studies.53,54 A Chinese study reported only five (4.9%) patients with 
intrahepatic cholangiocarcinoma who harbored IDH1 mutations.55

7  | MICROSATELLITE INSTABILIT Y-HIGH 
(MSI-H) & HYPERMUTATION

Mutational load has been shown to be elevated in tumors that can 
be effectively eradicated using immunotherapies, for instance, in 
melanoma and lung cancer.56 For example, therapy using checkpoint 
inhibitors in tumors with mismatch repair deficiency was shown to 
be effective in a phase II study, attaining approximately 40% of the 
target results.57 Mutational load is high in BTCs.57 Le et al58 assessed 
the efficiency of PD-1 blockade in patients with advanced mismatch 
repair-deficient cancers, including 12 different tumor types; objec-
tive radiographic response rate was observed in 53% of patients, and 
complete response rate was observed for 21% of patients. Detection 
of tumor hypermutation in cancer is expected to not only predict 

the clinical benefit of immune checkpoint inhibitor treatment, but 
also provide better surgical strategies for patients with hypermu-
tated tumors.59 Nakamura et al26 reported that hypermutated cases, 
where the high mutation load created abundant tumor-specific neo-
antigens, were significantly enriched in immune checkpoint genes 
(cluster 4); they also evaluated the expression of nine targetable im-
munosuppressive immune checkpoint molecules, including PD-L1 
(CD274), and the expression of these molecules was significantly 
higher in cluster 4 than in other clusters. In total, 45.2% of cases 
showed increase in the expression of immune checkpoint molecules, 
including those associated with favorable clinical response to treat-
ment with an anti-PD-L1 antibody.26

The outcomes differed among case series; high-level MSI has 
been revealed in 5% of gallbladder carcinoma,60 5%-13% of extra-
hepatic cholangiocarcinoma,60,61 and up to 10% of intrahepatic chol-
angiocarcinoma.60 Mismatch repair (hMLH1 and hMSH2 negativity) 
was observed in 51.3% and 59% of cases of gallbladder carcinoma 
and 57.1% and 65.7% of cases of extrahepatic cholangiocarcinoma, 
respectively.62 In addition, O (6)-methylguanine- DNA methyltrans-
ferase (MGMT) methylation was acknowledged in 59% of gall-
bladder carcinoma and 60% of extrahepatic cholangiocarcinoma 
cases.62 Both MGMT methylation and mismatch repair status were 
related to poor prognosis in gallbladder carcinoma and extrahepatic 
cholangiocarcinoma.63

8  | GERMLINE VARIANTS IN BILIARY 
TR AC T C ANCER

The genetic attributes of BTC are not completely understood, and its 
molecular profiles are heterogeneous. Large sample sizes are required 
for extensive evaluation of the molecular basis of BTC. Individuals 
with germline mutations in breast cancer gene 2 (BRCA2) are at high 
risk of BTC as well as of pancreatic cancer.64 In a recent study in-
volving 412 BTC samples from Japanese and Italian populations, 32 
frequently mutated genes, including a novel deletion of MUC17 at 
7q22.1, were recognized, some of which adversely affected clinical 
prognosis.65 The other significantly and commonly mutated genes 
included TP53, KRAS, SMAD4, NF1, ARID1A, PBRM1, and ATR, some 
of which negatively affected patient prognosis.65 Notably, they 
observed that at least 11% of BTC cases had deleterious germline 
mutations in cancer-predisposing genes.65 Zou et al55 revealed that 
TP53 mutations are more likely to be HBsAg-seropositive, whereas 
KRAS mutations are nearly exclusively found in HBsAg-seronegative 
patients with intrahepatic cholangiocarcinoma.

9  | TARGETED THER APY OF 
INTR AHEPATIC CHOL ANGIOC ARCINOMA

Currently, authorized medications for treating intrahepatic cholangio-
carcinoma are lacking. The current application of next-generation DNA 
sequencing expertise in medical practice has allowed oncologists to 
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customize treatment choices for patients in accordance with the inher-
ited alterations triggering the disease. The initiatives for determining 
targetable genomic improvements using NGS are resulting in the recog-
nition of new and continual gene fusions in various cancers. Mutations 
in the critical factors of the RAS and PI3K signaling pathways are tar-
geted for treating patients with intrahepatic cholangiocarcinoma.49  
A study reported several changes in FGFR2, such as three-gene fu-
sions, while another report identified FGFR2 fusions in primary hepatic 
cholangiocarcinoma.49 In particular, the most common variations were 
within ARID1A (36%), IDH1/2 (36%), and TP53 (36%), in addition to the 
amplification of MCL1 (21%).49 Nearly 66% of patients within this study 
harbored genomic changes, which might be associated with targeted 
treatments, and, therefore, therapy options can be possibly custom-
designed for individual patients.49 In the liver biopsy of a 62 year-old 
female patient, Ross et al49 applied a NGS filtering process of 28 forma-
lin-fixed paraffin-embedded (FFPE) samples of intrahepatic cholangio-
carcinoma, and identified a new gene fusion, RABGAP1L-NTRK1 (3.6%). 
In addition, a repeated gene fusion of ETV6 and NTRK3 (ETV6-NTRK3) 
has been defined in congenital fibrosarcoma.66

10  | PRECISION MEDICINE AND 
IMMUNOTHER APY IN BILIARY TR AC T 
C ANCER

Currently, IDH inhibitors for IDH-mutant BTC and molecules target-
ing FGFR2 gene fusions are being used for treating BTC. The ma-
jority of the outstanding molecular targets that have been analyzed 
in clinical studies have yielded relatively unsatisfactory outcomes, 
with inconsistent results and unfavorable trials, indicating that un-
known targets/pathways and better methods for understanding the 
complicated molecular biology of BTC are required.22 As with other 
malignancies, significant reduction in the cost of NGS technological 
innovations has facilitated additional advanced trials, using various 
molecular subtypes of the metastasizing cancer that can be associ-
ated with specific inhibitors. Acquiring the tumor molecular profiles 
of patients who are fit to join clinical studies outside the first-line 
systemic therapy can offer these patients further encouraging treat-
ment plans. On the other hand, acquiring adequate BTC tissue for 
such purposes can be challenging, thereby complicating this strat-
egy. Owing to these circumstances, the use of liquid biopsies, for in-
stance, circulating tumor cells, cell-free DNA, and exosomes, should 
be optimized to obtain robust and favorable outcomes.

Innate and adoptive immune cells are found in BTCs; this is ap-
parently the phase structure (for macrophages), and the existence 
of dendritic cells, CD4+ helper T-lymphocytes, CD8+ cytotoxic 
T-lymphocytes, and B-lymphocytes/plasma cells are associated to 
be enhanced tactical.67 MUC1, a glycoprotein forming a hydrophilic 
barrier to hydrophobic cytotoxic agents and immune system surveil-
lance, is overexpressed in gallbladder carcinoma (90%), but relatively 
poorly expressed in cholangiocarcinoma (59%-77%), and is associ-
ated with an advanced stage of the disease and reduced survival. A 
previous study revealed that MUC1 vaccination failed to produce 

clinical gains despite eliciting an IgG response.68 Shimizu et al vac-
cinated patients with resected intrahepatic cholangiocarcinoma 
with autologous tumor lysate-pulsed dendritic cells plus ex-vivo- 
activated T-cell transfer (adoptive immunotherapy). The overall sur-
vival of these patients was double (31.9 vs 17.4 months, P = .022) of 
that of surgery-alone patients; this was most marked in patients with 
prominent skin reactions.69

11  | KR A S-BR AF-MEK-ERK PATHWAY

As with several types of cancer, the RAS-RAF-MEK-ERK signal 
transduction pathway is often dysregulated in cholangiocarci-
noma.70 Epidermal growth factor (EGF) and platelet-derived growth 
factor (PDGF) trigger a cascade of activation of downstream sign-
aling molecules. Activated RAS triggers phosphorylation and ac-
tivation of RAF kinase, ultimately causing end phosphorylation of 
MEK1 and MEK2. Activated MEK phosphorylates ERK1 and ERK2. 
Phosphorylated ERK (pERK) then dimerizes and translocates to the 
nucleus,71 where it regulates numerous essential cellular functions. 
Gain-of-function KRAS mutations occur in 9%-40% cases of cholan-
giocarcinoma.49,72 KRAS mutation has been related to perineural in-
trusion, advanced stage disease, and inadequate prognosis.73 KRAS 
mutations have also been detected in up to 7.8% cases of gallblad-
der carcinoma.19 BRAF mutations are rare in gallbladder carcinoma 
and are mostly detected in intrahepatic cholangiocarcinoma.74,75 
Irrespective of the high frequency of occurrence of KRAS mutations, 
targeting of this pathway is always complicated. BRAF is a proto-
oncogene and an essential component of the RAS- RAF-MEK-ERK 
signaling pathway.17 New interdisciplinary approaches focusing on 
various molecules in this specific pathway or trials for identifying 
better diagnostic methods for cholangiocarcinoma are required.

Aberrant activation of the RAS-RAF-MEK-ERK pathway in pa-
tients with BTC indicates its importance in the treatment of BTC. 
The KRAS (G12C) inhibitor AMG510 drives anti-tumor activity, and 
has reached the clinical testing stage in human solid tumors (clini 
caltr ials.gov identifier NCT03600883). In preclinical analyses, treat-
ment with AMG 510, which is the first identified KRAS (G12C) inhib-
itor, led to the regression of KRASG12C tumors and improved the 
anti-tumor efficacy of chemotherapy and targeted agents.76 In clini-
cal trials, AMG 510 demonstrated anti-tumor activity in the first dos-
ing cohorts and represented a potentially transformative therapy for 
patients for whom effective treatments are lacking. Preclinical data 
indicate inhibition of cell growth in BTC models with KRAS-mutated 
cell lines after treatment with MEK inhibitors.77 Several clinical tri-
als showed that the MEK inhibitor was well-tolerated and showed 
promising evidence of activity in patients with BTC.78,79

12  | CONCLUSIONS

The treatment options for patients with advanced BTC are improv-
ing; owing to intercontinental cooperation toward understanding 

http://clinicaltrials.gov
http://clinicaltrials.gov
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and treating BTC, the latter can no longer be considered “rare dis-
eases.” Studies have demonstrated that BTC includes subgroups 
with individually distinct driver mutations, most of which can be tar-
geted with new treatment plans. Systemic treatment plans, such as 
targeted therapies and immunotherapy for BTC, is improving rapidly. 
In addition, development of numerous pathway-targeted therapies, 
together with modulation of the immune environment, provides as-
surance to patients with these disorders. For decreasing the inci-
dence of BTC, robust specialized medical advancement, along with 
basic and translation analysis, is required. Identification of inherited 
driver mutations and translational research are required for provid-
ing a distinct opinion regarding the past, present, and future of BTCs.

DISCLOSURE
Funding: Authors declare no financial support for this article.

Conflict of Interest: Authors declare no conflicts of interest for 
this article.

Author Contribution: Conception and design by TW; data col-
lected by TW, MN, YS, PP, and JS; manuscript written by TW, MN, 
YS, PP, and JS.

ORCID
Toshifumi Wakai  https://orcid.org/0000-0003-2443-3428 
Yoshifumi Shimada  https://orcid.org/0000-0003-0524-236X 
Jun Sakata  https://orcid.org/0000-0003-1773-0133 

R E FE R E N C E S
 1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 

cancer statistics. CA Cancer J Clin. 2011;61:69–90.
 2. Patel T. Worldwide trends in mortality from biliary tract malignan-

cies. BMC Cancer. 2002;2:10.
 3. Shaib Y, El-Serag HB. The epidemiology of cholangiocarcinoma. 

Semin Liver Dis. 2004;24:115–25.
 4. Rizvi S, Gores GJ. Pathogenesis, diagnosis, and management of 

cholangiocarcinoma. Gastroenterology. 2013;145:1215–29.
 5. Blechacz B, Komuta M, Roskams T, Gores GJ. Clinical diagnosis and 

staging of cholangiocarcinoma. Nat Rev Gastroenterol Hepatol. 
2011;8:512–22.

 6. Charbel H, Al-Kawas FH. Cholangiocarcinoma: epidemiology, risk 
factors, pathogenesis, and diagnosis. Curr Gastroenterol Rep. 
2011;13:182–7.

 7. Dickson PV, Behrman SW. Distal cholangiocarcinoma. Surg Clin 
North Am. 2014;94:325–42.

 8. Razumilava N, Gores GJ. Classification, diagnosis, and management 
of cholangiocarcinoma. Clin Gastroenterol Hepatol. 2013;11:13–
21.e1.

 9. Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet. 
2014;383:2168–79.

 10. Brown KM, Geller DA. Proximal biliary tumors. Surg Clin North Am. 
2014;94:311–23.

 11. Takahashi Y, Ebata T, Yokoyama Y, Igami T, Sugawara G, Mizuno T, 
et al. Surgery for recurrent biliary tract cancer: a single-center expe-
rience with 74 consecutive resections. Ann Surg. 2015;262:121–9.

 12. Wernberg JA, Lucarelli DD. Gallbladder cancer. Surg Clin North Am. 
2014;94:343–60.

 13. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, 
Maraveyas A, et al. Cisplatin plus gemcitabine versus gemcitabine 
for biliary tract cancer. N Engl J Med. 2010;362:1273–81.

 14. Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa S, Funakoshi 
A, et al. Gemcitabine alone or in combination with cisplatin in pa-
tients with biliary tract cancer: a comparative multicentre study in 
Japan. Br J Cancer. 2010;103:469–74.

 15. 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.

 16. Kanai M, Hatano E, Kobayashi S, Fujiwara Y, Marubashi S, Miyamoto 
A, et al. A multi-institution phase II study of gemcitabine/cisplat-
in/S-1 (GCS) combination chemotherapy for patients with advanced 
biliary tract cancer (KHBO 1002). Cancer Chemother Pharmacol. 
2015;75:293–300.

 17. Sakai D, Kanai M, Kobayashi S, Eguchi H, Baba H, Seo S, 
et al. Randomized phase III study of gemcitabine, cispla-
tin plus S-1 (GCS) versus gemcitabine, cisplatin (GC) for ad-
vanced biliary tract cancer (KHBO1401-MITSUBA). Ann Oncol. 
2018;29(suppl_8):viii205–70.

 18. Misra S, Chaturvedi A, Misra NC, Sharma ID. Carcinoma of the gall-
bladder. Lancet Oncol. 2003;4:167–76.

 19. Li M, Zhang Z, Li X, Ye J, Wu X, Tan Z, et al. Whole-exome and 
targeted gene sequencing of gallbladder carcinoma identifies recur-
rent mutations in the ErbB pathway. Nat Genet. 2014;46:872–6.

 20. Javle M, Rashid A, Churi C, Kar S, Zuo M, Eterovic AK, et al. 
Molecular characterization of gallbladder cancer using somatic mu-
tation profiling. Hum Pathol. 2014;45:701–8.

 21. Sunami K, Takahashi H, Tsuchihara K, Takeda M, Suzuki T, Naito 
Y, et al. Clinical practice guidance for next-generation sequenc-
ing in cancer diagnosis and treatment (Edition 1.0). Cancer Sci. 
2018;109:2980–5.

 22. Valle JW, Lamarca A, Goyal L, Barriuso J, Zhu AX. New horizons for pre-
cision medicine in biliary tract cancers. Cancer Discov. 2017;7:943–62.

 23. Nam AR, Kim JW, Cha Y, Ha H, Park JE, Bang JH, et al. Therapeutic 
implication of HER2 in advanced biliary tract cancer. Oncotarget. 
2016;7:58007–21.

 24. Roa I, de Toro G, Schalper K, de Aretxabala X, Churi C, Javle M. 
Overexpression of the HER2/neu gene: a new therapeutic possi-
bility for patients with advanced gallbladder cancer. Gastrointest 
Cancer Res. 2014;7:42–8.

 25. Yoshida H, Shimada K, Kosuge T, Hiraoka N. A significant subgroup 
of resectable gallbladder cancer patients has an HER2 positive sta-
tus. Virchows Arch. 2016;468:431–9.

 26. Nakamura H, Arai Y, Totoki Y, Shirota T, Elzawahry A, Kato 
M, et al. Genomic spectra of biliary tract cancer. Nat Genet. 
2015;47:1003–10.

 27. Yan M, Schwaederle M, Arguello D, Millis SZ, Gatalica Z, Kurzrock 
R. HER2 expression status in diverse cancers: review of results 
from 37,992 patients. Cancer Metastasis Rev. 2015;34:157–64.

 28. Javle M, Bekaii-Saab T, Jain A, Wang Y, Kelley RK, Wang K, et al. 
Biliary cancer: utility of next-generation sequencing for clinical 
management. Cancer. 2016;122:3838–47.

 29. Nakazawa K, Dobashi Y, Suzuki S, Fujii H, Takeda Y, Ooi A. 
Amplification and overexpression of c-erbB-2, epidermal growth 
factor receptor, and c-met in biliary tract cancers. J Pathol. 
2005;206:356–65.

 30. Ong CK, Subimerb C, Pairojkul C, Wongkham S, Cutcutache I, Yu 
W, et al. Exome sequencing of liver fluke-associated cholangiocar-
cinoma. Nat Genet. 2012;44:690–3.

 31. Jiao Y, Pawlik TM, Anders RA, Selaru FM, Streppel MM, Lucas DJ, 
et al. Exome sequencing identifies frequent inactivating mutations 
in BAP1, ARID1A and PBRM1 in intrahepatic cholangiocarcinomas. 
Nat Genet. 2013;45:1470–3.

 32. Chan-On W, Nairismägi ML, Ong CK, Lim WK, Dima S, Pairojkul C, 
et al. Exome sequencing identifies distinct mutational patterns in 

https://orcid.org/0000-0003-2443-3428
https://orcid.org/0000-0003-2443-3428
https://orcid.org/0000-0003-0524-236X
https://orcid.org/0000-0003-0524-236X
https://orcid.org/0000-0003-1773-0133
https://orcid.org/0000-0003-1773-0133


322  |     WAKAI et Al.

liver fluke-related and non-infection-related bile duct cancers. Nat 
Genet. 2013;45:1474–8.

 33. Aishima SI, Taguchi KI, Sugimachi K, Shimada M, Sugimachi K, 
Tsuneyoshi M. c-erbB-2 and c-Met expression relates to cholan-
giocarcinogenesis and progression of intrahepatic cholangiocarci-
noma. Histopathology. 2002;40:269–78.

 34. Yoshikawa D, Ojima H, Iwasaki M, Hiraoka N, Kosuge T, Kasai S, 
et al. Clinicopathological and prognostic significance of EGFR, 
VEGF, and HER2 expression in cholangiocarcinoma. Br J Cancer. 
2008;98:418–25.

 35. Lee HJ, Chung JY, Hewitt SM, Yu E, Hong SM. HER3 overexpres-
sion is a prognostic indicator of extrahepatic cholangiocarcinoma. 
Virchows Arch. 2012;461:521–30.

 36. Andersen JB, Spee B, Blechacz BR, Avital I, Komuta M, Barbour 
A, et al. Genomic and genetic characterization of cholangiocarci-
noma identifies therapeutic targets for tyrosine kinase inhibitors. 
Gastroenterology. 2012;142:1021–31.e15.

 37. Law LY. Dramatic response to trastuzumab and paclitaxel in a pa-
tient with human epidermal growth factor receptor 2-positive met-
astatic cholangiocarcinoma. J Clin Oncol. 2012;30:e271–3.

 38. Sorscher S. Marked radiographic response of a HER-2-overexpressing 
biliary cancer to trastuzumab. Cancer Manag Res. 2013;9:1–3.

 39. Javle M, Churi C, Kang HC, Shroff R, Janku F, Surapaneni R, 
et al. HER2/neu-directed therapy for biliary tract cancer. J Hematol 
Oncol. 2015;8:58.

 40. Hainsworth JD, Meric-Bernstam F, Swanton C, Hurwitz H, Spigel 
DR, Sweeney C, et al. Targeted therapy for advanced solid tu-
mors on the basis of molecular profiles: results from MyPathway, 
an open-label, phase IIa multiple basket study. J Clin Oncol. 
2018;36:536–42.

 41. Hyman DM, Piha-Paul SA, Won H, Rodon J, Saura C, Shapiro GI, 
et al. HER kinase inhibition in patients with HER2- and HER3-
mutant cancers. Nature. 2018;554:189–94.

 42. Drilon A, Laetsch TW, Kummar S, DuBois SG, Lassen UN, Demetri 
GD, et al. Efficacy of larotrectinib in TRK fusion-positive cancers in 
adults and children. N Engl J Med. 2018;378:731–9.

 43. Stransky N, Cerami E, Schalm S, Kim JL, Lengauer C. The landscape 
of kinase fusions in cancer. Nat Commun. 2014;5:4846.

 44. Russell JP, Powell DJ, Cunnane M, Greco A, Portella G, Santoro M, 
et al. The TRK-T1 fusion protein induces neoplastic transformation 
of thyroid epithelium. Oncogene. 2000;19:5729–35.

 45. Tognon C, Knezevich SR, Huntsman D, Roskelley CD, Melnyk N, 
Mathers JA, et al. Expression of the ETV6-NTRK3 gene fusion as 
a primary event in human secretory breast carcinoma. Cancer Cell. 
2002;2:367–76.

 46. Vaishnavi A, Capelletti M, Le AT, Kako S, Butaney M, Ercan D, et al. 
Oncogenic and drug-sensitive NTRK1 rearrangements in lung can-
cer. Nat Med. 2013;19:1469–72.

 47. Wiesner T, He J, Yelensky R, Esteve-Puig R, Botton T, Yeh I, et al. 
Kinase fusions are frequent in Spitz tumours and spitzoid melano-
mas. Nat Commun. 2014;5:3116.

 48. Vaishnavi A, Le AT, Doebele RC. TRKing down an old oncogene in a 
new era of targeted therapy. Cancer Discov. 2015;5:25–34.

 49. Ross JS, Wang K, Gay L, Al-Rohil R, Rand JV, Jones DM, et al. New 
routes to targeted therapy of intrahepatic cholangiocarcinomas re-
vealed by next-generation sequencing. Oncologist. 2014;19:235–42.

 50. Wu YM, Su F, Kalyana-Sundaram S, Khazanov N, Ateeq B, Cao X, 
et al. Identification of targetable FGFR gene fusions in diverse can-
cers. Cancer Discov. 2013;3:636–47.

 51. Javle M, Lowery M, Shroff RT, Weiss KH, Springfeld C, Borad MJ, 
et al. Phase II Study of BGJ398 in patients with FGFR-altered ad-
vanced cholangiocarcinoma. J Clin Oncol. 2018;36:276–82.

 52. Saha SK, Parachoniak CA, Ghanta KS, Fitamant J, Ross KN, Najem 
MS, et al. Mutant IDH inhibits HNF-4α to block hepatocyte differ-
entiation and promote biliary cancer. Nature. 2014;513:110–4.

 53. Borger DR, Zhu AX. IDH mutations: new genetic signatures in 
cholangiocarcinoma and therapeutic implications. Expert Rev 
Anticancer Ther. 2012;12:543–6.

 54. Cairns RA, Mak TW. Oncogenic isocitrate dehydrogenase mu-
tations: mechanisms, models, and clinical opportunities. Cancer 
Discov. 2013;3:730–41.

 55. Zou S, Li J, Zhou H, Frech C, Jiang X, Chu JS, et al. Mutational 
landscape of intrahepatic cholangiocarcinoma. Nat Commun. 
2014;5:5696.

 56. Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, 
Biankin AV, et al. Signatures of mutational processes in human can-
cer. Nature. 2013;500:415–21.

 57. Le DT, Uram JN, Wang H,Bartlett BR, Kemberling H, Eyring AD, 
et al. PD-1 blockade in tumors with mismatch-repair deficiency. N 
Engl J Med. 2015;372:2509–20.

 58. 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.

 59. Yuza K, Nagahashi M, Watanabe S, Takabe K, Wakai T. 
Hypermutation and microsatellite instability in gastrointestinal 
cancers. Oncotarget. 2017;8:112103–15.

 60. Rashid A, Ueki T, Gao YT, Houlihan PS, Wallace C, Wang BS, et al. 
K-ras mutation, p53 overexpression, and microsatellite instability in 
biliary tract cancers: a population-based study in China. Clin Cancer 
Res. 2002;8:3156–63.

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

 62. Suto T, Habano W, Sugai T, Uesugi N, Kanno S, Saito K, et al. 
Infrequent microsatellite instability in biliary tract cancer. J Surg 
Oncol. 2001;76:121–6.

 63. Kohya N, Miyazaki K, Matsukura S, Yakushiji H, Kitajima Y, Kitahara 
K, et al. Deficient expression of O (6)-methylguanine-DNA meth-
yltransferase combined with mismatch-repair proteins hMLH1 and 
hMSH2 is related to poor prognosis in human biliary tract carci-
noma. Ann Surg Oncol. 2002;9:371–9.

 64. Breast Cancer Linkage Consortium. Cancer risks in BRCA2 muta-
tion carriers. J Nat Cancer Inst. 1999;91:1310–6.

 65. Wardell CP, Fujita M, Yamada T, Simbolo M, Fassan M, Karlic R, et al. 
Genomic characterization of biliary tract cancers identifies driver 
genes and predisposing mutations. J Hepatol. 2018;68:959–69.

 66. Knezevich SR, McFadden DE, Tao W, Lim JF, Sorensen PH. A novel 
ETV6-NTRK3 gene fusion in congenital fibrosarcoma. Nat Genet. 
1998;18:184–7.

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

 68. Yamamoto K, Ueno T, Kawaoka T, Hazama S, Fukui M, Suehiro Y, 
et al. MUC1 peptide vaccination in patients with advanced pan-
creas or biliary tract cancer. Anticancer Res. 2005;25:3575–9.

 69. Shimizu K, Kotera Y, Aruga A, Takeshita N, Takasaki K, Yamamoto 
M. Clinical utilization of postoperative dendritic cell vaccine plus 
activated T-cell transfer in patients with intrahepatic cholangiocar-
cinoma. J Hepatobiliary Pancreat Sci. 2012;19:171–8.

 70. O'Neill E, Kolch W. Conferring specificity on the ubiquitous Raf/ 
MEK signaling pathway. Br J Cancer. 2004;90:283–8.

 71. Khokhlatchev AV, Canagarajah B, Wilsbacher J, Robinson M, 
Atkinson M, Goldsmith E, et al. Phosphorylation of the MAP kinase 
ERK2 promotes its homodimerization and nuclear translocation. 
Cell. 1998;93:605–15.

 72. Churi CR, Shroff R, Wang Y, Rashid A, Kang HC, Weatherly J, et al. 
Mutation profiling in cholangiocarcinoma: prognostic and thera-
peutic implications. PLoS ONE. 2014;9:e115383.

 73. Chen TC, Jan YY, Yeh TS. K-ras mutation is strongly associated 
with perineural invasion and represents an independent prognostic 



     |  323WAKAI et Al.

factor of intrahepatic cholangiocarcinoma after hepatectomy. Ann 
Surg Oncol. 2012;19(Suppl 3):S675–81.

 74. Pai RK, Mojtahed K, Pai RK. Mutations in the RAS/RAF/MAP kinase 
pathway commonly occur in gallbladder adenomas but are uncom-
mon in gallbladder adenocarcinomas. Appl Immunohistochem Mol 
Morphol. 2011;19:133–40.

 75. Goeppert B, Frauenschuh L, Renner M, Roessler S, Stenzinger A, 
Klauschen F, et al. BRAF V600E-specific immunohistochemistry 
reveals low mutation rates in biliary tract cancer and restriction to 
intrahepatic cholangiocarcinoma. Mod Pathol. 2014;27:1028–34.

 76. Canon J, Rex K, Saiki AY, Mohr C, Cooke K, Bagal D, et al. The clin-
ical KRAS(G12C) inhibitor AMG 510 drives anti-tumour immunity. 
Nature. 2019;575:217–23.

 77. Cavalloni G, Peraldo-Neia C, Varamo C, Chiorino G, Sassi F, Aglietta 
M, et al. Preclinical activity of EGFR and MEK1/2 inhibitors in the 
treatment of biliary tract carcinoma. Oncotarget. 2016;7:52354–63.

 78. Finn RS, Ahn DH, Javle MM, Tan BR Jr, Weekes CD, Bendell JC, 
et al. Phase 1b investigation of the MEK inhibitor binimetinib in pa-
tients with advanced or metastatic biliary tract cancer. Invest New 
Drugs. 2018;36:1037–43.

 79. Ikeda M, Ioka T, Fukutomi A, Morizane C, Kasuga A, Takahashi H, 
et al. Efficacy and safety of trametinib in Japanese patients with ad-
vanced biliary tract cancers refractory to gemcitabine. Cancer Sci. 
2018;109:215–24.

How to cite this article: Wakai T, Nagahashi M, Shimada Y, 
Prasoon P, Sakata J. Genetic analysis in the clinical 
management of biliary tract cancer. Ann Gastroenterol Surg. 
2020;4:316–323. https://doi.org/10.1002/ags3.12334

https://doi.org/10.1002/ags3.12334

