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Introduction
The annual incidence of cholangiocarcinoma in the United States from 2001 to 2015 was 

1.26 per 100,000 people per year. The incidence rates have increased over this time period, 
specifically for intrahepatic cholangiocarcinoma. According to the SEER data base, the average 
5-year survival rate of localized intra-hepatic cholangiocarcinoma is 24% and that of extra-
hepatic is 15%. Native Americans have the highest incidence in the United States, about 6 
times more than non-natives [1]. Occupational exposure to 1, 2 DCP and or dichloromethane 
has been documented in people working in the printing industry in Japan [2]. Chlonorchis 
Sinensis, oriental liver fluke; Opisthorchis Viverrini as well as chronic hepatolithiasis increase 
chance of developing the disease [3]. 

Intrahepatic cholangiocarcinoma occurs above the second order bile ducts and has a 
median survival of 10 months. The only hope for cure is with surgical resection, although 
2/3rds of the patient have disease recurrence in the remnant liver [4]. Advancements in 
molecular diagnostics and targeted therapy have mostly occurred in the field of intrahepatic 
cholangiocarcinoma [5]. Perihilar cholangiocarcinoma occurs below the second order bile 
ducts and above the level of cystic duct and poses the problems of difficulty in reaching diagnosis 
in advanced inoperable stages. It is frequently hard to obtain tissue from the ducts which in 
turn causes delay in treatment. Current treatment includes Gemcitabine based chemotherapy 
with localized therapy in the form of radiation or rarely surgery. Transplantation is offered 
for tumors less than 3cm, with negative nodes. Distal cholangiocarcinoma and gallbladder 
cancers are mostly unchanged, with pancreaticoduodenectomy and radical cholecystectomy 
being the most effective therapy in qualified clinical cases. Gemcitabine-based chemotherapy 
is most likely to benefit in the adjuvant setting.

This mini review will focus on evolving role of molecular diagnostics and transplantation. 

Molecular Diagnostics
A new era of genetic profiling began with sequencing of human genome in 2003. Today, 

with the advent of Next Generation Sequencing, three billion base pairs can be analyzed in 
a matter of hours. Multiple tests can be performed in a limited amount of tissue. Millions of 
fragments of DNA are analyzed in parallel. In a matter of 2 weeks the genome can be tested 
for a comprehensive set of cancer related genes. Comprehensive genetic profiling (CGP)of the 
tumors is increasingly being used and currently considered the key driver in personalized 
cancer care. CGP is also available for somatic cells, which can identify inheritable genetic 
changes. There are four types of genetic alterations that occur in cancer cell transformation 
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a) base substitution b) insertion and deletion of base pairs c) 
uncontrolled copying of base alterations and d) re-arrangements 
of bases. Older techniques such as, single marker molecular tests 
(ex. Running specific BRAF or V600e tests) use PCR amplicon 
technology and multigene hotspot test (identifies only base 
insertions and deletions and substitutions and misses MSI, copied 
alterations, gene rearrangements and mutational burden) are not 
as effective as CGP. 

Tumoral Mutations and Targeted Treatment in 
Intrahepatic Cholangiocarcinoma

Daniela Sia et al. [6] looked at RNA and exosome sequencing 
analysis in 107 iCCA patients and found that 70% of patients harbor 
one actionable mutation (FGFR2 fusions, IDH1/2, ARAF, KRAS, 
BRAF and FGF19). Similar results were seen by Lowery et al. [7] 
of the 195 patients, 78% intrahepatic tumors had mutations. The 
most common mutations found in iCCA were IDH1 (30%), ARID1A 
(23%), BAP1 (20%), TP53 (20%) and FGFR2 gene fusions (14%) 
most of them were mutually exclusive. Rizvi et al. [8] found protein 
kinase cAMP- activated catalytic subunit alpha (PRKACA) or beta 
(PRKACB) gene fusion in pCCA and ELF3 mutations in dCCA/ 
ampullary cancer (Table 1).

Table 1: Mutations observed in iCCA, pCCA and dCCA 
their targeted therapies. 

Mutations Targeted Therapy

IDH1/2 Ivosidinib

FGFR1/2/3 Erdafitinib

BAP1 Olaparib

ARID1A/ARID1B Tazemetostat

BRAF Vamurefenib

KRAS Selumetinib

CDKN2A/CCND1 CDK 4/6 inhibitors

A.	 IDH- Isocitrate dehydrogenase, 

B.	 FGFR - Fibroblastic growth factor, 

C.	 BAP- BRCA associated protein, 

D.	 CDK- Cyclin dependent kinase, 

E.	 CCND- Cyclin D.

 IDH1 inhibitor, Ivosidinib is currently approved as a treatment 
for AML and appears to be effective against cholangiocarinoma 
with this mutation. In a multicenter phase 1 study between US and 
the Eastern cooperative oncology group, 73 patients were studied 
in a dose escalation trial (from 200-1200 mg per day). 500mg per 
day was used for the expansion and a median overall survival was 
found to be 13.4months. Twelve-month progression free survival 
was 21.8% [9]. ARID1a mutations are associated with increased 
immune activity in GI cancers and is correlated with microsatellite 
instability. These cancers were also likely to express PD-L1 than 

ARID1A- wild type GI cancers. This increases their chances to be 
susceptible to immune checkpoint blockade therapy [10]. 

BAP1 (BRCA1 associated protein 1)/ BRCAness - plays a role 
in repairing damaged DNA and controlling the activity of genes. 
BAP1 inhibition is demonstrated with PARP inhibitor Olaparib, 
especially when combined with cisplatin (studied in patients with 
mesothelioma) [10]. FGFR mutations: FGFR inihibitor, Infigratinib 
was used to treat cholangiocarcinoma but acquired resistance, 
which was found to be overcome with mTOR inhibitors, suggesting 
using combination Infigratinib -mTOR inhibitor therapy [11].

Immunotherapy in Cholangiocarcinoma
Expression of B7H1 and PD1 was upregulated in the 

cholangiocarcinoma cells compared to the surrounding stroma. 
B7H1 expression is related to immune evasion and its expression 
correlated with higher TNM stage and is inversely proportional to 
CD8 tumor infiltrating lymphocytes. Exploiting immunotherapy 
for the treatment of cholangiocarcinoma offers another avenue for 
therapy [12].

Cell Free DNA in Cholangiocarcinoma
Those managing cholangiocarcinoma realize that its diagnosis 

is particularly difficult. Intra-hepatic cholangiocarcinoma is usually 
read as undifferentiated adenocarcinoma on biopsy and perihilar 
cholangiocarcinoma is hard to biopsy, sometimes requiring mul-
tiple ERCP attempts. When spilled DNA can be picked from blood 
samples and the DNAs have special tumor signatures (in the form of 
mutations) a diagnosis can be supported, and treatment initiated. 
Potential application of cell free DNA is a) early diagnosis of tumor 
b) monitoring tumor heterogeneity c) identification of therapeu-
tic targets d) real-time evaluation of tumor resistance or relapse 
[13]. In 2019, Mody et al. [14] reported the largest series profiling 
the ct DNA in patients with HCC and biliary tract tumor.  Top few 
alterations found were TP53(18%), TERT (14%), CTNNB1 (13%). 
Wasegang compared CfDNA methylation on patients with cholan-
giocarcinoma and other biliary diseases and found HOXD9 and OP-
CML as the mutation’s diagnostic of cholangiocarcinoma [15].

Transplantation for Cholangiocarcinoma
Traditionally iCCA is considered a contraindication for 

liver transplantation, although small cholangiocarcinoma 
found incidentally in explanted livers were found to have 
good overall outcomes. UNOS gives exception points for 
perihilar cholangiocarcinoma for localized tumors less than 
3cm. These patients get neoadjuvant chemotherapy, with and 
without radiation to keep the tumor under control until the 
time of transplant and treated post-transplant with adjuvant 
chemotherapy when indicated. Mayo protocol calls for 5FU based 
chemotherapy, external beam radiation with brachytherapy boosts 
in hilar cholangiocarcinoma [16]. Trans-peritoneal biopsies are 
contraindicated, because it is likely to cause tract implantation. 
Percutaneous biliary drainage is not without risk of local spread 
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but is generally not observed. 

Our group with MD Anderson treated intrahepatic 
cholangiocarcinoma patients with stable disease (irrespective of 
size and number) with liver transplantation. Overall survival at three 
years of these selected patients was found to be 83.3% with a 50% 
recurrence free survival at 1, 3 and 5 years. Patients with mutation 
were treated with targeted therapy and those with residual disease 
were given post-transplant chemotherapy. Extrahepatic recurrence 
was observed in those who retrospectively had lesions that were 
not considered significant [17]. 
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