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The Importance of 

Molecular Profiling  
in Cholangiocarcinoma
Because of its relatively low incidence and challenges in  
diagnosis, cholangiocarcinoma (CCA) has traditionally been  
poorly understood.1 In recent years, however, our understanding  
of CCA has greatly improved, largely due to significant leaps  
in the genomic characterization of this cancer. 
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CCA exhibits several characteristic genomic alterations, 
some of which are targetable with either existing 
therapies or those currently in development.2-5 But to 
make use of these newer therapies, we must have a clear 
understanding of each patient’s individual tumor and 
which genomic alterations it carries. Because of this, 
molecular profiling in CCA is a critical step in not only the 
diagnosis of the condition, but in the development of an 
appropriate treatment plan as well. Timing of testing, 
ideally at diagnosis, is also important.

FGFR2 fusions and rearrangements, in particular,  
are a common and important target in patients with 
intrahepatic CCA (iCCA).2,5-7 Because of the nature of 
genomic alterations, selection of an appropriate 
molecular profiling assay is important to ensure that 
potential FGFR2 fusions and rearrangements are not 
missed. Next-generation sequencing (NGS) is currently 
the technique that offers the greatest opportunity  
to identify patients with FGFR fusions regardless of  
fusion partner.8 

In this paper, we will cover the following  
topics related to iCCA:
› Genomic alterations in iCCA 
› FGFR2 fusions and rearrangements  
› Molecular profiling in iCCA 
› Counseling patients 
› Establishing a molecular profiling plan

Identification of genomic alterations is now  
an essential part of a definitive diagnosis in  
intrahepatic cholangiocarcinoma.

Evolving Landscape of iCCA 

Major gains in the genetic characterization of iCCA  
have been made over the past seven or eight years.  
One such important concept we developed at Memorial 
Sloan Kettering was that certain genetic alterations do 
not coexist in iCCA, a phenomenon we named mutual 
exclusivity of genetic alterations (MEGA). However, there 
are genetic alterations that can and do coexist in iCCA.5

Another was looking across cancer types to better 
understand tumor genomics. In the case of iCCA, 
learnings from neuro-oncology helped to further 
understanding of iCCA. In particular, the presence of IDH 
mutations in glioblastoma multiforme informed work on 
this genomic alteration in iCCA.9

As the genomic profile of iCCA has become clearer, 
actionable alterations that are amenable to treatment 
with either existing agents or those in development  
have come into focus. Based on the literature, actionable 
genomic alterations have been identified in up to 50%  
of patients with iCCA, although this percentage may  
vary in actual practice.2-5 Alterations may include point 
mutations, gene amplifications, and chromosomal 
rearrangements that may result in fusion proteins.5,10,11

It is critical to know the exact type of genomic 
alteration to help set expectations for how the 
disease may progress or respond to treatment. 

Molecular profiling is necessary to detect actionable 
genomic alterations, but there are additional benefits.  
Molecular profiling data may help in identifying clinical 
trials for which the patient may be eligible, helps add the 
totality of our knowledge about iCCA and, moving 
forward, may help us to better understand the 
relationship between specific alterations and prognosis.12
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Common actionable genomic alterations in iCCA.2,5-7 

Selected Actionable Genomic Alterations in iCCA

Type of Genomic Alteration Prevalence in iCCA, %

IDH mutation6,13 20–25

FGFR2 fusion2,6,7 10–16

KRAS mutation14 9–24

dMMR15 <4

MSI-H status5,16 <1–2.5

IDH mutations are the most common type of actionable 
genomic alteration found in iCCA, having been identified 

in up to 20% to 25% of patients.6,13 These mutations lead 
to accumulation of 2-hydroxyglutarate (2-HG), which 
may promote oncogenesis.17,18  Elevated 2-HG levels have 
been demonstrated in CCA.17 

FGFR has also emerged as an important tumorigenic 
driver in various tumor types, including iCCA.19-21 FRGR2 
fusions  are among the most common actionable 
genomic alterations, having been identified in up to 10% 
to 16% of patients with iCCA.2,6,7 When FGFR2 fusions 
occur, they cause constitutive FGFR2 signaling, which 
contributes to a variety of tumorigenic processes 
including cell proliferation, survival, migration, invasion, 
and angiogenesis.19,22 

Before they come to the oncology clinic, patients need to have next generation sequencing performed. 
Whether it’s the gastroenterologist, hepatologist, or even surgeon, the first touchpoint for these  
patients should already be aware that they need NGS testing. The earlier the better, from day zero.

Molecular profiling is necessary to identify actionable genomic alterations in iCCA

Routine molecular profiling is important in identifying 
actionable genomic alterations in patients with iCCA.

A variety of molecular profiling methods are now 
available, including next generation sequencing (NGS), 
fluorescence in situ hybridization (FISH), and liquid 
biopsy. However, this latter technique is not yet 
sufficiently refined for routine clinical use in iCCA.

NGS

• Allows the opportunity, in a molecular target-rich  
disease like CCA, to analyze a tissue sample for 
multiple alterations at the same time 

• While specimen size for NGS is initially larger and �
turnaround time may be longer, NGS may preclude the 
need for repeat biopsy to obtain additional tissue for 
molecular profiling23

FISH

•  Conducted to identify one specific, predetermined 
alteration at a time

• Carries potential risk of missing other alterations 24

Liquid biopsy

• Less invasive than tissue biopsy and easily repeatable�

• Lacks clinical validation�

• Not sufficiently developed for use in iCCA at present25

Of note, FGFR2 fusions may require special consideration 
for NGS testing. FGFR2 fusions have a wide range of 
fusion partners, which may be a consideration for assay 
selection. In an analysis of genomic alterations in a large 

clinical trial in cholangiocarcinoma, BICC1 was the most 
common fusion partner, occurring in about 30% of 
patients. However, there were numerous other fusion 
partners, including partners occurring in a small 
percentage of patients all the way down to "N-of-One" 
alterations that were unique to individual patients.8

A comprehensive NGS test should be able to detect all 
FGFR2 fusions, including those with known (frequently 
occurring) and unknown (rare or patient-specific) fusion 
partners.5,10,26 Effective testing should also distinguish 
FGFR2 fusions from point mutations.5,8

FGFR2 fusions have a wide range of fusion partners.1 

Therefore, to identify patients with FGFR2 fusions,  
it is important to select an assay that:

Can detect all FGFR2 
fusions, including 
those with known  
or unknown fusion  
partners1,3,6

Reports FGFR2 
fusions (vs FGFR2 
mutations)1,2

Over time, we may find that location of a tumor, for 
example, more toward the hepatic periphery, may be 
associated with specific genomic alterations. There  
are also data suggesting that artificial intelligence 
applications may be useful for analyzing tumors to 
identify “signatures” of specific genomic alterations.27 
However, these types of techniques are far from fully 
developed, and we need to await further work before 
these types of diagnostic modalities will be ready for  
use in the clinic.
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Practical considerations for molecular profiling

There are a number of practical considerations to  
take into account with molecular profiling. The first 
consideration is timing. It is important to perform 
molecular profiling at diagnosis.28 Getting the results of 
molecular profiling may take some time, so testing at 
diagnosis can help avoid unnecessary delays.

Biopsy technique is also an important consideration  
for NGS testing in patients with iCCA. Additional tissue 
may be required to satisfy NGS testing in addition to the 
pathological diagnosis, so the initial biopsy technique 
used should account for this. In my institution’s experience, 
about 20%-30% of patients may not have adequate 
tissue taken at the time of initial biopsy. Though the 
specimen size for NGS is initially larger and the 
turnaround time may be longer, it may preclude the need 
for further biopsies for purposes of molecular profiling.23

Although more invasive than fine-needle aspiration, 
core-needle biopsy typically yields enough tissue to 
allow for comprehensive molecular profiling as well as 
other examinations.29,30 Obtaining an adequate biopsy 
specimen at the time of initial biopsy can help to  
prevent the need for rebiopsy later, when the patient’s 
condition—including issues like the potential need  
to interrupt therapy and the need to improve blood 
counts—may pose challenges.

Even if some time has passed since diagnosis, it may  
not be too late to perform NGS testing. In some cases, 
tissue from the initial biopsy may be usable for NGS 
testing. However, if it is not, patients may often be willing 
to undergo repeat biopsy if it will have an impact on 
treatment decisions. 

While liquid biopsy is an exciting prospect in many tumor 
types, it is too early to rely on liquid biopsy in iCCA. It is 
unclear how liquid biopsy would be best used in iCCA and 

how results should be interpreted with reference to 
clinical outcomes and decision-making as well as how 
results of liquid biopsy correlate with tissue biopsy. 
Further research and refinement of liquid biopsy holds 
promise for the future.

Counseling patients about molecular profiling

As with other aspects of diagnosis and treatment, 
educating patients about the role molecular profiling 
plays in the care of iCCA is critical. Rather than focusing 
on the more technical aspects of NGS testing, helping 
patients to gain a high-level understanding of the role  
of molecular profiling in their care tends to be more 
helpful. Patients may easily grasp that having a better 
understanding of the genomic alterations in their tumor 
can help open up additional treatment options. 

It is important, however, to place molecular profiling  
in a realistic context for the patient. Because we can’t 
know prospectively what the results of NGS will be,  
it is important to counsel patients that the results may 
not return an actionable alteration. 

Additionally, the patient should understand that  
if the results of NGS do identify actionable alterations, 
this result will be combined with multiple other 
considerations when developing the overarching 
treatment plan. For example, if I have a patient that  
is doing well on a current course of chemotherapy,  
I won’t interrupt or change that therapy solely on the 
basis of the results of molecular profiling. 

Finally, we need to set realistic expectations for the 
results of molecular profiling. We should be very careful 
not to lead the patient to believe that certain genomic 
alterations are associated with better outcomes than 
others based on our current knowledge of iCCA. Further 
data are needed about how specific genomic alterations 
may affect outcomes.

Making molecular profiling a 
standard part of care of iCCA

Given the importance of 
molecular profiling in iCCA, 
having a standard plan for 
molecular profiling may help  
to facilitate testing at diagnosis. 
Note that molecular profiling 
may involve a team-based, 
multispecialty approach. 

Some questions to consider in establishing a molecular profiling plan include:

Who at my institution is responsible for ordering molecular profiling?

What molecular profiling technique is used?

What other specialties do I need to interact with to make sure molecular  
profiling is carried out successfully?

How can I help ensure that an adequate tissue sample—one that will provide tissue 
for pathological diagnosis as well as molecular profiling—is obtained at biopsy?

What can I do to help expedite the biopsy process and the sending of tissue for testing?
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Putting it all together

Advances in the understanding of the 
genomics of iCCA make it possible for 
you to offer additional treatment options 
for your patients, potentially impacting 
clinical outcomes.

There’s no doubt having a standard molecular profiling  
plan will make a big difference for patients with iCCA.

Taking Action For Your Patients With iCCA

› Our understanding of the genomics of iCCA has evolved greatly over time and genomic characterization of iCCA is essential

› �Many genomic alterations in iCCA are now actionable2-5

› �In order to identify genomic alterations, molecular profiling must be performed

› �Molecular profiling should be performed at diagnosis using a comprehensive NGS assay that can identify both known 
(frequently occurring) and unknown (rare or patient-specific) fusions and rearrangements5,10,26

 � Having a clear plan for how your practice carries out molecular profiling at diagnosis  
is critical to allow patients to take full advantage of targeted treatment options

References:  
1. American Cancer Society. Key Statistics for Bile Duct Cancer. https://www.cancer.org/cancer/bile-duct-cancer/about/key-statistics.html#references. 
Accessed December 21, 2021. 2. Ross JS, Wang K, Gay L, et al. New routes to targeted therapy of intrahepatic cholangiocarcinomas revealed by next-generation 
sequencing. Oncologist. 2014;19(3):235-242. 3. Chun SY, Javle M. Systemic and Adjuvant Therapies for Intrahepatic Cholangiocarcinoma. Cancer Contr. 2017;24(3):1-7. 
4. Sia D, Losic B, Moeini A, et al. Massive parallel sequencing uncovers actionable FGFR2-PPHLN1 fusion and ARAF mutations in intrahepatic cholangiocarcinoma. 
Nat Commun. 2015;6:6087. 5. Lowery MA, Ptashkin R, Jordan E, et al. Comprehensive Molecular Profiling of Intrahepatic and Extrahepatic Cholangiocarcinomas: 
Potential Targets for Intervention. Clin Cancer Res. 2018;24(17):4154-4161. 6. Farshidfar F, Zheng S, Gingras MC, et al. Integrative Genomic Analysis of 
Cholangiocarcinoma Identifies Distinct IDH-Mutant Molecular Profiles. Cell Rep. 2017;18(11):2780-2794. 7. Graham RP, Barr Fritcher EG, Pestova E, et al. Fibroblast 
growth factor receptor 2 translocations in intrahepatic cholangiocarcinoma. Hum Pathol. 2014;45(8):1630-1638. 8. Silverman IM, Hollebecque A, Fribolet L,  
et al.  Clinicogenomic analysis of FGFR2-rearranged cholangiocarcinoma identifies correlates of response and mechanisms of resistance to pemigatinib.   
Cancer Discov. 2021;11(2):326-339. 9. Wu F, Chai R-C, Wang Z, et al.  Molecular classification of IDH-mutant glioblastomas based on gene expression profiles.  
Carcinogenesis. 2019;40(7):853-860. 10. Jain A, Borad MJ, Kelley RK, et al. Cholangiocarcinoma with FGFR genetic aberrations: a unique clinical phenotype.   
JCO Precis Oncol. 2018;2:1-12. 11. Shibata T, Arai Y, Totoki Y. Molecular genomic landscapes of hepatobiliary cancer. Cancer Sci. 2018;109(5):1282-1291.  
12. De la Cruz Ku G, Buckarma E, Truty M, et al.  Presented at:  International Hepato-Pancreato-Biliary Association 2021 Annual Meeting; August 2-5; Miami, FL; Oral 
Presentation 11. 13. Churi CR, Shroff R, Wang Y, et al. Mutation profiling in cholangiocarcinoma: prognostic and therapeutic implications. PLoS ONE. 
2014;9(12):e115383. doi:10.1371/journal.pone.0115383. 14. Valle JW, Lamarca A, Goyal L, Barriuso J, Zhu AX. New Horizons for Precision Medicine in Biliary Tract 
Cancers. Cancer Discov. 2017;7(9):943-962. 15. Le DT, Durham JN, Smith KN, et al. Mismatch repair deficiency predicts response of solid tumors to PD-1 
blockade. Science. 2017;357(6349):409-413. 16. Weinberg BA, Xiu J, Lindberg MR, et al. Molecular profiling of biliary cancers reveals distinct molecular alterations 
and potential therapeutic targets. J Gastrointest Oncol. 2019;10(4):652-662. 17. Borger DR, Tanabe KK, Fan KC, et al.  Frequent mutation of isocitrate dehydrogenase 
(IDH)1 and IDH2 in cholangiocarcinoma identified through broad-based tumor genotyping.  Oncologist. 2012;17(1):72-79.18. Du X, Hu H.  The roles of 
2-hydroxyglutarate.  Front Cell Dev Biol. 2021;9:651317. doi: 10.3389/fcell.2021.651317.19. Babina IS, Turner NC. Advances and challenges in targeting FGFR signaling 
in cancer. Nat Rev Cancer. 2017;17(5):318-332. 20. Pandith AA, Shah ZA, Siddiqi MA. Oncogenic role of fibroblast growth factor receptor 3 in tumorigenesis of 
urinary bladder cancer. Urol Oncol. 2013;31(4):398-406. 21. Gallo LH, Nelson KN, Meyer AN, Donoghue DJ. Functions of Fibroblast Growth Factor Receptors in 
cancer defined by novel translocations and mutations. Cytokine Growth Factor Rev. 2015;26(4):425-449. 22. Li F, Peiris MN, Donoghue DJ. Functions of FGFR2 
corrupted by translocations in intrahepatic cholangiocarcinoma. Cytokine Growth Factor Rev. 2020;52:56-57. 23. Damodaran S, Berger MF, Roychowdhury S. 
Clinical tumor sequencing: opportunities and challenges for precision cancer medicine. Am Soc Clin Oncol Educ Book. 2015;e175-e182. 24. Hu L, Ru K, Zhang L, et al. 
Fluorescence in situ hybridization (FISH): an increasingly demanded tool for biomarker research and personalized medicine. Biomark Res. 2014;2(1):3.  
25. Rizzo A, Ricci AD, Tavolari S, Brandi G. Circulating tumor DNA in biliary tract cancer: current evidence and future perspectives. Cancer Genomics Proteomics. 
2020;17(5):441-452. 26. Barr FG. Fusion genes in solid tumors: the possibilities and the pitfalls. Expert Rev Mol Diagn. 2016;16(9):921-923. 27. Khorsandi SE, 
Dokal AD, Rajeeve V, et al. Computational analysis of cholangiocarcinoma phosphoproteomes identifies patient-specific drug targets. Cancer Res. 2021;81:765-
776. 28. Borad MJ, Gores GJ, Roberts LR. Fibroblast growth factor receptor 2 fusions as a target for treating cholangiocarcinoma. Curr Opin Gastroenterol. 
2015;31(3):264-268. 29. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Hepatobiliary Cancers 
V.5.2021. © National Comprehensive Cancer Network, Inc. 2021. All rights reserved. Accessed December 14, 2021. To view the most recent and complete version 
of the guideline, go online to NCCN.org. 30. Wee A. Fine needle aspiration biopsy of malignant mass lesions in the liver: a revisit of diagnostic profiles and 
challenges. J Gastrointest Oncol. 2013;4(1):5-7.

The Incyte logo is a registered trademark of Incyte. 
© 2022, Incyte Corporation. MAT-ONC-00167  03/22

4

https://www.cancer.org/cancer/bile-duct-cancer/about/key-statistics.html#references
http://NCCN.org



Accessibility Report



		Filename: 

		MAT-ONC-00167_Expert_Opinion_Whitepaper_DIGITAL_Prepped.pdf






		Report created by: 

		M_526490


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 0


		Passed manually: 2


		Failed manually: 0


		Skipped: 2


		Passed: 28


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Passed manually		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Passed manually		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Skipped		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top


