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Overview

• �Advanced biliary tract cancers are a group of rare 
and aggressive malignancies with a poor prognosis.

• �The effectiveness of cytotoxic chemotherapy is 
modest in the second-line setting. Given this limited 
efficacy, molecularly matched therapies and clinical 
trials are preferred when available.

• �Up to 50% of intrahepatic cholangiocarcinomas 
have potentially actionable molecular alterations. 
Multiple targeted therapies have been approved for 
biliary tract cancers with FGFR2 rearrangements, 
IDH1 mutations, BRAF V600E mutations, NTRK 
fusions, and RET fusions, as well as immunotherapy 
for tumors that are mismatch repair–deficient/
microsatellite instability–high.

first-line standard of care in untreated metastatic BTC.5 
Additionally, early-phase data from the ongoing phase 
3 SWOG S1815 trial demonstrated improvements in 
median progression-free survival (PFS) and OS when 
nanoparticle albumin–bound paclitaxel, also known 
as nab-paclitaxel (Abraxane, Bristol Myers Squibb), is 
combined with gemcitabine/cisplatin.6 Despite these 
treatment advances, disease inevitably progresses during 
first-line therapy. The overall prognosis of patients with 
BTC remains poor, with a median OS of approximately 
12 months.7 In this review, we discuss the current 
landscape of second-line therapies, including cytotoxic 
chemotherapy, targeted therapy, and immunotherapy 
(Figure).

Cytotoxic Chemotherapy

5-Fluorouracil and Oxaliplatin 
Until recently, the benefit of second-line systemic 
therapy was unclear for patients with advanced BTC as 
much of the evidence was limited to small retrospective 
studies. The multicenter, open-label, randomized phase 
3 ABC-06 trial compared leucovorin, 5-fluorouracil 
(5-FU), and oxaliplatin (FOLFOX) plus active symptom 
control vs active symptom control alone in patients with 
metastatic or locally advanced BTC after progression on 
first-line gemcitabine/cisplatin (N=162). After a median 
follow-up of 21.7 months, the addition of FOLFOX to 
active symptom control led to a statistically significant, 
although modest, improvement in the primary endpoint 
of OS vs active symptom control alone (median OS, 6.2 
vs 5.3 months; adjusted hazard ratio [HR], 0.69; 95% 
CI, 0.50-0.97; P=.031). The 6-month OS rates (51% 
vs 36%) and 12-month OS rates (26% vs 11%) also 
were improved with the addition of FOLFOX to active 
symptom control. Of note, objective radiologic responses 
were observed in only 5% of the patients treated with 
FOLFOX. As expected, grade 3 adverse events occurred 
more often in the chemotherapy arm than in the control 
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Introduction

Biliary tract cancers (BTC), classified as intra
hepatic cholangiocarcinoma (ICC), extrahepatic 
cholangiocarcinoma (ECC), and gallbladder cancer 
(GBC) according to their anatomic origin, are a group 
of rare and aggressive malignancies.1 Although they 
currently account for just 3% of gastrointestinal cancers, 
their incidence is rising, particularly driven by an increase 
in cases of ICC.2 Approximately 10% to 40% of patients 
are eligible for surgical resection; however, even in this 
potentially curative setting, the risk for recurrence remains 
high.3 Unfortunately, most patients are diagnosed with 
unresectable or metastatic disease, where the cornerstone 
of treatment is palliative systemic therapy. For more than 
a decade, combination chemotherapy with gemcitabine 
and cisplatin was the standard-of-care first-line regimen.4 
The addition of durvalumab (Imfinzi, AstraZeneca) to 
gemcitabine/cisplatin improved overall survival (OS) by 
20% in comparison with gemcitabine/cisplatin alone in 
the phase 3 TOPAZ-1 trial, representing a possible new 
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arm (69% vs 52%), with the most common side effects 
being neutropenia, fatigue, and infection.8 Importantly, 
the addition of chemotherapy was not detrimental to 
patients’ quality of life (QOL). Some QOL scores were 
worse at 4 months than at baseline in the active symptom 
control–alone arm, whereas the scores were similar at 4 
months and at baseline in the FOLFOX arm, suggesting 
that the addition of chemotherapy helped in maintaining 
QOL.9 

Liposomal Irinotecan/5-FU and FOLFIRI 
Alternatives to FOLFOX are regimens containing 

liposomal or conventional irinotecan. The multicenter, 
randomized phase 2b NIFTY trial, conducted in South 
Korea, compared second-line liposomal irinotecan (nal-
IRI) plus 5-FU vs 5-FU alone in patients with metastatic 
BTC that had progressed after the use of gemcitabine/
cisplatin (N=174). The study met its primary endpoint of 
median PFS as assessed by blinded independent central 
review (BICR), which was longer in the combination arm 
than in the 5-FU–alone arm (7.1 vs 1.4 months; HR, 0.56; 
95% CI, 0.39-0.81; P=.0019). Notably, a discrepancy was 
found between the BICR-assessed median PFS and the 
investigator-reviewed median PFS, at 7.1 vs 3.9 months, 

Figure. Algorithm for the systemic treatment of advanced biliary tract cancers.
aInfigratinib will be withdrawn from the market in the first quarter of 2023.
bRecommended in the NCCN guidelines; not yet FDA-approved for advanced biliary tract cancer.

dMMR, mismatch repair–deficient; FOLFIRI, leucovorin, 5-FU, and irinotecan; FOLFOX, leucovorin, 5-FU, and oxaliplatin; 
5-FU, 5-fluorouracil; MSI-H, microsatellite instability–high; nal-IRI, liposomal irinotecan; TMB-H, tumor mutational burden–high. 
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respectively.10 In an updated analysis of this study that was 
presented at the European Society for Medical Oncology 
(ESMO) Congress 2022, the survival benefit with nal-
IRI/5-FU vs 5-FU alone was maintained, with a median 
OS of 8.6 vs 5.3 months, respectively (HR, 0.68; 95% CI, 
0.48-0.95; P=.02). However, because of the inconsistency 
between the BICR-assessed and investigator-reviewed 
median PFS in the initial NIFTY analysis, an updated 
analysis was performed by a different BICR team. The 
PFS results of the new BICR team were similar to the 
investigator-reviewed PFS results, at 4.2 vs 3.9 months, 
respectively.11 In contrast, the randomized phase 2 
NALIRICC trial of nal-IRI/5-FU vs 5-FU monotherapy 
did not meet its primary endpoint of improving PFS in 
patients with metastatic BTC previously treated with 
gemcitabine-based therapies (N=100).12 The disparate 
PFS outcomes in these 2 trials of nal-IRI/5-FU in the 
second-line setting have several possible explanations. 
First, the NIFTY trial enrolled only Asian patients. 
Second, the NALIRICC trial enrolled predominantly 
patients with ICC, whereas the NIFTY trial had more 
patients with ECC or GBC. Third, the dose of nal-IRI 
was higher in the NALIRICC trial than in the NIFTY 
study (80 vs 70 mg/m2), which likely explains the higher 
level of toxicity seen in the NALIRICC study. Also, 
it is important to note that unlike the ABC-06 trial of 
FOLFOX, the nal-IRI–based studies compared these 
regimens with an active treatment arm of 5-FU.

In reviewing the role of second-line leucovorin, 5-FU, 
and irinotecan (FOLFIRI), a randomized phase 2 study 
of patients with advanced BTC conducted in South Korea 
(N=118) evaluated FOLFIRI vs FOLFOX. Although the 
study failed to show that FOLFIRI significantly improved 
survival outcomes in comparison with FOLFOX, data 
from the trial suggest that second-line FOLFIRI and 
FOLFOX have comparable efficacy. Like other studies 
of FOLFOX and nal-IRI/5-FU, the trial confirmed that 
chemotherapy has only modest efficacy in the second-
line setting. Trial outcomes comparing FOLFOX vs 
FOLFIRI included similar median OS results (6.3 vs 5.7 
months), median PFS results (2.8 vs 2.1 months), and 
overall response rates (ORR; 5.9% vs 3.9%).13 On the 
basis of data from this collection of nal-IRI/5-FU and 
FOLFIRI studies, both regimens have received National 
Comprehensive Cancer Network (NCCN) category 2B 
recommendations for second-line therapy.14 

Targeted Therapy

The advent of tumor molecular profiling has facilitated the 
characterization of multiple recurrent genomic alterations 
in cholangiocarcinoma, including FGFR2 rearrangements 
and IDH1 mutations.1,15-17 Numerous groups have 

demonstrated that approximately 40% to 50% of ICC 
harbor actionable oncogenic alterations. Highlighting 
the importance of incorporating comprehensive genomic 
profiling into the clinical care of patients with advanced 
BTC, the survival of patients in the BTC subgroup of 
the MOSCATO-01 trial (n=43) who were treated with 
molecularly matched therapies had improved survival 
compared with those who received unmatched therapies 
(median OS, 17.0 vs 5.0 months; HR, 0.29; 95% CI, 
0.11-0.76; P=.008).18,19 

If feasible, we recommend biopsies for comprehensive 
genomic profiling at the time of advanced disease 
diagnosis to identify patients who are potential candidates 
for targeted therapies. Tissue-based testing is the most 
sensitive method, particularly in detecting alterations like 
translocations, although sometimes it may be difficult to 
obtain sufficient tumor tissue for analysis in BTC. Blood-
based testing with cell-free DNA has the advantage of 
being a less invasive method for the serial monitoring of 
tumor heterogeneity and genomic evolution with selective 
therapeutic pressure.20 Cell-free DNA can be helpful at 
the time of progression to investigate the mechanism of 
resistance to targeted therapy.

Mutational profiles in BTC are distinct depending 
on the anatomic location of the tumor. Although 
actionable genomic alterations are frequently seen 
in patients with ICC, targetable genomic alterations 
currently are only rarely observed in ECC and GBC. 
ICC is enriched with FGFR2 fusions/rearrangements and 
IDH1/2 mutations. ECC has an increased frequency of 
KRAS, TP53, PIK3CA, SMAD4, and ARID1A mutations 
and HER2/3 amplifications. Finally, GBC also has HER2 
amplification/overexpression and a lower frequency of 
TP53, KRAS, ARID1A, and PIK3CA mutations.16,21,22

FGFR2 Fusions or Rearrangements
Fibroblast growth factor receptor (FGFR) is a receptor 
tyrosine kinase that normally functions to regulate cellular 
growth, differentiation, proliferation, and survival via the 
activation of downstream cascades, including RAS/RAF/
MEK, PI3K/AKT, JAK/STAT, and other pathways.23  
FGFR2 signalling is aberrantly activated in approximately 
15% of cholangiocarcinomas, almost exclusively ICC, 
and is most commonly caused by oncogenic gene fusions 
or rearrangements in FGFR2.24 Other targetable FGFR2 
alterations include FGFR2 extracellular domain in-frame 
deletions, which occur in approximately 3.5% of ICC.17 
Targeting FGFR has therapeutic potential for patients 
with these genomic aberrations, and numerous agents 
have been approved or are under investigation.

Pemigatinib (Pemazyre, Incyte) is an oral small-
molecule pan-FGFR inhibitor. FIGHT-202 was a global, 
open-label, single-arm phase 2 study of pemigatinib 
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in patients with previously treated locally advanced or 
metastatic cholangiocarcinoma (N=147). Final analysis 
demonstrated a 37% ORR, a 9.1-month median duration 
of response (DOR), a 7.0-month median PFS, and a 
17.5-month median OS in patients with FGFR2 fusions/
rearrangements (n=108) treated with pemigatinib.25,26  
Patients with other FGF/FGFR alterations (n=20), 
primarily FGFR mutations or amplifications, failed 
to show a response to pemigatinib.25 Post hoc analysis 
of the FIGHT-202 trial verified that the median PFS 
in patients with FGFR2 fusions/rearrangements who 
received second-line pemigatinib was better than that of 
patients with FGFR2 fusions/rearrangements who had 
received second-line systemic therapy before enrolling 
in this study (PFS, 7.0 vs 4.2 months).27 These results 
led to US Food and Drug Administration (FDA) 
approval of pemigatinib in April 2020 for patients with 
advanced FGFR2 fusion–positive cholangiocarcinoma 
that had progressed on at least one line of systemic 
treatment, making it the first approved targeted therapy 
in cholangiocarcinoma.

Infigratinib (Truseltiq, Helsinn) is another oral pan-
FGFR inhibitor. Preliminary results of a single-arm phase 
2 trial showed a BICR ORR of 23% and a median DOR 
of 5.0 months in patients with previously treated FGFR2 
fusion–positive advanced cholangiocarcinoma (n=108). 
Median PFS was similar to that with pemigatinib, at 
7.3 months. Responses were more likely in patients 
treated in the second-line setting (ORR, 34%) than in 
the third-line or later setting (ORR, 13%) according to 
prespecified subgroup analyses.28 This FGFR-targeted 
therapy was also granted accelerated approval by the FDA 
for cholangiocarcinoma with FGFR2 fusions in May 
2021. However, infigratinib will be withdrawn from the 
market in the first quarter of 2023. A press release states 
the infigratinib is being discontinued for business reasons 
rather than for safety or efficacy concerns.29

The approved first-generation small-molecule 
inhibitors, pemigatinib and infigratinib, are considered 
pan-FGFR inhibitors because they non-selectively 
block FGFR1, 2, and 3. This characteristic leads to a 
spectrum of on- and off-target toxicities, limiting their 
dose intensity. Hyperphosphatemia is the most common 
adverse event with pan-FGFR inhibitors, related to 
inhibition of FGFR1 in the renal tubules, and was seen in 
60% (Common Terminology Criteria for Adverse Events 
[CTCAE] all grades; 0% grade >3) of patients in the 
FIGHT-202 trial. Patients with an increase in phosphate 
levels of more than 25% above baseline should follow 
a low-phosphorus diet. In addition to dietary changes, 
phosphate-lowering therapy should be considered in 
the setting of an elevated phosphate level of 7  mg/dL 
or greater. Adherence to these agents is a challenge; 

therefore, starting at the lowest possible dose and 
titrating upward as needed is recommended. Lanthanum 
carbonate is preferred over magnesium-based regimens or 
sevelamer because the latter exacerbates diarrhea, which 
can also be seen as an FGFR inhibitor–associated toxicity. 
Dose interruptions and reductions may be required if 
hyperphosphatemia persists despite dietary changes and 
phosphate binders. Other adverse events include ocular 
toxicities (eg, dry eyes, central serous retinopathy, retinal 
detachment) and dermatologic/mucosal side effects (eg, 
alopecia, stomatitis, palmar-plantar erythrodysesthesia).30 
Patients should have a baseline ophthalmologic 
examination before FGFR inhibition is initiated and 
undergo an immediate ophthalmologic evaluation in 
the event of vision changes. Central serous retinopathy 
is often reversible with discontinuation. For skin 
protection, patients should keep their skin moist, should 
use emollients, and may employ topical corticosteroids. 
Good oral hygiene, avoidance of spicy foods, and the use 
of mouthwash containing dexamethasone or lidocaine 
are helpful for stomatitis.

As with other targeted therapies, acquired resistance 
inevitably develops after treatment with reversible ATP-
competitive FGFR kinase inhibitors such as pemigatinib 
and infigratinib. Molecular analysis has revealed that most 
ICC that initially respond to FGFR inhibitors ultimately 
acquire resistance via polyclonal FGFR2 kinase domain 
mutations. Circulating tumor DNA is a potentially less 
invasive approach for monitoring these heterogeneous 
resistance mechanisms and capturing tumor evolution.31,32 
Notably, the irreversible, covalent pan-FGFR inhibitor 
futibatinib (Lytgobi, Taiho Oncology) can overcome 
some cases of acquired resistance due to FGFR2 kinase 
domain mutations.32 In addition to overcoming acquired 
resistance, futibatinib achieved an ORR of 42%, a median 
PFS of 8.9 months, and a median DOR of 9.7 months in 
patients with FGFR inhibitor–naive cholangiocarcinoma 
in the phase 2b FOENIX-CCA2 trial. This agent was the 
third FGFR inhibitor to be granted FDA approval, in 
September 2022.33 

Other pan-FGFR agents are currently under study. 
In interim results from the phase 2 FIDES-01 study 
of derazantinib in patients who had ICC with FGFR2 
mutations (78%), FGFR2 short variants (11%), and 
FGFR2 amplifications (11%)—molecular events not 
addressed by other FGFR inhibitors—the ORR was 
8.7% and the median PFS was 7.3 months.34 Erdafitinib 
(Balversa, Janssen) is a small-molecule tyrosine kinase 
inhibitor with activity against all four FGFR members 
and is FDA-approved in bladder cancer. Interim analysis 
of the RAGNAR study of erdafitinib in FGFR-positive 
(mutations or fusions) advanced refractory solid tumors 
confirmed an investigator-assessed ORR of 42% in 
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cholangiocarcinoma.35 
Finally, clinical trial data from next-generation 

FGFR inhibitors are beginning to emerge. RLY-4008 is an 
irreversible inhibitor that is highly selective for FGFR2. 
Because it has minimal activity against FGFR1, unlike the 
pan-FGFR inhibitors, hyperphosphatemia is much less 
common. Preliminary data from the phase 1/2 REFOCUS 
study of RLY-4008 demonstrated an ORR of 88% in 
patients with FGFR inhibitor–naive cholangiocarcinoma 
with FGFR2 fusions or rearrangements treated at the 
recommended phase 2 dose of 70 mg daily. Long-term 
efficacy and safety data are still pending.36 

Current data suggest that in comparison with FGFR2 
fusions, FGFR2 mutations are not very responsive to 
FGFR inhibitors, although ongoing studies are evaluating 
other targetable FGFR2 alterations. Some trials are testing 
the combination of FGFR2 inhibitors with cytotoxic 
chemotherapy in the first-line setting. The challenge 
with testing targeted therapies in patients with newly 
diagnosed disease is that molecular profiling is slow to 
produce results; however, this limitation may be overcome 
with blood-based genomic testing.

IDH1/2 Mutations
Isocitrate dehydrogenase 1 and 2 (IDH1 and IDH2) are 
metabolic enzymes that are mutated in approximately 
20% and 4% of ICC, respectively. Gain-of-function 
mutations in IDH1 and IDH2 lead to the production of 
the oncometabolite 2-hydroxyglutarate (2-HG), which 
results in epigenetic dysregulation, aberrant metabolism, 
and immune evasion.37 Ivosidenib (AG-120; Tibsovo, 
Agios Pharmaceuticals) is an oral small-molecule 
inhibitor of mutant IDH1 that is FDA-approved in 
IDH1-mutant acute myeloid leukemia. Final data from 
the multicenter, randomized phase 3 ClarIDHy trial 
displayed statistically significant improvement in PFS 
in a comparison of ivosidenib with placebo (median 
PFS, 2.7 vs 1.4 months; HR, 0.37; 95% CI, 0.25-0.54; 
P<.0001) in patients with previously treated unresectable 
or metastatic IDH1-mutant cholangiocarcinoma 
(N=185). Median OS was 10.3 months for ivosidenib vs 
7.5 months for placebo (HR, 0.79; 95% CI, 0.56-1.12; 
P=.09). After adjustment for the high rate of crossover to 
ivosidenib among patients in the placebo group at disease 
progression (71%), median OS with placebo was assessed 
as 5.1 months, indicating a statistically significant 
improvement in OS for ivosidenib in comparison with 
placebo (HR, 0.49; 95% CI, 0.34-0.70; P<.0001).38,39 
Notably, although objective radiologic responses are rare 
with ivosidenib, several patients in the phase 1 and 3 
trials had long-term stable disease, suggesting that this 
agent may be cytostatic in some cases. In terms of the side 
effect profile, ivosidenib can cause prolongation of the 

QTc interval but overall is well tolerated. On the basis of 
the ClarIDHy trial data, ivosidenib was approved by the 
FDA in August 2021 for cholangiocarcinoma with IDH1 
mutations. Although ivosidenib improves outcomes for 
this subset of patients, resistance invariably develops. 
Resistance to ivosidenib can be acquired through the 
development of genomic alterations such as oncogenic 
IDH2 mutations or secondary IDH1 mutations, which 
can restore the production of 2-HG.40 New IDH-
directed therapies with the potential to overcome these 
resistance mechanisms, including IDH305, LY3410738, 
and olutasidenib, are under investigation in early-phase 
trials in cholangiocarcinoma.41

Given the excellent toxicity profile of ivosidenib, 
it may be possible to combine it with other therapies. 
Trials combining ivosidenib with nivolumab (Opdivo, 
Bristol Myers Squibb; NCT04056910) and with first-
line standard-of-care chemotherapy (NCT04088188) are 
currently underway.

BRAF V600E Mutations
BRAF mutations, mostly commonly at p.V600E, are a 
strong activator of the RAS/RAF/MEK/ERK or MAPK 
pathway. The incidence of this mutation in BTC is low, 
at less than 5%, and the mutation is most often seen in 
ICC. Like BRAF V600E–mutated colorectal cancers, 
cholangiocarcinomas harboring BRAF V600E mutations 
have an aggressive biology, and the OS of these patients 
is decreased.17 The multicenter phase 2 ROAR basket 
trial evaluated the combination of dabrafenib (Tafinlar, 
Novartis; BRAF inhibitor) and trametinib (Mekinist, 
Novartis; MEK1/2 inhibitor) in advanced BRAF 
V600E–mutated cancers, including BTC. The ORR was 
51% and the median DOR and PFS were 9.0 months 
in patients with heavily pretreated BTC (n=43).42,43 
The FDA granted dabrafenib/trametinib tissue-agnostic 
accelerated approval in July 2022 for refractory advanced 
solid tumors, including BTC, with BRAF p.V600E 
mutations.

HER2 Amplification and Overexpression
Human epidermal growth factor receptor 2 (HER2) gene 
amplification and/or overexpression is seen in 5% to 20% 
of cases of GBC and ECC, with a relatively low incidence 
in non–liver fluke-associated cholangiocarcinoma.44,45  
In the open-label phase 2 MyPathway basket study 
of 39 patients with previously treated HER2-positive 
metastatic BTC (amplification, overexpression, or both), 
the combination of pertuzumab (Perjeta, Genentech) and 
trastuzumab (Enhertu, AstraZeneca) showed an ORR of 
23%, a median PFS of 4.0 months, and a median OS of 
10.9 months. This combination treatment was overall well 
tolerated and is now included in the NCCN guidelines as 
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a category 2A recommendation.46 
Other HER2-targeting therapies are currently under 

investigation. Zanidatamab, a bispecific HER2-targeted 
antibody, is being studied in the HERIZON-BTC-01 
trial and received FDA breakthrough therapy designation 
in November 2020. The HER2 antibody-drug conjugate 
(ADC) trastuzumab deruxtecan, also known as T-DXd, 
demonstrated a 36% ORR and a 5.1-month median PFS 
in the single-arm phase 2 HERB trial in Japanese patients 
with HER2-positive unresectable or recurrent BTC. A 
signal of response also occurred in HER2 low expressors, 
with 1 of these 8 patients having a partial response.47 
Neratinib (Nerlynx, Puma), a tyrosine kinase inhibitor 
targeting HER2 and endothelial growth factor receptor 
(EGFR), produced an ORR of 16% in HER2-mutant 
BTC (most commonly p.S310F and p.V777L) in the 
phase 2 SUMMIT basket trial. The PFS and OS of 2.8 
and 5.4 months, respectively, are comparable with those of 
standard-of-care cytotoxic chemotherapy.48  Other efforts 
to target HER2 amplification in BTC include a study 
combining trastuzumab with FOLFOX in gemcitabine/
cisplatin-refractory HER2-amplified BTC tumors. Nota-
bly, FOLFOX/trastuzumab had an ORR of 29% and a 
median PFS of 5.1 months in this population.49

NTRK Fusions
Neurotrophic receptor tyrosine kinase (NTRK) fusions are 
overall rare driver mutations, accounting for fewer than 
1% of BTC cases. Like many other targetable alterations 
in BTC, they are most often seen in ICC. The landmark 
study assessing the role of the TRK inhibitor larotrectinib 
(Vitrakvi, Loxo Oncology) showed an ORR of 75% with 
an acceptable safety profile in 55 NTRK-positive cancers, 
including 2 cases of cholangiocarcinoma.50 Analysis of 
three phase 1/2 trials (ALKA-372-001, STARTRK-1, 
STARTRK-2) of entrectinib (Rozlytrek, Genentech) 
in advanced NTRK-positive solid tumors, including 
1 cholangiocarcinoma, revealed an ORR of 57%.51 In 
2018, larotrectinib and entrectinib were among the first 
agents to receive tissue-agnostic FDA approval—in this 
case, for previously treated locally advanced or metastatic 
solid tumors with NTRK fusions.

RET Fusions
Another rare oncogenic fusion, usually seen in ICC, 
involves the RET receptor tyrosine kinase. The 
LIBRETTO-001 multicohort trial of the RET-specific 
inhibitor selpercatinib (Retevmo, Lilly) in patients 
previously treated or without satisfactory alternatives (2 
with cholangiocarcinoma) confirmed an ORR of 44% 
with a 25-month DOR.52 On the basis of these results, 
selpercatinib was FDA-approved in September 2022 for 
locally advanced or metastatic solid tumors harboring 

RET fusions, representing another step forward in 
precision oncology. Another highly potent and selective 
RET inhibitor, pralsetinib (Gavreto, Blueprint Medicines/
Genentech), was evaluated in the phase 1/2 ARROW 
study of advanced RET-altered solid tumors refractory 
to standard therapies. This trial demonstrated clinical 
responses in 2 of 3 patients who had cholangiocarcinoma, 
with an ORR of 57% and a median DOR of 12 months 
in all patients.53 Pralsetinib is currently approved only 
in RET-positive non–small cell lung cancer and thyroid 
cancer.

Immunotherapy

Immunotherapy agents, including immune checkpoint 
inhibitors, have revolutionized the treatment of many 
cancers over the last decade. Programmed death ligand 1 
(PD-L1) overexpression, mismatch repair deficiency, high 
microsatellite instability, and high tumor mutational burden 
(TMB-H) are considered to be important biomarkers of 
response to immunotherapy, although fewer than 5% of 
patients with BTC have these phenotypes.54,55 The phase 
2 KEYNOTE-158 study enrolled patients with mismatch 
repair–deficient (dMMR)/microsatellite instability–high 
(MSI-H) treatment-refractory noncolorectal advanced 
tumors, including 22 with dMMR cholangiocarcinoma. 
The ORR was 41% and the median DOR was not reached 
with the anti–PD-1 monoclonal antibody pembrolizumab 
(Keytruda, Merck).56 Pembrolizumab is FDA-approved for 
advanced solid tumors, including BTC, that are dMMR/
MSI-H or have a TMB of 10 mutations per megabase or 
higher. Of note, we do not recommend giving anti–PD-1 
monotherapy after progression on gemcitabine/cisplatin/
durvalumab.

Efforts to find novel immunotherapeutic strategies 
include future trials exploring combination immunotherapy 
regimens, including PD-1–directed therapy plus targeted 
therapies such as FGFR and IDH1 inhibitors.

Liver-Directed Therapies

Liver-directed therapies, including radiation therapy 
and trans-arterial radio-embolization (TARE), can 
play a role in the management of a subset of patients 
who have unresectable cholangiocarcinoma without 
extrahepatic disease. Although no randomized data are 
available, emerging data suggest that TARE has activity 
in unresectable, chemotherapy-refractory ICC.57 A 
cohort study of 2201 patients with metastatic ICC noted 
improved OS in the patients treated with chemotherapy 
plus liver-directed radiation or surgery.58 In the first-line 
setting, TARE in combination with chemotherapy is 
being studied in a phase 3 trial.59
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Conclusion

The advancement of genomic sequencing has made it 
possible to identify multiple recurrent molecular targets 
in cholangiocarcinoma, particularly ICC. Although 
cytotoxic chemotherapy has only modest efficacy in 
the second-line treatment of BTC, some patients 
can significantly benefit from targeted therapies and 
immunotherapy. The list of approved therapies and 
potentially targetable alterations (eg, KRAS G12C 
mutations, NRG1 fusions, PIK3CA mutations, and DNA 
damage repair gene mutations) is likely to continue to 
expand. We emphasize the importance of incorporating 
comprehensive tumor genotyping into routine clinical 
practice to identify patients with BTC who would benefit 
from molecularly matched therapies.
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