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Cholangiocarcinoma (CCA) is a rare and aggressive cancer, mostly diagnosed at advanced or metastatic stage, at which point 
systemic treatment represents the only therapeutic option. Chemotherapy has been the backbone of advanced CCA treatment. 
More recently, immunotherapy has changed the therapeutic landscape, as immune checkpoint inhibitors have yielded the first 
improvement in survival and currently, the addition of either durvalumab or pembrolizumab to standard of care cisplatin plus 
gemcitabine represents the new first-line treatment option. However, the use of immunotherapy in subsequent lines has not 
demonstrated its efficacy and therefore, it is not approved, except for pembrolizumab in the selected microsatellite instability-high  
population. In addition, advances in comprehensive genomic profiling have led to the identification of targetable genetic alterations, 
such as isocitrate dehydrogenase 1 (IDH1), fibroblast growth factor receptor 2 (FGFR2), human epidermal growth factor receptor 
2 (HER2), proto-oncogene B-Raf (BRAF), neurotrophic tropomyosin receptor kinase (NTRK), rearranged during transfection (RET), 
Kirsten rat sarcoma virus (KRAS), and mouse double minute 2 homolog (MDM2), thus favoring the development of a precision 
medicine approach in previously treated patients. Despite these advances, the use of molecularly driven agents is limited to a 
subgroup of patients. This review aims to provide an overview of the newly approved systemic therapies, the ongoing studies, and 
future research challenges in advanced CCA management. (J Liver Cancer 2024;24:155-170)
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INTRODUCTION

Cholangiocarcinoma (CCA) is a malignant tumor arising from 
the bile ducts and is anatomically divided into intrahepatic CCA 
(iCCA) and extrahepatic CCA (eCCA), which is further sub-
classified into peri-hilar and distal CCA.1,2 CCA is a rare can-
cer, accounting for 15% of all primary liver cancers and 3% of 
gastrointestinal malignancies, but its incidence and mortality are 
increasing worldwide.3,4 The most common risk factors for CCA 
development include conditions associated with biliary tract in-
flammation, such as primary sclerosing cholangitis, biliary cystic 
diseases, and calculi in the biliary tree, metabolic and endocrine 

disorders, viral hepatitis B and C, hepatobiliary fluke, as well as 
lifestyle factors including alcohol consumption, cigarette smok-
ing, and exposure to environmental pollutants.3 Specific genetic 
polymorphisms are also associated with an increased risk of de-
veloping CCA; however, CCA is generally sporadic and arises 
without well-defined risk factors. It usually develops insidiously, 
and early disease stages are not associated with specific symp-
toms. Surgery followed by adjuvant capecitabine is the only cu-
rative treatment but unfortunately, most patients experience lo-
cal or distance disease recurrence after surgery.5 Moreover, CCA 
is frequently diagnosed at a locally advanced or metastatic stage, 
at which point systemic therapy represents the backbone of 
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treatment.6,7 Historically, the ABC-02 trial defined the combi-
nation of cisplatin and gemcitabine as first-line standard of care, 
with a median overall survival (OS) of 11.7 months vs. 8.1 
months with single-agent gemcitabine (hazard ratio [HR], 0.64; 
95% confidence interval [CI], 0.52-0.80; P<0.001).8 The efficacy 
and tolerability of the combination was also confirmed by a Jap-
anese study and a subsequent metanalysis.9,10 Moreover, gem-
citabine plus S1 demonstrated non-inferiority to cisplatin plus 
gemcitabine.11

Intensification of chemotherapy is currently under evaluation 
and improved survival has been demonstrated with cisplatin and 
gemcitabine plus S1 vs. cisplatin and gemcitabine (median OS, 
13.5 vs. 12.6 months; HR, 0.79; 95% CI, 0.628-0.996; P=0.045).12 
Conversely, modified FOLFIRINOX was not found to be supe-
rior to standard of care chemotherapy.13 The phase III SWOG 
1815 study evaluating the addition of nab-paclitaxel to cisplatin 
plus gemcitabine did not demonstrate a statistically significant 
improvement in OS (14.0 vs. 12.7 months; HR, 0.93; 95%  
CI, 0.74-1.19; P=0.47).14

Recently, the ABC-07 study evaluating stereotactic body ra-
diotherapy and cisplatin plus gemcitabine in locally advanced in-
operable CCA, did not show an advantage in progression-free 
survival (PFS) over standard chemotherapy, even though dem-
onstrating a longer median OS and a better primary tumor con-
trol.15

In the second-line setting, the ABC-06 trial set FOLFOX as 
the recommended regimen, even though demonstrating only a 
modest OS benefit (median OS, 6.2 vs. 5.3 months; HR, 0.69; 
95% CI, 0.50-0.97; P=0.031).16 FOLFIRI showed comparable 
efficacy and tolerability to FOLFOX in a randomized phase II 
study.17 In a phase IIb Korean study, 5-fluorouracil (5-FU) plus 
nano-liposomal irinotecan showed improved median PFS vs. 
5-FU (7.1 vs. 1.4 months; HR, 0.56; 95% CI, 0.39-0.81; 
P=0.0019).18 However, in Western patients the combination of 
5-FU and irinotecan did not show a survival benefit over 5-FU 
alone and was associated with increased rate of adverse events.19

Considering the urgent need of new treatment options, the 
direction of research has been twofold: on the one hand, studies 
on the tumor microenvironment (TME) have provided the basis 
for the use of immunotherapy; on the other hand, advances in 
genomic profiling have led to the identification of druggable al-
terations and paved the way for targeted agents. In this review, 
we aim to provide an overview of the latest therapies and future 
directions for the treatment of patients with advanced CCA. 

IMMUNOTHERAPY FOR THE TREATMENT 
OF ADVANCED CHOLANGIOCARCINOMA

Immunotherapy has recently changed the treatment landscape 
of advanced CCA, as immune checkpoint inhibitors (ICIs) have 
yielded the first improvement in OS in the first-line setting after 
over a decade of chemotherapy-based systemic treatment.8

The preclinical rationale supporting the efficacy of immuno-
therapy in CCA lies in the characteristics of the TME, which 
consists of a dense desmoplastic stroma containing both nonim-
mune and immune cell types, such as cancer-associated fibro-
blasts and tumor-associated macrophages. Four TME-based 
molecular subtypes have been identified using 14 gene signa-
tures, corresponding to the primary cell populations and the ele-
ments involved in tumor-stroma interactions (Fig. 1). The ge-
nomic signatures suggest that the inflamed I2 immunogenic 
subtype responds to single-agent ICIs, as it overexpresses im-
mune checkpoints, while the other three subtypes require treat-
ment combinations that can induce sensitivity to immunothera-
py through their activity on the TME.20

ICIS IN CLINICAL PRACTICE

Pembrolizumab, an anti-programmed death-1 (PD-1) antibody, 
was the first ICI evaluated in advanced CCA. In the phase Ib 
KEYNOTE-028 trial including 24 patients with biliary tract 
cancer (BTC) (20 CCA), the objective response rate (ORR) was 
13%, with median PFS and OS of 1.8 (95% CI, 1.4-3.1) and  
5.7 months (95% CI, 3.1-9.8), respectively.21 Moreover, pembro-
lizumab was the first ICI approved for patients with pretreated 
microsatellite instability-high (MSI-H) advanced CCA, based 
on the results of the KEYNOTE-158 phase II basket trial. The 
study enrolled 351 patients with MSI-H tumors, including  
22 with CCA/BTC. After a median follow-up of 37.5 months, 
single-agent pembrolizumab yielded an ORR of 40.9% and a 
median duration of response (DOR) of 30.6 months (range, 
6.2-over 40.5). Median PFS was 4.2 months (95% CI, 2.1-24.9) 
and median OS was 19.4 months (95% CI, 6.5-not reached 
[NR]).22,23

Similarly, nivolumab was evaluated in previously treated pa-
tients with advanced CCA, reporting an ORR of 22%, a medi-
an PFS of 3.7 months (95% CI, 2.3-5.7) and median OS of 14.2 
months (95% CI, 6.0-NR).24

Despite these positive results, single-agent ICIs and combina-
torial ICIs strategies have shown only modest efficacy in un-
selected patients. Therefore, research has focused on combina-
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tions of systemic chemotherapies and ICIs.25,26

Preliminary encouraging data on the efficacy of chemoimmu-
notherapy in advanced CCA came from an open-label, single-
center phase II trial. The study initially evaluated the addition of 
durvalumab, an anti-programmed death ligand 1 (PD-L1) anti-
body, and tremelimumab, an anti-cytotoxic T-lymphocyte anti-
gen 4 (CTLA-4) antibody, starting from the second cycle of first- 
line chemotherapy. Following protocol amendment, patients 
were enrolled to receive cisplatin, gemcitabine and durvalumab 
with or without tremelimumab from the first cycle. Among 128 
enrolled patients, ORR was 72% in the chemotherapy plus dur-
valumab group, and 70% in the chemotherapy plus durvalumab 
and tremelimumab group. Median PFS was 11.8 months (95% 
CI, 6.9-16.6) with chemotherapy plus durvalumab, and 12.3 
months (95% CI, 9.3-15.2) with the addition of tremelimumab; 
median OS was 20.2 months (95% CI, 12.8-27.6) and 18.7 
months (95% CI, 14.1-23.2), respectively. High tumor muta-
tional burden (TMB) and baseline PD-L1 expression did not 
appear to influence outcomes.27

These promising results, coupled with a manageable safety 
profile, represented the basis for the TOPAZ-1 trial, which was 
the first phase III study that demonstrated a benefit in survival 
by adding durvalumab to standard of care chemotherapy with 
cisplatin and gemcitabine.28 Intravenously durvalumab/placebo 
was combined with cisplatin and gemcitabine and administered 

on a 21-day cycle for up to eight cycles, on day 1 of each cycle. 
Subsequently, 1,500 mg of durvalumab or placebo monotherapy 
was administered once every 4 weeks until progression or unac-
ceptable toxicity. Data from a preplanned interim analysis dem-
onstrated a benefit in PFS, with a median PFS of 7.2 months 
(95% CI, 6.7-7.4) with durvalumab vs. 5.7 months (95% CI,  
5.6-6.7) with placebo (HR, 0.75; 95% CI, 0.64-0.89; P=0.001).28 
At the updated analysis conducted after a median follow-up of 
23.4 months in the durvalumab arm and 22.4 months in the 
placebo arm, median OS was 12.9 months (95% CI, 11.6-14.1) 
with the experimental combination vs. 11.3 months (95% CI, 
10.1-12.5) with placebo (HR, 0.74; 95% CI, 0.63-0.87), with a 
12-month OS rate of 54.3% (95% CI, 48.8-59.4) and 47.2% 
(95% CI, 41.7-52.3), a 24-month OS rate of 23.6% (95% CI, 
18.7-28.9) and 11.5% (95% CI, 7.6-16.2), and a 36-month OS 
rate of 14.6% (95% CI, 11.0-18.6) and 6.9% (95% CI, 4.5-10.0), 
respectively.29 26% of participants in the experimental arm and 
19% in the control arm were long-term survivors, defined as pa-
tients who survived at least 18 months after randomization. 
Long-term survivors who received durvalumab had more fre-
quently recurrent disease at start of first-line systemic therapy; 
additionally, they more often had a carbohydrate antigen 19-9  
level of less than 500 U/mL, a carcinoembryonic antigen level of 
less than 5 ng/mL, and a neutrophil-to-lymphocyte ratio (NLR) 
of less than 3. Besides, long-term survivors had a higher ORR 

Figure 1. TME-based molecular subtypes. Created with BioRender.com. TME, tumor microenvironment; CCA, cholangiocarcinoma; HSC, 
hepatic stellate cell; ICI, immune checkpoint inhibitors.
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than patients in the intention-to-treat population: ORR was 
44% in the experimental arm and 34% in the control arm for 
long-term survivors, whereas it was 27% and 19% in the inten-
tion-to-treat population, respectively.29 Unfortunately, there are 
no predictive biomarkers. PD-L1 expression did not influence 
survival outcomes: the HR for OS with durvalumab was 0.79 
(95% CI, 0.61-1.00) among patients with a PD-L1 tumor area 
positivity (TAP) score of 1% or greater (≥1% tumor area occu-
pied by tumor and/or immune cells with PD-L1 staining at any 
intensity), while it was 0.86 (95% CI, 0.60-1.23) in patients with 
a TAP score less than 1%. As far as microsatellite status is con-
cerned, 46.9% of patients in the durvalumab arm and 48.8% in 
the control arm had microsatellite stable (MSS) tumors, and ap-
proximately 50% had an unknown status. Therefore, MSI-H 
could not be assessed as a predictive factor.

The most common adverse events (AEs) were anemia (48.2%), 
nausea (40.2%), constipation (32.2%), and neutropenia (31.7%). 
Grade 3-4 toxicity rates were comparable between the two treat-
ment groups (61% and 63%), suggesting that toxicity was largely 
due to chemotherapy.29 Moreover, there was no difference in 
time to deterioration or adjusted mean changes from baseline for 
global health status or quality of life (QoL), functioning, and 
symptoms between the two study arms.30

Two observational Italian studies confirmed the efficacy and 
safety of the combination of cisplatin, gemcitabine and dur-
valumab in a real-life setting. A prospective analysis conducted 
on 149 patients treated with chemoimmunotherapy showed a 
median OS of 12.9 months (95% CI, 10.9-12.9) and a median 
PFS of 8.9 months (95% CI, 7.4-11.7), with an ORR of 34.5%.31 
Another large retrospective study evaluating the benefit of add-
ing durvalumab to standard chemotherapy showed a statistically 
significant increase in both OS (HR, 0.63; 95% CI, 0.50-0.80; 
P=0.0002) and PFS (HR, 0.57; 95% CI, 0.47-0.70; P<0.0001).32 
Additionally, a German real-life retrospective observational 
study showed that patients beyond the inclusion criteria of the 
TOPAZ-1 trial, either due to comorbidities, poor performance 
status or having received previous chemo- or radiotherapy, had a 
similar benefit in terms of OS and PFS with chemoimmuno-
therapy, with a comparable toxicity profile.33

The KEYNOTE-966 phase III study provided further con-
firmation of the efficacy of chemoimmunotherapy for the treat-
ment of patients with advanced BTC.34 Two hundred mg of in-
travenous pembrolizumab or placebo was administered once ev-
ery 3 weeks, whereas intravenous cisplatin and gemcitabine were 
administered on days 1 and 8 of 21-day cycles. Pembrolizumab/
placebo was limited to 35 cycles, whereas cisplatin was limited 

to 8 cycles. Gemcitabine had no limit in the number of cycles. 
Pembrolizumab plus cisplatin and gemcitabine yielded a median 
OS of 12.7 months (95% CI, 11.5-13.6) vs. 10.9 months (95% 
CI, 9.9-11.6) with chemotherapy (HR, 0.83; 95% CI, 0.72-0.95; 
P=0.0034), with a 12- and 24-month OS rate of 52% (95% CI, 
47-56) and 25% (95% CI, 21-29), respectively. Subgroup analysis 
showed an OS benefit for both patients with PD-L1 combined 
positive score less than 1 (HR, 0.84; 95% CI, 0.62-1.14) and 
equal or greater than 1 (HR, 0.85; 95% CI, 0.72-1.00). As in the 
TOPAZ-1 trial, most patients had MSS tumors, therefore out-
comes by microsatellite status could not be assessed. However, 
although a benefit in median PFS was observed, it did not reach 
statistical significance: median PFS was 6.5 months (95% CI, 
5.7-6.9) in the experimental arm and 5.6 months (95% CI, 5.1-
6.6) in the control arm (HR, 0.86; 95% CI, 0.75-1.00; P=0.023). 
The ORR was 29% in both cohorts, even though the median 
DOR was 9.7 months (95% CI, 6.9-12.2) in the pembrolizumab 
arm vs. 6.9 months (95% CI, 5.7-8.2) in the placebo arm. After 
a median follow-up of 36.6 months, the OS (HR, 0.86; 95% CI, 
0.75-0.98) and PFS (HR, 0.85; 95% CI, 0.75-0.97) benefit was 
maintained.35 Treatment was well tolerated, and grade 3-4 tox-
icity rates were similar (70% and 69%); the most common grade 
3-4 treatment-related AEs (TRAEs) in the pembrolizumab arm 
were decreased neutrophil count (61%) and anemia (53%). There 
was no difference in terms of QoL between the study arms.34

Tables 1 and 2 summarize the results of these two clinical tri-
als compared to the historical ABC-02 study. Based on this da-
ta, the United States (US) Food and Drug Administration 
(FDA), the European Medicines Agency (EMA), and other 
regulatory agencies have approved both combinations for the 
first-line treatment of patients with advanced BTC.

Currently, there are no criteria that guide the choice between 
these two regimens. Therefore, treatment selection depends ex-
clusively on drug availability and approvals by national regulato-
ry agencies. 

OTHER TREATMENT COMBINATIONS WITH 
ICIS

ICIs have been and are currently being studied in combination 
with systemic therapies other than chemotherapy, such as anti-
vascular endothelial growth factor (VEGF) agents, tyrosine ki-
nase inhibitors (TKIs), and targeted agents, with the aim of in-
creasing treatment responses and widening the population that 
can benefit from immunotherapy. 

Anti-VEGF agents such as bevacizumab can increase re-
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sponses to PD-L1 inhibitors by inducing immune-permissive 
TME changes, such as the maturation of dendritic cells and the 
reduction in the activity of immunosuppressive cells, like regula-
tory T lymphocytes and myeloid-derived suppressor cells.36 The 
IMbrave151 trial was a multicenter, randomized, double-blind, 
placebo-controlled, non-comparative study that evaluated the 
addition of bevacizumab to first-line chemotherapy with cisplat-

in and gemcitabine plus the anti-PD-L1 atezolizumab. Median 
PFS was 8.35 months in the bevacizumab arm vs. 7.90 months 
in the placebo arm (HR, 0.67; 95% CI, 0.46-0.95), with a 
6-month PFS rate of 78% vs. 63%. Median OS was 14.9 vs.  
14.6 months (HR, 0.97; 95% CI, 0.64-1.47). ORR was 26.6% 
with the quadruplet regimen and 26.5% with the triplet regi-
men, with a median DOR of 10.28 months (95% CI, 6.7-16.7) 

Table 1. Key phase III trials of first-line chemotherapy with or without immunotherapy

Trial ABC-028 TOPAZ-128,29 KEYNOTE-96634

Treatment regimen Cis + gem for eight cycles Cis + gem + durva for eight cycles, 
followed by maintenance with 
durva

Cis + gem + pembro for eight cycles, 
followed by maintenance with 
pembro for 2 years + gem

Study population in the experimental arm 204 341* 533†

Age (years) 63.9 (32.8-81.9) 64 (20-84) 64 (57-71)

Intrahepatic cholangiocarcinoma NA 190 (55.7) 320 (60.0)

MSI-H (%) NA 0.9‡ 1§

OS (months) 11.7 (9.5-14.3) 12.9 (11.6-14.1) 12.7 (11.5-13.6)

HR (95% CI) 0.64 (0.52-0.80) 0.74 (0.63-0.87) 0.83 (0.72-0.95)

P-value <0.001 NR 0.0034

OS rate (%)

At 12 months NA 54.3 (48.8-59.4) 52 (47-56)

At 24 months NA 23.6 (18.7-28.9) 25 (21-29)

PFS (months) 8.0 (6.6-8.6) 7.2 (6.7-7.4) 6.5 (5.7-6.9)

HR (95% CI) 0.63 (0.5-0.77) 0.75 (0.64-0.89) 0.86 (0.75-1.00)

P-value <0.001 0.001 0.023

ORR per RECIST ver. 1.1 (%) 26.1 (NR) 27 (NR) 29 (25-33)

CR (%) 0.6 2 2

PR (%) 25.5 25 27

DCR (%) 81.4 85.3 75.0

DOR (months) NA 6.4 (4.6-17.2) 9.7 (6.9-12.2)

PD-L1 NA Expression did not enrich for benefit Expression did not enrich for benefit

Values are presented as number (%) or median (range) unless otherwise indicated.
Cis, cisplatin; gem, gemcitabine; durva, durvalumab; pembro, pembrolizumab; NA, not assessed; MSI-H, microsatellite instability-high; OS, overall survival; 
HR, hazard ratio; CI, confidence interval; NR, not reported; PFS, progression free survival; ORR, objective response rate; CR, complete response; PR, partial 
response; DCR, disease control rate; DOR, duration of response; PD-L1, programmed death ligand.
*Asians are 54.3%; †Asians are 46.0%; ‡52% missing; §18% missing.

Table 2. Safety profile across key phase III trials of first-line chemotherapy with or without immunotherapy

Trial
Any grade TRAEs  

(%)
G3-4 TRAEs  

(%)
TRAEs leading to treatment  

discontinuation (%)
Most common  

G3-4 TRAEs
G5  

TRAEs

ABC-028 NR 70.7 10.5 Decreased neutrophil count, fatigue, 
infections

NR

TOPAZ-128,29 93.0 61.0 9.0 Decreased neutrophil count, anemia, 
neutropenia

2

KEYNOTE-96634 93.0 70.0 19.0 (discontinued one or more study drugs)
3.0 (discontinued all study drugs)

Decreased neutrophil count, anemia, 
decreased platelet count

9

TRAE, treatment-related adverse event; G, grade; NR, not reported.
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and 6.18 months (95% CI, 4.3-6.7), respectively. At the explor-
atory biomarker analysis, patients with high expression of 
VEGF A and hepatocytes high gene signature had better PFS 
and OS with bevacizumab rather than with placebo. Moreover, 
patients with mutations of genes related to the phosphoinositide 
3-kinase/protein kinase B pathway had worse outcomes with at-
ezolizumab plus bevacizumab compared to those with a wild-
type profile.37,38

Lenvatinib is an oral multitargeted TKI, which has shown 
synergistic effect with anti-PD-1 agents in other cancer types 
including hepatocellular carcinoma, mainly due to its anti-VEGF 
receptor activity.39 LEAP-005 was an open-label, multi-cohort, 
phase II trial, evaluating lenvatinib plus pembrolizumab in pa-
tients with previously treated solid tumors, including 31 patients 
with BTC. ORR was 10%, and disease control rate (DCR) was 
68%, with a median DOR of 5.3 months (range, 2.1-6.2). Me-
dian PFS was 6.1 months (95% CI, 2.1-6.4) and median OS was 
8.6 months (95% CI, 5.6-NR). 48% of patients had grade 3-4 
TRAEs, the most common were hypertension (42%), dysphonia 
(39%), and diarrhea (32%).40 Similar results have been observed 
in the first-line setting with the combination of lenvatinib and 
other anti-PD-1 agents including tislelizumab, camrelizumab, 
and sintilimab.41

All these results are hypothesis-generating and contribute to 
shed light on the complex interactions between TME and can-
cer cells and on how responses to ICIs can be increased through 
TME immunomodulation, but would need further confirma-
tion in larger, global, phase III studies.

OPEN ISSUES AND FUTURE PERSPECTIVES

The results achieved with immunotherapy represent an essential 
step forward, considering the paucity of effective therapeutic op-
tions for patients with advanced CCA. Indeed, even though the 
median OS improvement yielded by the recently approved che-
moimmunotherapy regimens might seem modest, it is worth 
noting that the 12-month, 24-month, and 36-month OS rates 
are unprecedented, suggesting that there is a subset of patients 
that derives a prolonged benefit from ICIs.

However, the lack of predictive biomarkers that could help 
the identification of responders to immunotherapy still poses a 
crucial challenge. While the aforementioned TME-based clas-
sification of CCAs holds therapeutic implications, it cannot be 
easily implemented in routine clinical practice. Typically, TMB, 
PD-L1 expression and MSI-H status are used to guide access to 
immunotherapy. However, in CCA only the latter has demon-

strated predictive value in patients treated with single-agent 
ICIs, while TMB and PD-L1 expression are not predictive of 
response to treatment with ICIs. As approximately only 1.2% of 
CCAs are MSI-H, for the vast majority of patients the benefit 
of immunotherapy cannot be predicted.42

For this reason, current research aims to identify new bio-
markers that can help tailor treatment and more accurately select 
patients. Moreover, research has also been focusing on the de-
velopment of new immunotherapeutic strategies, including bi-
specific antibodies, bifunctional fusion proteins, tumor vaccines, 
adoptive cell therapy, and cytokine therapy (Fig. 2).

Bispecific antibodies are agents with two binding sites direct-
ed at two different antigens or epitopes. GEMINI-hepatobiliary 
(NCT05775159) is an ongoing phase II, open-label, uncon-
trolled trial, evaluating the addition of either rilvegostomig (an 
anti-PD-1 and anti-T cell immunoreceptor with immunoglobu-
lin and immunoreceptor tyrosine-based inhibitory motif do-
mains bispecific antibody) or volrustomig (an anti-PD-1 and an-
ti-CTLA-4 antibody) to cisplatin and gemcitabine as first-line 
therapy.

Bintrafusp alfa (M7824) is a first-in-class bifunctional fusion 
protein composed of an anti-PD-L1 antibody and the extracel-
lular domain of transforming growth factor-β receptor II. Sin-
gle-agent treatment showed an ORR of 20%, a median PFS of 
2.5 months (95% CI, 1.3-5.6) and a median OS of 12.7 months 
(95% CI, 6.7-15.7) in pretreated patients.43 Therefore, a phase II/
III study evaluating bintrafusp alfa in combination with cisplat-
in and gemcitabine in first line (NCT04066491) was opened 
but later discontinued. Of note, a review of the data conducted 
by the Independent Data Monitoring Committee stated that it 
seemed unlikely to meet the primary endpoint (OS).44

Further studies have tested multiple peptide vaccines directed 
against mucin 1 (MUC-1) and Wilms tumor protein 1, with 
unsatisfactory results.45,46 Messenger ribonucleic acid vaccines 
hold more promise, as they have demonstrated efficacy in other 
tumor types in combination with ICIs.47 Potential targets in 
CCA have already been identified in cluster of differentiation 
247, Fc gamma receptor Ia, and transformation/transcription 
domain associated protein, but prospective studies are needed to 
assess their efficacy.48

Adoptive cell therapy aims to increase T lymphocytes reactiv-
ity to tumor cells using patient-derived T lymphocytes that are 
expanded in vitro. Subsequently, cells can be administered back 
to the patient without undergoing any modifications (tumor-in-
filtrating lymphocytes [TILs]), or they can be engineered to ex-
press receptors that recognize tumor antigens (chimeric antigen 
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receptor T [CAR-T] cells). Evidence regarding the efficacy of 
TILs for the treatment of CCA is limited to the early-stage set-
ting, where a combined approach with a dendritic cell vaccine 
has shown effectiveness in 36 CCA patients who underwent sur-
gery.49 In the advanced setting, a phase II trial is currently ongo-
ing (NCT03801083). On the other hand, CAR-T cells have 
been used in patients with BTC overexpressing the epidermal 
growth factor receptor: one patient out of 17 achieved a com-
plete response (CR), whereas 10 patients had stable disease (SD), 

with a median PFS of 4.0 months. An ongoing trial is evaluat-
ing MUC-1 targeting CAR-T cells in patients with iCCA 
(NCT03633773).50

Lastly, there is preliminary evidence on the efficacy of cyto-
kine therapy: even though the application of cytokines has been 
limited due to their short half-lives and their toxicity profile, 
they can be used to promote the growth and activity of immune 
cells, either as single-agents or in combination with ICIs. It 
seems that granulocyte macrophage colony stimulating factor 

Figure 2. Novel immunotherapeutic approaches for the treatment of advanced CCA. (A) Bispecific antibodies have two binding domains 
that can bind to two different antigens or epitopes simultaneously. (B) Bintrafusp alfa is a first-in-class bifunctional fusion protein composed 
of the extracellular domain of the TGF-β receptor II, a so-called trap, fused to a human IgG1 anti-PD-L1 antibody. The trap binds to TGF-β, 
therefore blocking all the downstream pathways that promote immunosuppression, epithelial-mesenchymal transition of tumor cells, fi-
brosis and proliferation of cancer-associated fibroblasts, and neo-angiogenesis. Simultaneously, the interaction between the anti-PD-L1 
domain and the PD-L1 expressed on tumor cells promotes the activation of an immune response. (C) mRNA encoding tumor antigens are 
delivered as vaccines. The mRNA is taken up by dendritic cells, translated into the correspondent tumor antigen, then presented to T lym-
phocytes, thus inducing an immune response. (D) Adoptive cell therapy refers to two different approaches: TILs and CAR-T cells. TILs are 
extracted from the tumor microenvironment, expanded in vitro with IL-2 and feeder cells, then re-administered to the patient. They can in-
duce a cell-mediated immune reaction against cancer cells. CAR-Ts are T lymphocytes derived from the patient and engineered to express 
receptors that target specific tumor antigens. (E) Cytokines act as immunostimulatory agents, that promote the activation of DCs, NKs, and 
macrophages. Created with BioRender.com. DC, dendritic cell; NK, natural killer lymphocyte; TIL, tumor infiltrating lymphocytes; CAR-T, 
chimeric antigen receptor T; TC, tumor cell; TIGIT, T cell immunoreceptor with Ig and ITIM domains; PD-1, programmed death 1; CTLA-4, 
cytotoxic T-lymphocyte antigen 4; mRNA, messenger ribonucleic acid; MHC, major histocompatibility complex; PD-L1, programmed death 
ligand 1; TGF- β, transforming growth factor β; CCA, cholangiocarcinoma; Ig, immunoglobulin; ITIM, immunoreceptor tyrosine-based in-
hibitory motif.
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has synergistic effect with pembrolizumab. However, further 
studies are warranted.51

TARGETED THERAPY

Based on a precision medicine approach, the development of 
next generation sequencing technologies and molecularly driven 
agents has revolutionized the treatment landscape of many solid 
cancers, including CCA, and particularly iCCA. Around 40% 
of CCAs harbor a genetic alteration that is potentially drugga-
ble.52 Therefore, a molecular analysis should be carried in all pa-
tients diagnosed with CCA as early as possible, especially in ad-
vanced disease. The most common clinically relevant molecular 
alterations include isocitrate dehydrogenase 1 (IDH1) mutations 
(15-20%), fibroblast growth factor receptor 2 (FGFR2) fusions 
(10%), human epidermal growth factor receptor 2 (HER2) am-
plifications and mutations (5-10%), and proto-oncogene B-Raf 
(BRAF) mutations (3%). Other less frequent alterations involve 
rearranged during transfection (RET), neurotrophic tyrosine re-
ceptor kinase (NTRK), the Kirsten rat sarcoma virus (KRAS) 
G12C mutation, and mouse double minute 2 homolog (MDM2) 
amplifications.53 Table 3 reports the efficacy of the most com-
mon targeted agents evaluated in patients with pretreated, ad-
vanced CCA.

IDH1

IDH is a metabolic enzyme involved in cellular respiration. The 
most common gain-of-function mutations generally involve 
IDH1 (arginine 132), leading to abnormal enzymatic catalytic 
activity and increased D-2-hydroxyglutarate (D-2HG), an on-
cometabolite that blocks normal cell differentiation and pro-
motes tumorigenesis.52,54 IDH1 mutations are found in 14.3% of 
iCCA.53

Prognosis in mutant IDH (mIDH) patients with CCA is not 
well characterized. Even though in a retrospective multicentric 
analysis, they had a significantly longer median OS (21.2 vs. 10.5 
months; P<0.01), in another retrospective analysis evaluating the 
impact of IDH1 in patients with iCCA after first-line therapies, 
the mutation was identified as an independent negative prognostic 
factor for OS (HR, 1.7; 95% CI, 1.1-2.7; P=0.0256).55,56

Ivosidenib is an oral inhibitor of mIDH1. In a phase I dose-
escalation and expansion trial, heavily pretreated patients diag-
nosed with mIDH1 CCA achieved a median PFS of 3.8 months 
(95% CI, 3.6-7.3) and a median OS of 13.8 months (95% CI, 
11.1-29.3). The ORR was 5% and four patients (5%) achieved a 
partial response (PR). The most common treatment-emergent 
AEs (TEAEs) were fatigue (43%), nausea (34%), and diarrhea 
(32%), whereas electrocardiogram QT interval prolongation, an 
ivosidenib-related AE of special interest, was reported in 11% of 
patients.57

Table 3. Efficacy of the most common targeted agents evaluated in pretreated advanced CCA

Gene Type of alteration Frequency (%) Drug Phase of trial ORR (%) DCR (%)
Median PFS 

(months)
Median OS 

(months)

IDH1 Mutation 15-20 Ivosidenib58 III 2.0 53.0 2.7 10.3

FGFR2 Rearrangement 10 Pemigatinib67,68 II 37.0 82.4 7.0

Futibatinib71 II 42.0 83.0 9.0 17.5

Infigratinib75,76 II 23.1 84.3 7.3 21.7

Derazantinib79 II 20.7 82.8 5.7 12.2

HER2 Amplification 5-10 Trastuzumab + pertuzumab87 II 23.0 51.0 4.0 NR

Zanidatamab89 IIb 41.3 68.8 5.5

Trastuzumab deruxtecan91 II 22.0 65.9 4.6

BRAF Mutation 3 Dabrafenib + trametinib95 II 53.0 NA 9.0 13.5

NTRK Rearrangement 1 Entrectinib97 I/II 57.0 NA 11.2 21.0

Larotrectinib98 I/II 79.0 NA 28.3 44.4

RET Rearrangement 1 Pralsetinib99 I/II 57.0 83.0 7.4 23.5

Selpercatinib100 I/II 43.9 NA 13.2 NA

KRAS Mutation 1 Adagrasib101 II 41.7 91.7 8.6 15.1

CCA, cholangiocarcinoma; ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival; OS, overall survival; IDH1, isocitrate 
dehydrogenase 1; FGFR2, fibroblast growth factor receptor 2; NR, not reached; HER2, human epidermal growth factor receptor 2; BRAF, proto-oncogene B-
Raf; NA, not available; NTRK, neurotrophic tropomyosin receptor kinase; RET, rearranged during transfection; KRAS, Kirsten rat sarcoma virus.
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The subsequent phase III ClarIDHy study evaluated ivo-
sidenib vs. placebo as second- or third-line treatment.58 70.5% of 
patients in the placebo arm crossed over to ivosidenib at radio-
graphic disease progression. Median treatment duration was 2.8 
months (95% CI, 0.1-34.4) with ivosidenib and 1.6 months (95% 
CI, 0.0-6.9) with placebo. Median treatment duration with ivo-
sidenib after crossover was 2.7 months (95% CI, 0.3-29.8). At the 
updated final analysis, median PFS was statistically significant 
longer in the ivosidenib group (2.7 vs. 1.4 months [HR, 0.37; 
95% CI, 0.25-0.54; P<0.0001]). DCR was 53% vs. 28%, where-
as ORR was 2% (51% SD). Median OS was 10.3 vs. 7.5 months 
(HR, 0.79; 95% CI, 0.56-1.12) with a 12-month OS rate of 43% 
in the experimental arm. Median OS after adjustment for cross-
over in the placebo arm was 5.1 months, leading to a statistically 
significant OS advantage for ivosidenib (HR, 0.49; 95% CI, 
0.34-0.70; P<0.0001). The most common any-grade TEAEs 
were nausea (42%), diarrhea (35%), and fatigue (31%). The most 
common grade 3 or higher TEAEs were ascites (9%), anemia 
(7%), and blood bilirubin increased (5%). QT interval prolonga-
tion of any grade was reported in 10% of patients. The QoL as-
sessment according to the EORTC QLQ-C30 and the disease-
specific EORTC QLQ-BIL21 scores favored ivosidenib, with 
preservation of physical and emotional functioning.59 Moreover, 
all quantitative risk-benefit analyses demonstrated positive re-
sults, supporting ivosidenib vs. placebo.60 In addition, in a post-
hoc analysis evaluating circulating tumor DNA, higher mIDH1 
plasma level was associated with shorter PFS, whereas mIDH1 
plasma clearance resulted in longer PFS, thus strengthening the 
application of liquid biopsy in this setting.61

Based on these results, ivosidenib obtained the US FDA and 
EMA approval for patients with locally advanced/metastatic 
mIDH1 CCA, who received at least one line of systemic treat-
ment.

In a real-life, Italian experience, ivosidenib was administered 
as second- or third-line treatment in 11 patients. After a median 
follow-up of 13.7 months, median PFS was 4.4 months (95% 
CI, 2.0-5.8), and median OS was 15.0 months (95% CI, 6.6-
15.0).56,62 No grade 3 or higher AEs were reported, with two pa-
tients experiencing grade 2 prolonged QT interval and hypo-
magnesemia.

Mechanisms of resistance to ivosidenib and strategies to over-
come resistance are poorly understood. In two patients enrolled 
in the dose expansion of the phase I trial of ivosidenib in solid 
tumors, resistance was associated to the acquisition of an onco-
genic IDH2 mutation and the development of a secondary IDH1 
mutation, suggesting that additional sequential therapeutic 

agents targeting mutant IDH can overcome resistance and are 
worth of investigation.63,64

FGFR

FGFRs consist of four transmembrane receptors (FGFR1-4), 
with an extracellular structure for the ligand and an intracellular 
tyrosine kinase domain. FGFR activation leads to the recruit-
ment of signaling proteins controlling cell proliferation, migra-
tion and survival. The involved signaling pathways include phos-
pholipase C-mediated activation of protein kinase C, phosphati-
dylinositol 3-kinase (PI3K), mitogen-activated protein kinase, 
and the Janus kinase/signal transducers and activators of tran-
scription.

FGFR alterations mostly involve the gene coding for FGFR2, 
with rearrangements and fusions representing the most common 
alterations.65,66 In around 30% of rearrangements, BICC1 pro-
tein is reported to be the fusion gene partner.

The oral inhibitor pemigatinib has been administered in pre-
viously treated patients with metastatic or unresectable CCA in 
the phase II FIGHT-202 study.67 Cohort A included patients 
with FGFR2 fusions or rearrangements, whereas cohort B and 
C included patients with other FGFR2 alterations and none, re-
spectively. In the updated analysis, ORR was 37.0% in cohort A, 
with three CRs and 37 PRs.68 Median DOR was 9.1 months, 
whereas median OS and PFS were 17.5 months (95% CI, 14.4-
22.9) and 7.0 months (95% CI, 6.1-10.5), respectively. Median 
OS was 6.7 months (95% CI, 2.1-10.6) in cohort B and 4.0 
months (95% CI, 2.0-4.6) in cohort C. However, none of the 
patients in both cohorts reported a response. The most common 
TRAEs included hyperphosphatemia (53.7%), alopecia (46.3%), 
and diarrhea (36.1%), while the most frequent grade 3 or higher 
TRAEs were hypophosphatemia (8.8%), stomatitis (6.1%), and 
arthralgia (4.1%). There were no grade 3 or higher cases of hy-
perphosphatemia. Six patients (4%) experienced serous retinal 
detachment because of subretinal fluid accumulation, suggesting 
ophthalmological monitoring during treatment. Based on the 
positive results of the study, pemigatinib received the US FDA, 
EMA, and other regulatory agencies approval for patients with 
metastatic or unresectable CCA previously treated with at least 
one line of systemic treatment and harboring FGFR2 gene fu-
sions or rearrangements. The phase III FIGHT-302 is currently 
evaluating the efficacy of first-line pemigatinib vs. cisplatin plus 
gemcitabine in patients with FGFR2 fusion-positive CCA.69

In the retrospective observational PEMI-BIL PEMI-REAL 
study evaluating pemigatinib as second- or further line treat-
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ment, median PFS was 8.7 months (95% CI, 7.3-11.8), and me-
dian OS was 17.1 months (95% CI, 12.7-NR). ORR was 45.8% 
with a DCR of 84.7% and median DOR of 7.0 months (95% 
CI, 5.8-9.3).70

Futibatinib, an irreversible, highly selective FGFR1-4 inhibi-
tor, was evaluated in the phase II FOENIX-CCA2 trial. The 
ORR was 42% including one CR, with a median DOR of  
9.7 months (95% CI, 7.6-10.4) and a DCR of 83%. Median PFS 
was 9.0 months (95% CI, 6.9-13.1), and median OS was 21.7 
months (95% CI, 14.5-NR), with a 12-month OS rate of 72%. 
The most common any-grade TRAEs were hyperphosphatemia 
(85%), alopecia (33%), and dry mouth (30%). Interestingly, futi-
batinib has demonstrated its efficacy also in patients who had al-
ready received an FGFR inhibitor, suggesting that it might 
overcome some mechanisms of resistance.71 In a post-hoc analysis 
of the FOENIX-CCA2 trial, patients with confirmed response 
to futibatinib had numerically longer PFS and OS.72 First-line 
use of futibatinib was under investigation vs. standard chemo-
therapy with gemcitabine and cisplatin in the multicenter, open-
label, randomized phase III FOENIX-CCA3 trial.73 However, 
the study has been closed due to slow patient accrual. FOENIX-
CCA4 is evaluating different doses of futibatinib (20 vs. 16 mg) 
in pretreated patients with FGFR2 fusion-positive CCA.74

In a single-arm phase II study, the FGFR inhibitor infigra-
tinib was evaluated in gemcitabine-pretreated patients with FG-
FR2 fusions or rearrangements (cohort 1).75,76 ORR was 23.1% 
(one CR, 24 PR), DCR was 84.3%, with a median DOR of  
5.0 months. Patients who received only one previous line of 
treatment had an ORR of 34%, whereas patients who pro-
gressed on two or more lines of treatment had an ORR of 
13.8%. Median PFS and OS were 7.3 months (95% CI, 5.6-7.6) 
and 12.2 months (95% CI, 10.7-14.9), respectively. The most 
common any grade TRAEs were hyperphosphatemia (74%), 
stomatitis (51%), fatigue (29%). On the basis of these results, in-
figratinib obtained accelerated approval by the US FDA. The 
subsequent phase III PROOF 301 evaluating first-line infigra-
tinib vs. cisplatin plus gemcitabine showed initial efficacy. How-
ever, it was early discontinued because of poor accrual and on 
May 16, 2024, the US FDA announced the withdrawal of the 
approval of infigratinib, as requested by the sponsor.77,78

Derazantinib, an oral reversible FGFR1-3 inhibitor, was eval-
uated in a phase I/II study enrolling pretreated patients with 
FGFR2 fusion-positive iCCA.79 The ORR was 20.7%, with 
17.2% SD. Median DOR was 4.6 months, with a DCR of 
82.8%. Median PFS was 5.7 months (95% CI, 4.0-9.2), whereas 
median OS was NR. The most common TRAEs were hyper-

phosphatemia (75.9%), fatigue (69.0%), and eye toxicity (41.4%). 
In the phase II FIDES-01 study evaluating derazantinib in pa-
tients with FGFR2 fusion-positive CCA, ORR was 22.3%, 
DCR was 75.7% and median DOR was 6.4 months. Median 
PFS and median OS were 7.8 months and 17.2 months, respec-
tively. In cohort 2, including patients with FGFR2 mutations/
amplifications, ORR was 6.8%, whereas median PFS and OS 
were 8.3 months and 15.9 months, respectively. The most com-
mon TRAEs were hyperphosphatemia (35%), fatigue (33%), 
and nausea (32%).80

Erdafitinib has been studied in an Asian phase IIa study en-
rolling patients with advanced CCA and FGFR alterations. At 
the updated analysis, ORR was 40.9% (4.5% CR and 36.4% 
PR). Median DOR was 7.3 months (95% CI, 3.7-17.5), median 
PFS was 5.6 months (95% CI, 3.6-12.7), and median OS was 
40.2 months (95% CI, 9.9-NR). The most common all-grade 
TEAEs were dry mouth (68.2%), stomatitis (63.6%), alanine 
aminotransferase (ALT) increased (50.0%).81 In the phase II 
RAGNAR study evaluating erdafinitib in patients with FG-
FR1-4 alterations (mutations or fusions), after a median follow-
up of 17.9 months (interquartile range, 13.6-23.9), median DOR 
was 6.9 months (95% CI, 4.4-7.1), whereas median PFS and 
median OS were 4.2 months (95% CI, 4.1-5.5) and 10.7 months 
(95% CI, 8.7-12.1), respectively.82

In the ReFocus phase I/II trial, the highly selective FGFR2 
inhibitors lirafugratinib (RLY-4008) was evaluated in patients 
with unresectable or metastatic CCA harboring an FGFR2 al-
teration. Of note, 50% of patients received prior treatment with 
an FGFR inhibitor. Among the FGFR inhibitor-naïve cohort, 
tumor reduction was reported in 92% of patients, whereas it was 
70% in the FGFR inhibitor-refractory one. In the dose-expan-
sion phase, the ORR was 88.2% among FGFR inhibitor-naïve 
patients with a median time to response of 1.8 months. The 
most common TRAEs were low-grade palmar-plantar erythro-
dysesthesia (57%), stomatitis (56%), and dry mouth (38%).83

The efficacy of FGFR inhibitors is limited by primary and ac-
quired resistance. Primary resistance is generally associated with 
concurrent mutations, including IDH1, PIK3CA. Acquired re-
sistance is related to the development of mutations in the FGFR 
kinase domain, resulting in constitutive receptor activation.84 
The TKI tinengotinib has a unique FGFR-binding mechanism 
that can help to overcome acquired resistance. In a phase II 
study, tinengotinib was administered in four different cohorts of 
patients with advanced, pretreated CCA: A1, patients with FG-
FR2 fusions and primary progression on previous FGFR inhibi-
tor; A2, patients with FGFR2 fusions and disease progression 
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after prior response to FGFR inhibitor; B, patients with FGFR 
alterations other than fusions; C, patients with wild-type FG-
FR. Of note, 80% of patients were pretreated with an FGFR-
inhibitor. ORR was 9.1% in cohort A1, 37.5% in cohort A2, 
33.3% in cohort B, and 0% in cohort C. DCR was 94.7% in co-
horts A1 and A2, 88.9% in cohort B, and 75% in cohort C. Me-
dian PFS was 5.26 (95% CI, 2.86-9.10), 5.98 (95% CI, 1.87-
NR), and 3.84 months (95% CI, 1.84-4.80), respectively. The 
most common TRAEs were hypertension (25%), palmar-plan-
tar erythrodysesthesia (6.3%) and diarrhea (6.3%). Currently, 
the phase III FIRST-308 trial is evaluating the safety and effi-
cacy of tinengotinib vs. investigator’s choice chemotherapy 
(FOLFOX or FOLFIRI) in patients with advanced CCA who 
received at least two previous lines of systemic treatment, in-
cluding chemotherapy and FGFR-inhibitor.85 Moreover, in or-
der to overcome resistance, the use of combination strategies ei-
ther with chemotherapy or immunotherapy is currently under 
investigation (NCT05174650). Preliminary attempts in un-
selected populations have led to promising results: in a phase I/II 
trial conducted in an all-Chinese population (nine patients, 
eight with CCA), the combination of tinengotinib and atezoli-
zumab was well-tolerated and yielded an ORR of 33.3%.86

HER2

HER2 is considered a predictive biomarker and a promising tar-
get for molecularly driven therapy in BTC. HER2 overexpres-
sion and amplifications are most commonly found in eCCA and 
gallbladder cancer (GBC) (20%) rather than iCCA (5-10%). In 
a systematic review and meta-analysis, the overall HER2 ex-
pression rate was 26.5%, HER2 overexpression rate was 19.9% 
in eCCA, whereas it was 4.8% in iCCA. Moreover, HER2 ex-
pression seems more prevalent in Asian (28.4%) than Western 
patients (19.7%).87 In a Japanese study, 454 BTC cases were ana-
lyzed in order to assess HER2 positivity, the rate of which was 
3.7% in iCCA, 3% in perihilar CCA, 18.5% in distal CCA, and 
31.3% in GBC.88

The multicenter phase II MyPathway basket trial evaluated 
trastuzumab and pertuzumab in 39 patients with advanced 
BTC (14 CCA). ORR and DCR were 23% and 51%, respec-
tively, median DOR was 10.8 months. Median PFS was 4.0 
months. The most common any-grade TRAEs were diarrhea 
(26%), ALT increased (10%) and aspartate transaminase in-
creased (10%). 8% of grade 3-4 TRAEs were reported and were 
mostly laboratory findings.89 The combination of trastuzumab 
and FOLFOX has been evaluated in a Korean phase II trial as 

second- or third-line treatment. The ORR was 29.4%, the DCR 
was 79.4%, whereas median PFS and OS were 5.1 (95% CI, 3.6-
6.7) and 10.7 months (95% CI, 7.9-NR), respectively. The most 
common grade 3-4 TRAEs were neutropenia, anemia, and 
neuropathy.90 Currently, the phase Ib/II HERBOT trial is eval-
uating trastuzumab, gemcitabine, cisplatin and nivolumab as 
first-line systemic treatment in patients diagnosed with ad-
vanced HER2-positive BTC (NCT05749900). Zanidatamab is 
a bispecific antibody binding the two epitopes of HER2 target-
ed by trastuzumab and pertuzumab. In a phase I study, the 
ORR was 40% and it also included patients pretreated with an 
anti-HER2 agent.91 In the phase IIb HERIZON-BTC-01 tri-
al, zanidatamab showed an ORR of 41.3%, with a DRR of 
68.8% and a median DOR of 12.9 months (95% CI, 6.0-NR). 
Median PFS was 5.5 months (95% CI, 3.7-7.2) and 9-month 
OS rate was 69.9%. Grade 3 TRAEs were reported in 18% of 
patients, mostly represented by diarrhea, decreased ejection frac-
tion and anemia.92 Zanidatamab plus cisplatin and gemcitabine 
with or without a PD-1/PD-L1 inhibitor is currently under in-
vestigation as first-line treatment in a phase III trial (NCT06 
282575).

Trastuzumab deruxtecan (T-DXd) is a HER2-directed anti-
body-drug conjugate, composed of an anti-HER2 monoclonal 
antibody, a cleavable tetrapeptide-based linker and a topoisom-
erase I inhibitor. It was evaluated in the phase II HERB trial, 
which included patients with unresectable or recurrent BTC. In 
patients with immunohistochemistry (IHC) status 3+ and 2+ 
(HER2-positive patients), ORR was 36.4%, DCR was 81.8%, 
median PFS was 4.2 months (95% CI, 1.3-6.2), and median OS 
was 8.9 months (95% CI, 3.0-12.8).93 T-DXd was further stud-
ied in the phase II DESTINY-PanTumor02 trial across seven 
tumor cohorts. In BTC cohort, ORR was 22.0%, DCR was 
65.9%. Median PFS and OS was 4.6 (95% CI, 3.1-6.0) and 7.0 
months (95% CI, 4.6-10.2), respectively. Patients with IHC 3+ 
showed more favorable results with T-Dxd than patients with 
IHC 2+ (ORR, 56.3%; median OS, 12.4 months).94 Currently, 
the phase III DESTINY-BTC01 study of is testing T-DXd and 
rilvegostomig vs. standard of care as first-line treatment in pa-
tients with advanced HER2-expressing BTC (NCT06467357).

Similarly, the combination of the TKI tucatinib and trastu-
zumab showed clinically significant antitumor activity (ORR, 
46.7%; DCR, 76.7%).95 Trastuzumab plus chemotherapy 
(FOLFOX) has also been evaluated, showing an ORR of 29.4% 
and DCR of 79.4%.96 In another phase II basket trial evaluating 
the pan-HER TKI neratinib, the ORR was 12% with a good 
safety profile in patients with BTC harboring HER2 somatic 
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mutation.97

Resistance might be related to insufficient HER2 expression, 
low HER2 gene copy number, concurrent mutations.

BRAF

BRAF gene mutations are rare in CCA and are mostly found in 
iCCA. The encoded protein upregulates the RAF-MEK-ERK 
pathway, thus favoring tumorigenesis. The combination of dab-
rafenib and trametinib was evaluated in the phase II basket 
ROAR trial, across different cancers harboring a BRAF V600E 
mutation. In BTC cohort, The ORR was 53%, with all PRs, 
and the median DOR was 8.9 months (95% CI, 5.6-13.7). Me-
dian PFS and OS were 9.0 (95% CI, 5.5-9.4) and 13.5 (95% CI, 
10.4-17.6), respectively. The most common TRAEs were pyrex-
ia (48.8%), rash (25.6%), and fatigue (23.3%).98 In a cohort of pa-
tients with solid BRAF mutant tumors, including two patients 
with CCA, cobimetinib plus vemurafenib showed an ORR of 
57% and DCR of 68%.99

OTHER ALTERATIONS

NTRK fusions are associated with the activation of an oncogen-
ic pathway that promotes cell transformation, growth, and pro-
liferation. Even though NTRK fusions are rare in CCA (<1%), 
two oral NTRK inhibitors (entrectinib and larotrectinib) are cu- 
rrently available. In a phase I/II basket study, entrectinib showed 
an ORR of 57%, with 7% of CRs.100 Larotrectinib demonstrat-
ed an ORR of 79%, with 16% of CRs. Considering these re-
sults, entrectinib and larotrectinib have obtained the US FDA, 
EMA, and other regulatory agencies tumor-agnostic approv-
al.101

Similarly, RET fusions act as oncogenic drivers in various sol-
id tumors. The phase I/II study evaluating pralsetinib in non-
thyroid and nonnon-small cell lung cancer patients showed good 
efficacy (ORR, 57%) as well as manageable toxicity.102 Likewise, 
selpercatinib has shown promising results in the phase I/II LI-
BRETTO-001 basket trial, yielding an ORR of 43.9%.103 
However, both studies enrolled very few patients with BTC 
(three and two, respectively), and only selpercatinib is a viable 
option, as it has received the US FDA approval in the tumor-
agnostic setting.

The KRAS G12C mutation, although rare in patients with 
CCA, is worth investigating: in the KRISTAL-1 phase II bas-
ket trial, among 12 patients with pretreated BTC receiving adag-
rasib, ORR was 41.7%, median PFS was 8.6 months (95% CI, 

2.7-11.3) and median OS was 15.1 months (95% CI, 8.6-NR).104 
No regulatory entity has approved adagrasib in this setting yet, 
however enrollment of this specific group of patients in clinical 
trials should be encouraged, considering these promising results.

Lastly, MDM2 amplifications are uncommon and have only 
recently become of interest. MDM2 is a negative regulator of 
p53, which acts by inhibiting its transcriptional activity and pro-
moting its degradation. In patients with wild-type tumor pro-
tein 53 (TP53), blocking the interaction between these two pro-
teins restores the proapoptotic function of p53. This is the mech-
anism of action of brigimadlin, which has been evaluated both 
as single-agent (NCT03449381) and in combination with the 
anti-PD-1 antibody ezabenlimab (NCT03964233) in two dif-
ferent phase Ia/Ib trials. Across the two studies, among 16 pa-
tients with BTC, seven (three in the monotherapy study and 
four in the combination one) achieved a PR, while seven (five 
treated with single-agent brigimadlin and two with the combi-
nation treatment) had a SD. The safety profile was manageable, 
with nausea being the most common TRAE.105 Based on these 
results, a phase IIa/IIb trial of single-agent brigimadlin in ad-
vanced BTC, pancreatic ductal adenocarcinoma and other solid 
tumors is ongoing (Brightline-2, NCT05512377).

OPEN ISSUES 

While targeted therapy has widened the therapeutic landscape 
for patients with druggable alterations, there are still unan-
swered questions.

In the MOSCATO-01 trial, a longer OS was achieved in the 
subgroup of patients receiving a targeted therapy compared to 
those receiving unselected treatment.106 However, despite the 
identification of a potentially druggable alteration, there is no 
certainty of therapeutic success, and this could be related to ei-
ther co-mutations or intrinsic resistance.53 Studies on genomic 
profiling are warranted to better understand the interrelations 
between different molecular alterations and their impact on 
treatment response, and when more than one targeted drug is 
available for a specific mutation, treatment selection should ide-
ally take into account the spectrum of activity of each drug.

At the time of progression to targeted therapy, a re-biopsy to 
identify acquired on-target mutations or novel off-target resis-
tance mechanisms could guide the subsequent treatment choic-
es. However, its implementation in clinical practice is challeng-
ing also because of financial issues. While liquid biopsy could 
represent a potential alternative, prospective studies are needed 
to confirm whether it has comparable sensitivity to tissue biopsy 
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in detecting all mutations of interest and whether its results can 
actually change therapeutic choices.

Moreover, the correct collocation of targeted therapy in the 
treatment algorithm is far to be determined yet. Even though 
these drugs are available only for pretreated patients, studies 
evaluating them in first line are ongoing, although some of them 
had to be discontinued due to slow accrual. One interesting 
question is whether targeted therapy could be used in first line 
after a 4-cycle course of chemotherapy with cisplatin and gem-
citabine, if either PR or SD are achieved: the SAFIR-ABC10 
trial (NCT05615818) will try to test this hypothesis, but re-
cruitment has not begun yet.

CONCLUSION

New systemic treatment options including immunotherapy and 
targeted agents have demonstrated clinical efficacy and manage-
able safety profiles, surpassing chemotherapy-based regimens, 
and constitute the foundation of a novel treatment algorithm for 
the management of advanced CCA. Despite the improvement 
in survival, many challenges remain. On the immunotherapy 
front, attention is directed towards the identification of predic-
tive biomarkers, as well as new agents or combinations that can 
overcome resistance either by inducing immune-permissive TME 
changes or through novel mechanisms of action. Instead, on the 
targeted therapy front, research is focusing not only on the iden-
tification of new druggable alterations, but also on understand-
ing primary and secondary resistance mechanisms, in order to 
improve patients’ selection and define the most appropriate ther-
apeutic sequence.
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