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Abstract: Cholangiocarcinoma (CCA) is a hepatic malignancy that has a rapidly increasing incidence.
CCA is anatomically classified into intrahepatic (iCCA) and extrahepatic (eCCA), which is further
divided into perihilar (pCCA) and distal (dCCA) subtypes, with higher incidence rates in Asia.
Despite its rarity, CCA has a low 5-year survival rate and remains the leading cause of primary liver
tumor-related death over the past 10–20 years. The systemic therapy section discusses gemcitabine-
based regimens as primary treatments, along with oxaliplatin-based options. Second-line therapy is
limited but may include short-term infusional fluorouracil (FU) plus leucovorin (LV) and oxaliplatin.
The adjuvant therapy section discusses approaches to improve overall survival (OS) post-surgery.
However, only a minority of CCA patients qualify for surgical resection. In comparison to adjuvant
therapies, neoadjuvant therapy for unresectable cases shows promise. Gemcitabine and cisplatin in-
dicate potential benefits for patients awaiting liver transplantation. The addition of immunotherapies
to chemotherapy in combination is discussed. Nivolumab and innovative approaches like CAR-T
cells, TRBAs, and oncolytic viruses are explored. We aim in this review to provide a comprehensive
report on the systemic and locoregional therapies for CCA.

Keywords: cholangiocarcinoma; hepatic malignancy; intrahepatic (iCCA); perihilar (pCCA); distal
(dCCA)

1. Introduction

Cholangiocarcinoma (CCA), a rare hepatic malignancy with a rapidly increasing
incidence, accounts for less than 5% of total gastrointestinal malignancies. CCA can be
divided, based on its origin, into intrahepatic (iCCA), accounting for (10%), and extrahepatic
(eCCA), which is further subdivided into perihilar (pCCA), interchangeably known as hilar
or Klatskin’s tumor, representing 50%, and distal (dCCA) representing 40% of all cases
(Figure 1) [1,2]. In addition to the anatomical classification, pCCA can be grouped into five
subtypes based on the involvement of hepatic ducts (Figure 2) [3].
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CCA incidence shows a considerable geographic variation; for instance, the reported
incidence is 0.3–2/100,000 cases per annum in rich countries, whereas a higher incidence is
reported in Asian countries (e.g., China and Thailand), reaching up to 6–7/100,000 cases
annually [4–6]. Despite its low incidence, in the last three decades, the CCA incidence has
increased six-fold [7–9]. A nationwide analysis in the United States reported an overall
incidence of 1.26/100,000 annually [10]. The worldwide mortality rates of iCCA and eCCA
manifest diverse epidemiological trends. Comprehensive global mortality data for iCCA
and eCCA are presented in Table 1.
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Table 1. Age-standardized mortality rate/100 000 population for cholangiocarcinoma (CCA). In-
trahepatic cholangiocarcinoma (iCCA), extrahepatic cholangiocarcinoma (eCCA = pCCA + dCCA).

Combined mortality of iCCA + eCCA per 100,000.
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Country iCCA eCCA

Republic of Korea 2.6 2.45

Japan 0.97 2.14

Ireland 2.66 0.05

Austria 1.43 0.90

Hong Kong 2.27 0.04

Malta 2.03 0.25

Germany 1.31 0.94

UK 2.04 0.04

Australia 1.96 0.03

Hungary 0.48 1.51

Spain 1.81 0.16

Portugal 1.79 0.12

Canada 1.82 0.07

Switzerland 1.48 0.40

Singapore 1.77 0.10

France 1.79 0.06

Sweden 0.90 0.81

Belgium 1.61 0.09

Netherlands 1.30 0.34

Croatia 0.96 0.57

USA 1.32 0.16

Norway 1.35 0.13

Lithuania 1.04 0.29

Slovakia 0.95 0.37

Czech Republic 0.78 0.52

New Zealand 0.99 0.27

Italy 1.08 0.17

Denmark 1.08 0.14

Latvia 0.96 0.17

Israel 0.95 0.11

Romania 0.55 0.29

Turkey 0.72 0.11

Poland 0.29 0.14

CCA is more frequently observed in patients with conditions such as liver cirrhosis
and alcoholic liver disease in Western countries [11]. Additionally, patients with primary
sclerosing cholangitis (PSC), especially in the context of ulcerative colitis, tend to have an
earlier onset of CCA [12]. Other risk factors include parasitic infection with Opisthorcis
viverini and Chlonorchis sinensis, exposure to nitrosamines from salted fish and fermented
fish sauce, and hepatolethiasis especially in Eastern Asian countries [13]. Additional
risk factors include viral Hepatitis B and C, HIV, and EBV [14], as well as exposure to
carcinogenic agents like the currently band carcinogenic agent Thorotrast and vinyl chloride.
Conditions such as choledochal cysts and Caroli disease are also risk factors. Furthermore,
nonalcoholic steatohepatitis (NASH) has been reported as a risk factor and a prognostic
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factor for iCCA; recently, De Lorenzo et al. reported that NASH was found in more than
20% of patients who would have been classified as having no classical risk factors [15].
Finally, nonalcoholic fatty liver disease (NAFLD) and NAFLD-related metabolic conditions
can also be a risk factor for the development of primary liver cancer including CCA in a
limited proportion of individuals [16]

Despite medical advancement, CCA remains a fatal disease, and the leading cause
of primary liver tumor-related death in the past 10–20 years. Surveillance, epidemiology,
and end results have reported an overall 5-year survival of 24% and 2% in localized and
distant metastasis cases, respectively [17]. A Romanian study reported an overall survival
(OS) of 5.5% in 133 patients with CCA, showing a marginal improvement in survival with
therapy [18]. In this article, we aim to review the available medical treatments of CCA and
assess their effectiveness in extending patient survival.

2. Systemic Therapy for CCA

Recently, chemotherapy has been used more extensively for advanced CCA cases. The
selection of agents is primarily based on patients’ overall status, tolerance, and agents’
availability (Figure 2) [19–21]. The Eastern Cooperative Oncology Group Performance
Status (ECOG PS) is classically utilized to assess performance status, which has proven
to have both prognostic and predictive utility [22,23]. Nonetheless, gemcitabine-based
regimens remain the standard of care for CCA; classically, gemcitabine with cisplatin (GC)
has shown superiority over gemcitabine alone with no significant increase in toxicity [24].
Furthermore, S-1, an oral fluoropyrimidine combination of tegafur, gimeracil, and oteracil,
has shown favorable efficacy in several clinical studies [25–27]. Even in a more recent ran-
domized controlled trial (RCT), S-1 in combination with gemcitabine (GS) appeared to be
non-inferior, well-tolerated, and associated with fewer adverse events profiles compared to
GC [28]. Furthermore, adding S-1 to GC significantly improved the OS compared to GC in
a randomized phase III trial of (KHBO1401-MITSUBA) [29]. Additionally, the ABC-06 trial,
which involved 162 cases with advanced biliary tract malignancies, indicated a substan-
tial, although moderate, survival advantage for oxaliplatin-based combination treatment
compared to active symptom management alone following the first GC regimen failure
(median 6.2 versus 5.3 months) [30]. Moreover, Glimelius et al. observed survival benefits
and quality of life improvement with fluorouracil (FU)-based systemic chemotherapy usage
in 37 patients with CCA [31].

Recently, based on the results of the TOPAZ-1 trial, both the Food and Drug Ad-
ministration (FDA) and European Medicines Agency (EMA) have given their approval
for gemcitabine with cisplatin plus durvalumab as the new first-line standard treatment
for patients with previously untreated advanced biliary tract cancer. The trial involved
685 patients who were randomly assigned to receive either durvalumab (n = 341) or a
placebo (n = 344) alongside chemotherapy, and the study showed significant improvements
in overall survival, progression-free survival, and the objective response rate with the
combination of durvalumab, gemcitabine, and cisplatin compared to chemotherapy alone.
The 24-month overall survival rate of 24.9% with durvalumab plus chemotherapy, com-
pared to 10.4% with chemotherapy alone, suggests a notable long-term survival benefit [32].
Considering these findings, durvalumab in combination with gemcitabine and cisplatin
could be seen as the preferred first-line treatment option for patients with advanced biliary
tract cancer (BTC) [32]. Different first-line regimens are summarized in Table 2.
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Table 2. Summary of the first-line chemotherapeutic options for cholangiocarcinoma (CCA) treatment. * Tegafur, 5-chloro-2,4-dihydropyridine, and potassium
oxonate. RCT: randomized controlled trial, OS: overall survival, FU: fluorouracil, LV: leucovorin, PFS: progression-free survival.

First-Line Therapy for CCA

G
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m
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ce
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no
hy

pe
rb

il
ir

ub
in

em
ia

Regimen Trial/Evidence Benefit(s) Limitation(s)

Gemcitabine-based regimens

Gemcitabine plus cisplatin
ABC-02 trial [24]
Okusaka et al. RCT [33]
Pooled analysis of RCTs [34]

- Leaves open the option of short-term
infusional FU plus LV and oxaliplatin
(FOLFOX) as a second-line regimen

Higher rates of Grade 3 or
4 neutropenia [35]

Gemcitabine plus cisplatin and durvalumab TOPAZ-1 trial [36]
- OS benefit
- Longer PFS
- Higher objective response rate

Immune-mediated side effects in 13%
of patients

Gemcitabine plus S-1 * FUGA-BT trial [28]
- Non-inferior to gemcitabine plus

cisplatin
- Fewer side effects

Limited availability outside the US

Gemcitabine plus Oxaliplatin (GEMOX) FUGA-BT trial [28].
Wagner et al. phase III trial [37].

- Better survival outcomes experienced
[38]

Results were less favorable in patients who
had a poorer performance status or a higher
bilirubin level

GEMOX plus Bevacizumab Kim et al. phase III RCT [39]
Zhu et al. RCT [40]

- Increased PFS
- Increased OS Bevacizumab-related toxicities

Gemcitabine plus capecitabine Zhu et al. RCT [40]
Nehls et al. RCT [41]

May be an alternative option

Needs RCTs to determine the effectiveness
compared to cisplatin

Gemcitabine plus Nabpaclitaxel Iqbal et al. RCT [42]
Sahai et al. RCT [43] Neutropenia (43%) and fatigue (14%)
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Table 2. Cont.

Non-gemcitabine-based regimens

Modified FOLFIRINOX (Oxaliplatin, LV,
Irinotecan and FU)

Phelip et al. RCT [44]
Abdel-Rahman et al. review [45]

No advantages in terms of median OS, PFS,
or six-month PFS

Sp
ec

ia
lC

ir
cu

m
st

an
ce

s

- Good performance status and
hyperbilirubinemia:

5-FU and LV

Choi et al. trial [46]

- Borderline performance status:

LV-modulated FU Sanz-Altamira et al. [47]
Mayo Clinic regimen [48] Survival benefits are unclear [47,49,50]

Capecitabine Patt et al. [51] Alternative to LV-modulated FU
Capecitabine as a single agent appears to be
relatively less active for CCA than for
gallbladder cancer
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2.1. Targeted Therapy

As cancer treatment evolves, molecular profiling plays an increasingly crucial role in
managing patients with advanced cancer. It helps to identify specific genetic abnormalities
and prognostic indicators, guiding the use of targeted therapies for a more precise approach
to treatment. In the realm of advanced CAA, the emergence of inhibitors targeting fibroblast
growth factor receptor (FGFR) fusions and isocitrate dehydrogenase (IDH) mutations is
reshaping patient care. Looking ahead, potential targets for future “Precision Medicine”
strategies in BTC may extend to chromatin remodeling genes like ARID1, BAP1, and
PBRM1, as well as other anomalies such as BRAF and RNF43 mutations, amplifications in
HER2 and HER3, or fusion events involving NTRK genes [52].

Recent advances in gene sequencing and molecular profiling have significantly im-
proved our understanding of mutations associated with CCA. Gene mutations linked to
CCA have seen substantial updates since 2020. In 2022, collaborative efforts led to the
identification of new genes associated with CCA, as presented in Table 3, including their
occurrence rates and associations [53–57]. Our understanding in 2020 was limited to a set
of gene mutations, with FGFR2 and IDH1 mutations being the most prevalent. However,
by 2022, we observed not only a shift in the prevalence of previously identified mutations
but also the emergence of new players, such as IDH2, TMB high, and MDM, in the context
of CCA. Alongside well-known mutations like KRAS, TP53, and CDKN2A, other genetic
alterations are recognized as having significant roles in CCA tumorigenesis. Regarding
the pathogenesis of CCA, FGFR2 abnormalities have been identified in up to 16% of CCA
patients, and up to 20% of iCCA cases harbor FGFR2 alterations [58–61]. Mutations in the
IDH genes, particularly IDH1 and IDH2, are found in up to 25% and approximately 3%
of CCA cases, with a higher incidence in iCCA cases. Specific inhibitors like ivosidenib
and enasidenib are available as a targeted therapy for these mutations [62]. Patients with
neurotrophic tyrosine receptor kinase (NTRK) gene rearrangements may benefit from TRK
inhibitors, though these mutations are relatively rare in iCCA [59,63]. BRAF gene mutations,
particularly BRAF V600E, are reported in about 3% of biliary tract cancers, especially iCCA.

This transformation in our understanding of CCA genetics suggests a more nuanced
and complex genetic basis for the disease. With this evolving knowledge, targeted genetic
testing for advanced CCA cases can provide the foundation for individualized and precise
therapeutic approaches.

Table 3. Updated data on gene mutations associated with cholangiocarcinoma (CCA).

Year 2020 Year 2022

Gene Mutations Percentage Gene Mutations Percentage

FGFR2 15–20% FGFR2 4–9%

IDH1 15–20% IDH1 3–14%

HER2 10–15% IDH2 4.0%

NTRK <5% TMB high 3.7%

RNF43 <5% MDM 4.3%

MMR <5% BRACA1/2 3.4%

BRAF <5% ERBB2 3.8%

BRAF 2.3%

ERBB3 1.6%

MSI high 1.2%

KRAS 1.1%

Notably, patients with FGFR2 fusion transcript cases and those with an FGFR2 mu-
tation showed dramatic responses to therapeutic FGFR inhibition, consistent with other
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reported favorable results targeting FGFR mutations/fusions in advanced CCA [58,64,65].
Other promising targets for biliary tract cancers include mutations in IDH1 and IDH2,
for which specific inhibitors like ivosidenib and enasidenib are available, as well as the
BRAF V600E mutation [62,66]. Importantly, the mere presence of a potentially targetable
mutation does not guarantee a favorable treatment response. In cases where applicable,
consideration should be given to enrolling in a clinical trial for molecularly targeted but
unapproved treatments.

A. IDH1 mutations are present in around 10–20% of CCA cases and are responsible for
the accumulation of oncometabolites, which leads to epigenetic changes affecting
various signaling pathways. The FDA has approved ivosidenib for treating adult
patients with unresectable or metastatic IDH1-mutated CCA as detected by an FDA-
approved test, specifically in cases where the disease has progressed after one to
two prior lines of systemic therapy for advanced disease. This approval was based
on data from the phase III ClarIDHy study, a double-blind placebo-controlled trial.
Ivosidenib, the first IDH1 inhibitor, has shown significant improvements in both PFS
(2.7 vs. 1.4 months) and OS (10.3 vs. 5.1 months [adjusted median OS]) compared to
placebo in patients with chemorefractory IDH1-mutated CCA [67].

B. HER2 overexpression: In 15–20% of extrahepatic CCA and gallbladder carcino-
mas, there is observed overexpression or amplification of the EGFR family receptor
tyrosine-protein kinase erbB-2 (HER2) [21]. Several investigations into HER2 alter-
ations’ targeting initially yielded discouraging findings. Between 2021 and 2023,
a total of eleven studies examined outcomes from seven distinct HER2-targeted
medications in BTC. Among these, one of the most recent trials, the phase II trial
NCT02091141, explored trastuzumab with pertuzumab. The study enrolled 39 pa-
tients, resulting in an ORR of 23% (95% CI 11–329) and a median OS of 10.9 months
(95% CI 5.2–15.6) [68]. The phase II open-label ROAR trial demonstrated a 47%
objective response rate with the BRAF inhibitor dabrafenib combined with trame-
tinib [69,70]. Up to 20% of CCA, particularly dCCA, have amplifications of HER2,
and accumulating evidence supports the benefit of HER2-targeted therapies, such
as trastuzumab plus pertuzumab or lapatinib, or trastuzumab deruxtecan, in such
cases [71–73].

C. FGFR2 fusions: Mutations in FGFR2 are present in 13–20% of CCAs, often involving
activating translocations through fusion or rearrangements. These mutations drive
increased cell proliferation, metastasis, and angiogenesis. Pemigatinib received FDA
approval for the treatment of adults facing previously treated, unresectable locally
advanced or metastatic CCA [74]. This approval targets patients with an FGFR2
fusion or rearrangement, as identified through an FDA-approved test. The approval
was obtained through the FIGHT-202 (NCT02924376) trial, a multicenter open-label
single-arm study. Within this trial, 107 patients with locally advanced unresectable
or metastatic CCA, whose disease had progressed post at least one prior therapy,
were examined. These patients exhibited an ORR of 36% (95% confidence interval:
27–45), with a median DOR of 9.1 months. Moreover, the FDA granted approval to
infigratinib, an inhibitor targeting FGFR1–3. This approval was primarily influenced
by its favorable outcomes in a phase II trial (NCT02150967). In this trial, patients
with previously treated advanced CCA demonstrated an ORR of 23.1%. The trial
revealed a median DoR of 5 months and a median PFS of 7.3 months [21].
On the other hand, futibatinib received accelerated approval from the FDA to address
the treatment needs of adult patients confronting previously treated, unresectable,
locally advanced, or metastatic iCCA exhibiting FGFR2 fusions or other rearrange-
ments. This decision stemmed from the study TAS-120–101, a multicenter open-label,
single-arm trial. Notably, the median DoR in this trial was recorded at 9.7 months [75].

D. BRAf mutation: In the phase II “VE basket” trial, patients aged 18 years or older
with BRAFV600E-mutated BTC, whether it was unresectable, metastatic, locally
advanced, or recurrent, were included. Over a median follow-up of 10 months,
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22 out of 43 patients achieved an investigator-assessed overall response, yielding
a response rate of 51% (95% CI 36–67). Additionally, the median overall survival
(mOS) was 14 months (95% CI 10–33). These promising outcomes led to the FDA
approval of the dabrafenib and trametinib combination for treating advanced BRAF
V600E-mutated solid malignancies in patients who had undergone prior therapy but
experienced progression [76].

E. MSI-H: Pembrolizumab has received FDA approval as a treatment for patients
facing metastatic or inoperable solid tumors characterized by high microsatellite
instability (MSI) or mismatch repair (MMR) deficiency. This approval is supported
by findings from two pivotal studies: KEYNOTE-158 (NCT02628067) and KEYNOTE-
028 (NCT02054806) [77].

F. Second-line therapy initiation is contingent upon the tumor’s mutational profile,
as delineated in the targeted therapy section. For patients lacking actionable alter-
ations or facing contraindications to targeted treatment, chemotherapy remains the
preferred treatment modality. In contrast to first-line chemotherapy, very limited
RCTs support an optimal second-line regimen. Moreover, there is no well-established
stratification or selection system for second-line therapy candidates. Among some
possible regimens, short-term infusional FU plus leucovorin (LV) and oxaliplatin
(FOLFOX) is an active regimen for second-line therapy, particularly in patients ini-
tially treated with GC [78–80]. Danmei Zhang and colleagues conducted a systematic
review study, which revealed that while not formally approved, FOLFOX is widely
recognized as a standard second-line therapy, supported by findings from the British
phase III ABC-06 study [81]. Nevertheless, ongoing debate surrounds whether com-
mencing oxaliplatin-based therapy immediately following cisplatin failure represents
the most effective approach, considering both mechanism of action and toxicity. Data
from a randomized phase II trial unveiled no discernible difference in OS between
FOLFOX and 5-FU, LV, and irinotecan (FOLFIRI). However, the toxicity profiles of
these regimens exhibited notable disparities. Neuropathy and thrombocytopenia
were more prevalent in the FOLFOX arm, while vomiting and cholangitis were
more common in the FOLFIRI arm. Alternatively, the South Korean NIFTY study
showcased the superior efficacy of the combination of liposomal irinotecan and 5-FU
compared to 5-FU alone [81].

Other second-line therapies include antiangiogenic medications, which act by inhibit-
ing vascular endothelial growth factor (VEGF), which is overexpressed in up to half of
biliary cancers and has been associated with poorer outcomes [82]. Another second-line
option for metastatic iCCA is bevacizumab in combination with FOLFIRI, which has re-
vealed promising efficacy and safety [83]. In another study, bevacizumab combined with
erlotinib showed a clinical benefit in advanced biliary malignancies [84]. However, no
clinical trials have yet proved bevacizumab’s possible benefits. Regorafenib, on the other
hand, showed promising results with improved progression-free survival (PFS) and disease
control rate (DCR) in two clinical trials [85,86]. Nevertheless, the data regarding antian-
giogenic therapy are sparse, and prospective studies are required to evaluate their efficacy.
Table 4 summarizes various targeted therapies for the most prevalent mutations in CCA.
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Table 4. Summary of the targeted therapy for cholangiocarcinoma (CCA) treatment. ORR: overall response, objective response rate, DCR: disease control rate, CR:
complete response, PR: partial response, PD: progressive disease, SD: stable disease, MDR: median duration of response, PFS: progression-free survival, HR: hazard
ratio, MDS: median duration of survival, BICR: blinded independent central review.

Targeted Therapy for CCA

Medication Mechanism Trial(s) Results

FGFR-targeted therapy

Derazantinib
ATP-competitive, pan-FGFR inhibitor.
“FGFR1–3 kinases selectivity” [87]

Phase I RCT (NCT01752920)
Phase I/II, open-label RCT (NCT01752920)

- ORR (20.7%)
- DCR (82.8%)

Phase II FIDES-01 (NCT03230318) Ongoing

Erdafitinib Pan-FGFR inhibitor [88] Phase IIa study (NCT02699606)
- PR 7 (46.7%), SD 5 (33.3%), PD 3 (20.0%)
- ORR 7/15 (47%)
- DCR12/15 (80%) [89]

Pemigatinib Selective FGFR1–3 inhibitor [90] FIGHT-202 trial
- DCR 88 (80%)
- MDR 7.5 months (95% CI 5.7–14.5) [66]
- FDA approval (April 2020) [91]

Infigratinib Selective inhibitor of FGFR1–3 [92]

Phase I study (NCT01004224) Identification of a recommended phase II dose for infigratinib as 125 mg QD
given on a 3-weeks-on/1-week-off schedule [93]

Phase II study (NCT02150967)
- ORR 23.1% (95% CI: 15.6–32.2%)
- MDR 5.0 months (range 0.9–19.1 months)
- Median PFS 7.3 months (95% CI: 5.6–7.6 months) [94]

Futibatinib Pan-FGFR inhibitor

Phase I (FOENIX-101; NCT02052778) - PR 5 (5.8%; three patients with FGFR2 fusion-positive iCCA, and two
patients with FGFR1-mutated primary brain tumor) [95]

FOENIX-CCA2 phase II trial (NCT02052778) - ORR (37.3%)
- DCR (82.1%) [96]

IDH- targeted therapy

Ivosidenib IDH1 inhibitor Combined phase I/II study
- Median PFS 2.7 months [95% CI 1.6–4.2] vs. 1.4 months [1.4–1.6]
- HR (0.37; 95% CI 0.25–0.54; one-sided p < 0·0001) [63]
- FDA approval (August 2021) [97]
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Table 4. Cont.

Targeted Therapy for CCA

Medication Mechanism Trial(s) Results

TRK fusion- targeted therapy

Larotrectinib Tropomyosin receptor kinase (TRK)
inhibitor

Analysis of (NCT02122913 and NCT02576431)
trials

- ORR (76%) (CR 9%)
- Confirmed PR (57%), PR pending confirmation (9%) SD (12%), PD

(11%) [98]
- FDA approval (November 2018) [99]

Analysis of (NCT02122913, NCT02637687, and
NCT02576431) trials

- Larotrectinib was well-tolerated and induced fast, lasting responses in
TRK fusion GI cancers. (2 CCA patients) [100]

Entrectinib Inhibitor of NTRK1/2/3, ROS1, and ALK
[101]

An updated integrated analysis phase I/II
studies (ALKA, STARTRK-1, STARTRK-2;
EudraCT 2012-000148-88; NCT02097810;
NCT02568267)

- MDS follow-up 14.2 mo (range 0.1–29.7)
- BICR ORR 63.5% (95% CI 51.5–74.4), CRs 5 (6.8%)
- Median BICR DOR 12.9 mo (95% CI 9.3–NE)
- Median BICR PFS 11.2 mo (95% CI 8.0–15.7)
- Median OS 23.9 mo (16.0–NE) [102]

BRAF V600E- targeted therapy

Combination of
dabrafenib plus

trametinib

Reversibly and selectively inhibits
mitogen-activated extracellular kinase
[MEK], a downstream effector of BRAF

Phase II (ROAR) basket trial - OR 22 (51%, 95% CI 36–67) of 43 patients [103]

NCI-MATCH Trial Subprotocol H

- Confirmed ORR 38% (90% CI, 22.9–54.9%, p < 0.0001)
- PFS 11.4 months (90% CI, 8.4 to 16.3 months)
- The median OS was 28.6 months [69]
- FDA approval (June 2022) [104]

HER2 overexpression- targeted therapy

Combination of
pertuzumab plus

trastuzumab
MyPathway HER2 basket study

- Objective antitumor response in 9 of 39 HER2
amplified/overexpressed RAS wild-type biliary tract cancers (23%)

- MDR 10.8 months [105]

EGFR-targeted therapy

Erlotinib Oral tyrosine kinase inhibitor Phase II RCT - Progression free in 7 patients (17%; 95% CI, 7–31%) at 6 months [106]
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2.2. Immunotherapies

Immunotherapy has exhibited promise in several solid malignancies, and in the con-
text of CCA, immune checkpoint inhibitors are particularly valuable for malignancies
characterized by DNA with deficient mismatch repair (dMMR)/high microsatellite insta-
bility (MSI), programmed cell death 1 ligand 1 (PD-L1) overexpression, or high levels of
tumor mutational burden (TMB-high) [107,108].

The introduction of immunotherapies alongside the GC regimen has shown promise
in patients with advanced biliary tract cancer. The TOPAZ phase III trial evaluated the com-
bination of GC with or without durvalumab and tremelimumab as a first-line treatment for
advanced biliary tract cancer. The results were encouraging, with 66% of patients achieving
an objective response with this combination therapy. Grade 3 and 4 adverse events were
manageable, and no unexpected safety concerns arose. These findings suggest that adding
immunotherapy to the GC regimen could offer a new treatment avenue with promising
efficacy and acceptable safety for biliary tract cancer patients [36]. These advancements
emphasize the need to explore new treatment strategies, including the addition of targeted
therapies and immunotherapy to existing regimens, to improve outcomes for patients with
this challenging disease [21].

There is also emerging evidence supporting their use in treatment-naïve iCCA cases
with undetermined biomarker status [109]. Notably, the KEYNOTE-158 trial revealed that
pembrolizumab, a PD-1 inhibitor, performed poorly with an ORR of 5.8% in advanced bil-
iary tract malignancies [109]. In contrast, nivolumab, another PD-1 inhibitor, demonstrated
efficacy in previously treated biliary tract cancer patients, exhibiting an ORR of 22% and
a median OS of 14 months in a phase II trial [110]. A separate phase II trial investigated
nivolumab in combination with ipilimumab, a cytotoxic T lymphocyte-associated protein
4 (CTLA4) inhibitor, showing OS and PFS rates of 5.7 months and 2.9 months, respec-
tively [59]. Despite concerns about immune-mediated adverse events due to concurrent
hepatic impairment and the risk of biliary obstruction in CCA patients, the phase I/II
CheckMate 040 trial reported comparable results in terms of transaminases’ elevation for
patients with HCC and other solid tumors treated with nivolumab [111].

Chimeric antigen receptor T-cell therapy (CAR-T) has recently gained recognition as
an innovative approach for advanced hematological malignancies. While CAR-T therapy
has shown efficacy in hematological malignancies, its outcomes in solid tumors, including
CCA, may differ due to variations in the tumor microenvironment [112]. For instance,
CAR–epidermal growth factor receptor (EGFR) T-cell therapy was explored as a treatment
for advanced biliary tract malignancies harboring EGFR mutations, yielding promising
results with a CR and SD observed in patients, along with a median PFS of 4 months [113].
However, the application of CAR-T therapy in clinical practice might be restricted due to
limited availability, high costs, and insufficient safety data. T-cell-redirecting bispecific
antibodies (TRBAs), effective in hematological malignancies and solid tumors, function
by directing CD3 T cells to target cancerous cells. These antibodies have shown enhanced
T-cell cytotoxicity and prolonged survival, overcoming cellular exhaustion in various
studies [114,115]. Although their application in CCA remains unproven, further studies are
needed to determine their role. Recent advances in oncolytic virus and vaccine therapies
have facilitated the recruitment of T cells to eliminate virus-infected tumor cells. However,
only Talimogene laherparepvec has been approved in the US thus far [116]. In CCA, a few
preclinical studies involving measles and other survivin-based conditionally replicative
adenoviruses vaccines have indicated potential efficacy, although their actual performance
remains uncertain [117,118].

3. Neoadjuvant Therapy for CCA

Locally advanced, unresectable iCCA cases often receive neoadjuvant therapy in
preparation for potential resection (Figure 2). In a study by Nelson et al., 45 patients
undergoing concurrent chemoradiotherapy (CRT) for CCA were examined, with 12 of them
receiving neoadjuvant therapy. This approach resulted in complete pathologic responses
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and complete (R0) resections in three and eight patients, respectively [119]. Neoadjuvant
therapy is also considered for patients with PSC or small (3 cm) local hilar CCA before
undergoing liver transplantation [120–122]. An insightful meta-analysis assessed the impact
of neoadjuvant therapy on survival post-liver transplantation, revealing 1-year, 3-year,
and 5-year survival rates of 71%, 48%, and 32%, respectively. Furthermore, the recurrence
rate was notably lower at 24% for those receiving neoadjuvant therapy compared to 57%
without it [123]. Yadav et al. conducted a study using the National Cancer Database,
demonstrating that neoadjuvant chemotherapy significantly improved the OS of CCA
patients compared to adjuvant chemotherapy. The neoadjuvant group exhibited a median
OS of 40.3 months, while the adjuvant group showed 32.8 months. Notably, neoadjuvant
therapy resulted in 1-year and 5-year survival rates of 85.8% and 42.5%, outperforming the
84.6% and 31.7% rates associated with adjuvant therapy [124].

In a recent prospective case series of 10 patients, GC combination neoadjuvant ther-
apy displayed promising results for unresectable iCCA or pCCA with no extrahepatic
involvement. Patients received a median of 181 days of neoadjuvant therapy before liver
transplantation, with 90% experiencing no recurrence or metastasis [122,125–128]. The OS
rates at 1 and 2 years were both 100%, with a continued strong performance at 3 to 5 years,
maintaining a 75% survival rate [129]. Additionally, another study that compared patients
receiving the GC combination to those on alternative regimens highlighted the improved
OS of the former group [127]. While these results are promising, the OS for high-risk CCA
patients remains challenging. Addressing this challenge, Maithel et al. investigated a
neoadjuvant regimen utilizing gemcitabine, cisplatin, and nab-paclitaxel (GAP) in a phase
II trial for resectable, high-risk CCA patients. The trial results demonstrated the feasibil-
ity and safety of neoadjuvant GAP treatment, achieving a 73% completion rate for both
chemotherapy and surgery, with no treatment-related mortality. The median recurrence-
free survival reached 7.1 months, and the OS extended to 24 months for the entire cohort,
with OS not being reached for patients who underwent surgical resection [130].

4. Adjuvant Therapy for CCA

Local relapse is the most typical form of recurrence following total surgical resection
in dCCA and pCCA [131,132]. Distant metastases are comparatively less common in hilar
CCA than in gallbladder cancer, although they are still observed. Notably, around 40%
of hilar CCA patients experienced a distant recurrence, a lower rate compared to the
85% recurrence rate seen in gallbladder cancer patients [132]. Another study reported
that 60% of hilar CCA patients who underwent microscopically complete (R0) resection
eventually developed distant metastases [131]. Research indicates the potential benefits of
adjuvant therapy for these patients, suggesting a positive impact on their overall treatment
outcomes. Additionally, the efficacy of adjuvant therapy using S-1 has been verified in a
randomized phase III trial with a significant improvement in survival which suggested
adjuvant S-1 could be considered a standard of care for resected biliary tract cancer in Asian
patients [133,134].

A meta-analysis by Horgan et al. demonstrated a statistically significant survival
benefit (OR 0.53, 95% CI 0.39–0.72) associated with adjuvant therapy [135]. Furthermore,
the American Society of Clinical Oncology (ASCO) recommends adjuvant therapy for
resectable CCA [136]. Various treatment regimens have been explored, and no single
regimen has shown clear superiority. Additionally, these regimens can be supplemented
with radiotherapy (RT). For example, the Southwest Oncology Group trial endorsed using
capecitabine and gemcitabine, followed by RT and concurrent capecitabine, as a well-
tolerated and feasible option [137]. Some studies have even investigated gemcitabine,
capecitabine, and LV-modulated FU as monotherapy [138,139]. A significant study con-
ducted across specialized hepato-pancreato-biliary centers in the UK assessed the impact of
adjuvant capecitabine on OS in patients with resected biliary tract cancer, including CCA.
While the intention-to-treat analysis did not meet its primary endpoint of improving OS,
the pre-specified sensitivity and per-protocol analyses suggested that adjuvant capecitabine
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following surgery could enhance OS in these patients [139]. Nevertheless, the choice of
adjuvant therapy remains widely empirical, and further research is needed to validate the
effectiveness of each regimen.

5. Interventional Therapy
5.1. Intra-Arterial Therapies

For patients diagnosed with unresectable iCCA featuring either exclusive hepatic in-
volvement or a predominant hepatic disease manifestation, locoregional therapies emerge
as a prospective therapeutic modality within the framework of multimodal treatment
(Figure 2) [140,141]. Although CCA is considered a less vascular tumor compared to HCC,
the findings derived from several studies demonstrate a survival advantage associated
with interventional therapies employing a vascular approach in cases of unresectable
CCA [142–145]. Hepatic arterial infusion chemotherapy (HAIC), conventional transar-
terial chemoembolization (TACE), drug-eluting bead transarterial chemoembolization
(dbTACE), and yttrium-90 radioembolization (Y90-RE) are examples of arterially targeted
interventions. These interventions are typically employed for palliative purposes in cases
of unresectable CCA; however, they also offer the potential for disease control. Method-
ological challenges in investigating these modalities arise from the inherent scarcity of CCA
cases, compounded by the subset of patient’s ineligible for resection, thereby resulting in a
relatively limited cohort for applying each non-curative treatment modality [141].

5.1.1. Hepatic Arterial Infusion Chemotherapy (HAIC)

A HAIC pump permits the administration of chemotherapeutics to the liver directly
with higher intra-arterial doses while preserving non-neoplastic tissue viability through the
portal vein blood supply [146–148]. A further advantage of this approach includes limited
systemic toxicity of chemotherapy as it is eliminated via hepatic first-pass metabolism [148].
HAIC has been studied extensively for hepatic malignancies as their advancement ren-
ders the patient’s illness unresectable. Its use, however, in unresectable CCA has been
reviewed in small clinical trials. For example, the Cantore et al. trial showed an OS of
13.2 months and an overall response of 40% in 25 patients with iCCA who were treated
with epirubicin, cisplatin, and continuous FU infusion [149]. Another study by Ghiringhelli
et al. included 12 unresectable iCCA cases who were treated with HAIC of 1000 mg/m2

gemcitabine followed by systemic oxaliplatin and reported 66% and 91% for the overall
response and disease control, respectively. The median PFS and OS were 9.2 months
(95% CI: 5.1–29.0) and 9.2 months (CI 13.2–49.7), respectively [150]. Floxuridine, a precur-
sor of FU with a higher potency, is used in HAIC and is superior for attaining a higher
concentration than systemic delivery [151,152]. S-1 is an oral fluoropyrimidine intended
to enhance the therapeutic potential of 5-FU while reducing its toxicity. Twelve patients
who received 5-FU with cisplatin were evaluated for efficacy by Higaki et al. showing
a median OS of 10.1 months [153]. Currently, prospective trials are ongoing, which will
provide more prospective results of different chemotherapeutic regimens for unresectable
iCCA, including the GEMOXIA-02 (NCT03364530) and HELIX ICC (NCT04251715) trials.

5.1.2. Conventional Transcatheter Arterial Chemoembolization (TACE)

As a palliative modality, TACE may provide a good result in managing unresectable
iCCA [143,154,155]. In contrast to systemic chemotherapeutic infusion, TACE can deliver a
higher concentration directly toward the tumor cells, limiting the systemic toxicity [156].
The chemotherapy agents are emulsified with Lipiodol and delivered through the hepatic
artery [157]. Park et al. study included 155 patients and showed tumor regression in
23% of the patients in the TACE arm with survival benefits (12.2 months vs. 3.3 months,
p < 0.001) [142]. Moreover, Kiefer et al. reported a median survival from the time of
diagnosis of 20 months, with a 75% survival rate at 1 year, 39% at 2 years, and 17% at
3 years [158]. Li et al. study revealed a median OS of 63 months among TACE-receiving
cases following surgical resection versus 18 months in the non-TACE group (p = 0.041) [159].
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The role of TACE in hilar CCA was recently evaluated by Zheng et al. using gemcitabine
and cisplatin-based embolization in addition to RT, which showed a more extended OS
period of 20 months versus 10.5 months in the control group (p < 0.05) [160].

5.1.3. Drug-Eluting Bead-Transcatheter Arterial Chemoembolization (dbTACE)

As mentioned earlier, chemotherapeutics is emulsified with Lipiodol to be delivered
intra-arterially to the hepatic or biliary tumors. This process, however, may decrease the
efficacy and/or increase the systemic side effects [161]. The use of microspheres, rather
than Lipiodol, has been shown to provide a more tolerated, safer modality with a better
delivery of chemotherapy in unresectable HCC [162]. However, dbTACE for CCA was
evaluated in merely a few studies. A report by Poggi et al. in patients with iCCA treated
with dbTACE containing oxaliplatin and gemcitabine versus chemotherapy revealed a 44%
and 56% PR rate and stable disease (SD), respectively. The median OS was 30 months (vs.
12.7 months in the non-dbTACE group, p = 0.004) [163]. Luo et al. reported that 8%, 59.5%,
and 67.6% of patients with iCCA achieved a complete response (CR), partial response (PR),
and overall response rate (ORR), respectively, with the use of dbTACE [164]. Interestingly,
Hori et al. reported a case with advanced iCCA who was treated with dbTACE and had
excellent local tumor control without further or concurrent therapies; the patient lived for
more than four years [165]. Although these findings support dbTACE use in advanced
iCCA, little is known about its role in pCCA.

5.1.4. Radioembolization (RE)

Yttrium-90 radioembolization (Y90-RE) provides an alternate therapeutic option for
patients with hepatic and biliary tumors [166]. Utilizing microspheres allows for precise
tumor targeting and the preferential delivery of radiation to malignancies while minimizing
normal tissue involvement. Although the benefits of this approach are well-established for
liver tumors, its application in CCA is less documented [167–169]. In a study conducted by
Ibrahim et al., which included 24 patients with iCCA treated with Y90-RE, encouraging
outcomes were observed. Specifically, 27% achieved PRs, 68% maintained SD, and only
5% experienced disease progression. The median OS was 14.9 months, highlighting the
therapeutic potential of Y90-RE for unresectable iCCA [170].

A recent investigation by Sarwar et al. focused on the neoadjuvant Y90-RE in iCCA and
yielded a DCR of 86% with a median PFS of 5.4 months. Importantly, 52% of iCCA patients
treated with a neoadjuvant approach underwent resections, and the majority achieved
R0 margins, underscoring the potential of Y90-RE as a neoadjuvant therapy option for
unresectable iCCA patients [171]. Furthermore, Chan et al. explored the combination
of selective internal radiation therapy using yttrium-90 microspheres, followed by GC
chemotherapy for unresectable iCCA. Their findings demonstrated promising outcomes,
with a median OS of 13.6 months for the entire cohort and 21.6 months for patients receiving
chemotherapy. The response rate reached 25%, and the DCR was 75%, accompanied by
manageable adverse events. This approach highlights the feasibility and effectiveness
of combining selective internal radiation therapy with standard chemotherapy for unre-
sectable iCCA, offering potential benefits to patients [172]. The existing data support the
view that Y90-RE is an efficient, well-tolerated approach for aggressive iCCA cases, with a
response rate ranging from 24% to 82.3% [163,164,173,174].

5.2. Ablation

Various ablative methods are discussed in the literature, and radiofrequency ablation
is one of the most researched ablation methods. It employs rapid vibration-induced
frictional heat, resulting in tissue necrosis [175]. Esophageal and primary or malignant
hepatic tumors have been managed with radiofrequency ablation (RFA). RFA is often
associated with a shorter hospitalization period, reduced treatment costs, and a reduced
risk of complications compared to surgery [176,177]. Furthermore, survival benefits were
shown in a meta-analysis by Han with RFA use in unresectable iCCA, with a pooled 1-year
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survival rate of 82% [178]. Despite the promising effects of RFA, the survival benefits are
influenced by tumor size in multiple studies [179–181]. RFA efficacy was evaluated by Wu
et al. for dCCA; compared to controls, the RFA arm had an extended stent patency period,
superior functional status, and enhanced quality of life (p = 0.001) [182].

The alternative non-thermal option includes irreversible electroporation (IRE), which
induces cellular death by disrupting the lipid bilayer [183–185]. This technique is relatively
recent, with minimal studies. Belfiore et al. evaluated the safety profile, practicality, and
effectiveness of IRE in managing CCA, involving a total of 15 cases with unresectable CCA,
revealing a reduction in the tumor’s total volume and a subsequent drop in its densitometric
values. The median survival time was 18 months [186]. Martin et al. observed an increase
in catheter-free days in advanced hilar CCA patients with obstructive jaundice who had
undergone IRA [187]. Moreover, Franken et al. reported a 21-month median OS from
diagnosis, with a 1 y survival rate of 75% observed following IRE [188]. Another method
using microwave ablation was well-tolerated in treating iCCA using a minimally invasive
technique. According to Owen, et al. 2023, the median OS for iCCA patients treated with
microwave ablation varies from 8.8 to 31.5 months, and the median PFS ranges from 6.2
to 18.43 months [189]. Lastly, cryoablation, which induces cellular death through altering
cellular osmotic pressure and dehydration [190], was evaluated by Glazer et al. in a study
that included 299 hepatic tumors with an efficacy rate of 89.5%, yet CCA compromised
only 6 (2%) of the total cases. Thus, there is insufficient evidence to compel the use of
cryoablation in CCA [191]. Currently, a clinical trial is ongoing to evaluate cryoablation in
conjunction with anti-PD1 antibodies in patients with advanced iCCA (NCT04299581).

5.3. Radiation Therapy (RT)

Radio-chemotherapy serves as an essential adjunctive approach for managing patients
with unresectable, locally advanced, or metastasized CCA. In cases of locally advanced
CCA, RT can be administered to patients with a favorable performance status. While
prospective trials assessing the role of RT in CCA are limited, RT has demonstrated po-
tential benefits, including the alleviation of symptoms such as pain and biliary obstruc-
tion [192]. An analysis involving 48 patients with extrahepatic malignancies over a 20-year
period (1998–2018) found that a median radiation dose of 50.4 Gy led to a median OS
of 12 months. The study revealed an OS of 33% at 2 years, 20% at 3 years, and 7% at
5 years post-therapy [193]. The effectiveness of 125I brachytherapy in patients with unre-
sectable primary and metastatic hepatic malignancies, though primarily focused on HCC,
also shows promise for iCCA [194]. Additionally, 125I has demonstrated the potential to
prevent stent restenosis, as indicated by a study by Zhu et al., which reported reduced
restenosis rates at 3, 6, and 12 months [195]. Furthermore, 125I seed-loaded biliary stents
have shown extended patency and OS and provided improved prognoses when compared
to conventional separate biliary stents [196–198]. Intra-luminal brachytherapy, as briefly
reviewed by Khosla et al., represents a tumor-selective alternative that minimizes the
impact on normal structures compared to external beam radiation [199]. Moreover, the
STRONG study, involving six patients with unresectable pCCA, implemented chemother-
apy followed by stereotactic body radiation therapy. The results indicated a median local
control rate of 80% with minimal adverse events, suggesting stereotactic body radiation
therapy as a safe and viable palliative option [200].

Recent research has delved into the role of RT in addressing advanced liver cancers,
particularly challenging cases like unresectable CCA and iCCA. High-dose, hypofraction-
ated proton beam therapy has emerged as a potential solution for these complex-to-treat
malignancies. One study involving patients with unresectable HCC and iCCA has demon-
strated encouraging outcomes, highlighting the high local control rates achievable with
proton therapy and its potential to enhance outcomes in advanced liver cancers [201]. In a
separate study, 66 patients with unresectable iCCA received HF-RT using proton or photon
RT. The findings revealed a substantial 84% local control rate and a 58% OS at the two-year
mark, with even more favorable outcomes (93% local control) for patients undergoing
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definitive treatment. Multivariate analysis identified vital factors influencing local control,
including age, prior surgery, and macrovascular invasion, as well as factors affecting OS,
such as gender and prior chemotherapy. This body of research collectively underscores
the value of RT, with proton therapy demonstrating significant potential for improving
outcomes in challenging liver cancers [201,202].

Furthermore, a pertinent study involving iCCA patients sheds light on the role of liver
radiotherapy (L-RT) in advanced liver cancers. While the primary focus was on patients
with extrahepatic metastatic disease, the study underscores the potential benefits of RT.
Among the findings, iCCA patients with extrahepatic metastatic disease who received
L-RT exhibited a median OS of 21 months, a significant improvement compared to patients
treated with chemotherapy alone, who had a median OS of 9 months. Notably, treatment-
related liver failure was less common among those who received L-RT. These results
emphasize the potential advantages of RT, even in the context of challenging CCA cases
and in the presence of metastatic disease [203].

6. Conclusions

This comprehensive review has shed light on the array of treatment strategies, their
outcomes, and potential future directions. Moreover, neoadjuvant chemotherapy, such
as durvalumab plus gemcitabine and cisplatin, holds promise for advanced CCA cases,
potentially expanding the scope of surgical resection. Interventional therapies, including
chemoembolization, have been recognized as valuable approaches for managing unre-
sectable CCA, offering enhanced survival and local disease control. HAIC has demon-
strated efficacy in specific cases, while ongoing clinical trials seek to provide deeper insights
into these promising approaches. TACE and dbTACE demonstrate localized chemotherapy
delivery, fostering tumor regression and prolonged survival. RE, ablative methods such
as RFA and IRE, and RT, including proton therapy, offer potential avenues for treating
unresectable CCA. Moreover, the expanding realm of targeted therapy in CCA, driven
by genetic profiling and gene mutations such as FGFR2, IDH1, IDH2, NTRK, BRAF, and
HER2, is revolutionizing personalized treatment approaches. Genetic testing plays a pivotal
role in identifying these mutations and guiding treatment choices. CAR-T cell therapy
is promising for CCA patients, especially those with specific biomarkers. Despite the
progress made, CCA treatment remains intricate, with limited therapeutic options and
high mortality rates. This review underscores the necessity for continued research and
clinical trials to refine treatment protocols, evaluate emerging therapies, and ultimately
enhance the prognosis for CCA patients. Further investigations are essential to establish
definitive guidelines for adjuvant, neoadjuvant, and interventional therapies and to explore
the potential of immunotherapies. The pursuit of effective CCA treatments is ongoing, and
this review contributes to our understanding of this challenging field.
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