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SUMMARY

Surgical resection could offer the only chance of a long-term cure for biliary tract carcinoma.
However, only a small percentage of these patients can undergo surgery based on the progression
of the disease. Most patients with biliary tract carcinoma receive palliative chemotherapy. Until
2010, patients with unresectable biliary tract carcinoma received fluorouracil (5-FU), gemcitabine
(GEM), and cisplatin (CDDP)-based chemotherapies. The ABC-02 study established GEM with
CDDP as the first-line therapy for patients with unresectable biliary tract carcinoma, and phase III
studies indicated that several combinations of anti-cancer drugs such as GEM with S-1 benefited
patients. In contrast, clinical studies on targeted therapy dosages for biliary tract carcinoma in the
2010s failed to corroborate the advantages of administering cancer treatment with or without other
anticancer drugs. Due to the easy access to cancer panels, precision medicines (such as ivosidenib
for IDH1 mutations, pemigatinib for FGFR2 fusions, and entrectinib and larotrectinib for NTRK
fusions) were recently found to be effective in the treatment of patients with these genetic
alterations. Moreover, many clinical studies on immune checkpoint inhibitors for advanced biliary
tract carcinoma are currently underway and could provide more effective treatment options in the
near future.
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1. Introduction
Biliary tract carcinoma refers to a group of malignancies
of the biliary epithelium. Based on anatomical origin,
biliary tract carcinoma is classified into the following
categories: intrahepatic cholangiocarcinoma, perihilar
cholangiocarcinoma, distal cholangiocarcinoma,
gallbladder carcinoma, and ampullary cancer (1).
Pathologically, most of these tumors are adenocarcinoma
(2). Surgical resection with negative margins and porta
hepatis lymphadenectomy is the standard of care and
offers the only chance of a long-term cure (3).
However, only a few patients with biliary tract
carcinoma are eligible for curative surgery because of
metastasis to distant sites and lymph nodes and direct
invasion of the major vessels (4). Moreover, even
patients who undergo curative resection have poor
outcomes due to the high rate of tumor recurrence (1).
Therefore, the development of non-surgical treatment
options is a pressing issue for patients with biliary tract
carcinoma.
Chemotherapy is performed using a drug or a
combination of drugs and is a palliative treatment option
for patients with advanced disease. Anti-cancer drugs

such as fluorouracil (5-FU), gemcitabine (GEM), and
cisplatin (CDDP) are cytotoxic; they kill tumor cells
by inhibiting the division of rapidly growing cells,
yet they simultaneously affect normal cells that have
fast proliferation rates. However, targeted therapies
are cytostatic and use monoclonal antibodies or small
molecule inhibitors that act on specific molecular targets
that are associated with cancer to induce the death of
tumor cells via apoptosis and stimulation of the immune
system. When used in combination with anticancer
drugs, targeted therapies deliver anticancer drugs to
cancer cells, consequently minimizing undesirable
adverse reactions (5,6).
The current review has focused on the 30-year history
of chemotherapy for advanced biliary tract carcinoma,
including anticancer drugs, targeted therapies, precision
medicine, and immunotherapies. Here, a systemic review
of the literature was conducted to estimate the level of
evidence supporting the use of a chemotherapy regimen
for patients with advanced biliary tract carcinoma.
2. First-line chemotherapy
Patients with advanced biliary tract carcinoma receive

www.biosciencetrends.com

190

BioScience Trends. 2022; 16(3):189-197.

Table 1. Chemotherapy for biliary tract carcinoma (phase III and randomized comparative phase II trials) (> 80 patients)
Author

Trial

First-line chemotherapy
Glimelius
Valle
Okusaka
Sharma
Kim
Morizane
Second-line chemotherapy
Lamarca
Adjuvant chemotherapy
Primrose

Patient No. Year
90

1996

JCOG1113

410
84
82
224
354

ABC-06
BILCAP

ABC-02

Regimen

Primary end point

Remarks

Ref.

including pancreatic
cancer

(10)

NA

2010
2010
2010
2019
2019

5-FU with/without etoposide
vs. BSC
GEM/CDDP vs. GEM
GEM/CDDP vs. GEM
GEMOX vs. BSC vs. FUFA
XELOX vs. GEMOX
GEM/CDDP vs. GEM/S-1

162

2021

FOLFOX vs. BSC

OS

(36)

447

2019

Capecitabine vs. Observation

OS

(41)

OS
1-year OS
OS
6-mo PFS
OS

(7)
(24)
Gallbladder carcinoma (28)
Not inferior
(30)
Not inferior
(31)

GEM, gemcitabine; CDDP, cisplatin; OS, overall survival; BSC; best supportive care; FUFA, 5-FU plus folinic acid; XELOX, capecitabine plus
oxaliplatin; GEMOX, gemcitabine plus oxaliplatin; FOLFOX, 5-FU plus oxaliplatin; PFS, progression-free survival.

chemotherapy as the main treatment when surgical
resection is not an option. However, randomized control
trials involving large cohorts were not conducted until
2010, when the ABC-02 study proved that combination
chemotherapy using GEM and CDDP was associated
with longer patient survival (7). It remains one of the
options for first-line treatment of unresectable biliary
tract carcinoma (Table 1).
2.1. Fluorouracil-based chemotherapy
In the late 1980s and 1990s, 5-FU-based chemotherapy
yielded modest results in patients with unresectable
biliary tract carcinoma (8-11). In a prospective
randomized Eastern Cooperative Oncology Group
(ECOG) study, 53 patients with advanced gallbladder
cancer and 34 with advanced bile duct cancer were
treated with oral 5-FU-based chemotherapy (oral 5-FU
alone or oral 5-FU with streptozotocin or oral 5-FU
with methyl-CCNU), and about 10% of patients had an
objective response (9). In the late 1990s, a small-scale
randomized study indicated that chemotherapy (5-FU
with/without etoposide) was effective for patients with
unresectable biliary tract or pancreatic cancer compared
to best supportive care (median overall survival [OS]
time, 6.0 months vs. 2.5 months) (10). The overall
response rate to 5-FU modulated with leucovorin
was 32%, indicating that the regimen could lead to
prolonged patient survival (8). A phase II trial indicated
that a regimen of 5-FU, doxorubicin, and mitomycin C
was also effective, and a partial response was achieved
in 31% of patients with advanced or recurrent biliary
tract carcinoma (12). Besides 5-FU, single agents, such
as CDDP and mitomycin C, do not have significant
antitumor activity against biliary tract carcinoma (13,14).
2.2. Gemcitabine alone
GEM is a nucleotide analog with biological activity
against a broad spectrum of solid tumors such as

pancreatic, breast, and lung cancers (15). It has
remarkable efficacy against advanced biliary tract
carcinoma and is now considered to be a key drug to treat
these neoplasms (16). Several phase II studies with GEM
alone (a dosing regimen of 1,000-2,200 mg/m2, GEM
administered over 30 min weekly for two or three weeks
with a week of rest) were reported in the early 2000s (1720). These trials had a response rate ranging from 12 to
36% within an acceptable level of toxicities and median
OS of 7.2 to 11.5 months.
2.3. Gemcitabine in combination with platinum
compounds
Later, phase II trials using GEM in combination with
other agents were reported. In the early 2000s, the
median OS of patients with advanced biliary tract
carcinoma receiving GEM with a 5-FU infusion along
with intravenous infusion of leucovorin ranged from 4.7
to 9.7 months (21,22). In the late 2000s, many phase II
studies that included > 30 patients by arm assessed a
combined regimen of GEM and CDDP (GEM/CDDP)
(23). The administered dosage was 1,000 or 1,250 mg/
m2 and 20−80 mg/m2, respectively. In a meta-analysis
of 16 studies using the GEM and CDDP combination,
the median OS was 9.8 months (range: 5.0−15.2
months).
In 2010, the multicentric phase III ABC-02 study
established GEM (1,000 mg mg/m2) with CDDP (25
mg mg/m 2) as the standard of first-line therapy for
patients with unresectable biliary tract carcinoma, and
it continues to be standard first-line chemotherapy (7).
GEM with CDDP resulted in a significant survival
advantage as chemotherapy for advanced biliary tract
carcinoma; patients who were treated with GEM/
CDDP lived longer than those treated with GEM alone
in terms of OS (median: 11.7 vs. 8.1 months, P <
0.001) and progression-free survival (PFS) (8.0 vs. 5.0
months, P < 0.001). The effectiveness of this regimen
was reproducibly demonstrated in a randomized phase
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II study in Japan (median OS: 11.2 months vs. 7.7
months) (24).
In the late 2010s, GEM plus nab-paclitaxel became
a standard treatment regimen for advanced biliary tract
carcinoma (25,26). The median OS and PFS of 74
patients who received intravenous nab-P and GEM were
12.4 and 7.7 months, respectively (26). Moreover, a
better PFS (median, 11.8 months) and OS (19.2 months)
were indicated in a phase II study using nab-paclitaxel in
addition to GEM/CDDP for 62 patients with advanced
biliary tract carcinoma (27).
Oxaliplatin is a third-generation platinum compound
that causes much less nausea, vomiting, and renal
toxicity, but it has a high rate of peripheral neuropathy
compared to high-dose CDDP. Besides the GEM/CDDP
regimen, phase II studies using GEM with oxaliplatin
(GEMOX) for advanced biliary tract carcinoma were
reported in the late 2000s (23). A meta-analysis of data
of the 14 GEMOX group indicated that median OS
was 10 months (range: 8.8−11 months), suggesting that
GEMOX could be considered as a standard equivalent
to GEM/CDDP. A study by Sharma et al. was the only
phase III study to find that GEMOX helped to prolong
OS in patients with advanced gallbladder carcinoma
compared to those receiving best supportive care (median
OS: 9.5 vs. 4.5 months, P = 0.039) in 2010 (28).
Capecitabine is an oral fluoropyrimidine prodrug
that exhibits preferential conversion to 5-FU in tumor
tissue. Capecitabine plus oxaliplatin (XELOX) has also
displayed modest activity against biliary tract carcinoma
(29,30). In a 2019 phase III study, the median OS was
10.4 months for the GEMOX group and 10.6 months for
the XELOX group (P = 0.131), and the median PFS was
5.3 months and 5.8 months (P = 0.171), respectively (30).
Grade 3 to 4 adverse events did not differ significantly
between the two groups. However, the XELOX group
had a significantly lower frequency of hospital visits
due to the oral administration of capecitabine. The
aforementioned randomized trial indicated that XELOX
was not significantly inferior to GEMOX in terms of the
6-month PFS rate.
2.4. GEM in combination with S-1
S-1 is an oral dihydropyrimidine dehydrogenase
inhibitory fluoropyrimidine based on biochemical
modulation of 5-FU, and it results in a high 5-FU
concentration in the blood for a long duration. In
2019, the JCOG1113 study indicated that GEM plus
S-1 (GEM/S-1) was not inferior in treating advanced
biliary tract carcinoma, and it had an acceptable toxicity
profile compared to GEM/CDDP in a phase III study
(median OS, 15.1 months vs. 13.4 months; median
PFS, 6.8 months vs. 5.8 months) (31). That study
was the first to provide positive results for advanced
biliary tract carcinoma since the ABC-02 study. Unlike
GEM/CDDP, the GEM/S-1 regimen does not require

hydration; therefore, it became a convenient standard
option for patients with advanced biliary tract carcinoma.
Moreover, the TG 1308 study, a phase II trial using a
modified GEM/S-1 regimen, noted a moderate efficacy
(median OS, 12.7 months, and median PFS, 5.4 months)
with a favorable safety profile in patients with advanced
biliary tract carcinoma in 2020 (32).
3. Second-line chemotherapy
Available evidence from the phase III ABC-02 and
JCOG1113 studies indicated that GEM/CDDP and
GEM/S-1 are the standard first-line chemotherapy
regimens for advanced biliary tract carcinoma (7,31).
After standard first-line chemotherapies, however,
there is little available evidence to propose second-line
chemotherapy for the disease.
In the mid-2010s, multicentric retrospective studies
using various types of regimens indicated that the OS
and RFS of patients receiving second-line chemotherapy
after first-line chemotherapy with GEM and platinum
(GEM/CDDP or GEMOX) were 6.5−6.7 months and
1.9−3.2 months, respectively (33-35). The heterogeneous
patient populations, small sample sizes, and lack of phase
III trials were responsible for the absence of a standard
second-line chemotherapy beyond the failure of GEM/
CDDP treatment at this point.
In 2021, the ABC-06 phase III study indicated
that 5-FU plus oxaliplatin (FOLFOX) chemotherapy
could improve OS for patients with advanced biliary
tract carcinoma after progression to first-line GEM/
CDDP (36). A total of 162 patients were enrolled in that
study, and the survival of patients receiving second-line
FOLFOX chemotherapy (every 2 weeks for a maximum
of 12 cycles) was significantly longer than that of the
best supportive care group (median OS, 6.2 months vs. 5.3
months, P = 0.031), with a clinically meaningful increase
in PFS (median, 4.0 months) and objective response
(4.9%). That said, a higher rate of grade 3−5 adverse
events was reported in the FOLFOX group (69.1% vs.
51.8%).
Phase II studies have evaluated the efficacy and
safety of modified 5-FU plus oxaliplatin and irinotecan
(FOLFIRINOX) as a second-line treatment for patients
who failed to respond to GEM-based treatment for
advanced biliary tract carcinoma. These studies indicated
that the objective response rate was 10−26% with no
complete response and that the median OS and PFS were
6.2−13.2 months and 2.8−6.7 months, respectively (3739). FOLFIRINOX could be considered as an option
for salvage treatment in these patients if long-term
administration of modified FOLFIRINOX with toxicity
management is possible.
Besides anticancer drugs, targeted therapies and
precision medicine have been examined as a secondline treatment for patients with advanced biliary tract
carcinoma (described below).
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Table 2. Targeted therapy for biliary tract carcinoma (> 100 patients)
Author
Phase III trial
Lee
Abou-Alfa
Phase II trial
Bibeau
Tumor-agnostic therapy
Hong
Demetri

Trial

Patient No. Year

Regimen

Primary end point

Remarks

Ref.

ClarlDHy

268
185

2012
2020

GEMOX/erlotinib vs. GEMOX
ivosidenib vs. placebo

PFS
PFS

IDH1 mutation

(54)
(59)

FIGHT-202

107

2022

pemigatinib (single arm)

NA

FGFR2 fusions

(62)

154
121

2020
2022

larotrectinib (single arm)
entrectinib (single arm)

NA
NA

NTRK fusions
NTRK fusions

(71)
(72)

PFS, progression-free survival; GEMOX, gemcitabine plus oxaliplatin.

4. Adjuvant chemotherapy
Surgical resection is the only curative treatment for
patients with biliary tract carcinoma, but these patients
experience tumor recurrence at a high rate even after
complete resection (1). Therefore, the efficacy of
adjuvant therapy for biliary tract carcinoma should be
verified (40).
Three phase III trials on adjuvant chemotherapy
were conducted in the late 2010s. The phase III
BILCAP study in 2019 compared oral capecitabine
with observation as an adjuvant therapy in patients with
biliary tract carcinoma after curative resection, and it
provided evidence that capecitabine could improve the
OS of these patients. Although the OS primary endpoint
analyzed in the intention-to-treat analysis did not reach
statistical significance (median OS: 51.1 months vs.
36.4 months; P = 0.097), the adjusted median OS was
53 months in the capecitabine group and 36 months
in the observation group according to the per-protocol
analysis (P = 0.028). Recurrence-free survival (RFS) of
patients in the capecitabine group was also significantly
longer than that of patients in the observation group
(median RFS: 24.4 months vs. 17.5 months; P = 0.033)
(41).
Alternatively, adjuvant GEMOX provided no
benefit to patients undergoing curative resection for
biliary tract carcinoma. In a phase III trial reported in
2019, both OS (median, 75.8 months vs. 50.8 months; P
= 0.74) and RFS (30.4 months vs. 18.5 months; P = 0.48)
did not differ significantly between the GEMOX group
and the surveillance group (42).
Given that GEM/CDDP has been the standard firstline treatment for patients with unresectable biliary tract
carcinoma as indicated in the ABC-02 trial (7), GEM/
CDDP should be effective as adjuvant chemotherapy
as well. A non-randomized small cohort phase II study
indicated the promising survival of patients undergoing
curative resection for biliary tract carcinoma (43).
Moreover, a multicenter, open-label, randomized phase
III trial on the efficacy of adjuvant GEM/CDDP is
underway (44).
5. Targeted therapy

Targeted therapy is a type of personalized medical
therapy that is designed to block specific molecules
involved in the growth and spread of cancer cells.
Interfering with a specific biochemical pathway kills
cancer cells or keeps them from developing, growing,
and spreading. Targeted therapy may cause less harm to
normal cells and may cause fewer adverse reactions than
other types of cancer treatment (Table 2).
5.1. Phase II trials using targeted therapy for biliary tract
carcinoma
Phase II trials using targeted therapy for biliary tract
carcinoma were reported from the late 2000s to the
2010s, but most of them failed to demonstrate the benefit
of targeted therapies in cancer treatment with or without
other anticancer drugs.
Lapatinib is an inhibitor of epidermal growth factor
receptors (EGFRs) 1 and 2 and was administered to
17 patients with advanced biliary tract carcinoma (45).
However, the response rate was 0%, indicating that
treatment with lapatinib was not effective against biliary
tract carcinoma. The addition of other molecularly
targeted therapies to anticancer drugs did not enhance
the activity of chemotherapy in patients with advanced
biliary tract carcinoma. The phase II, randomized
NCT00552149 study indicated that OS was 11.0 months
in the GEMOX plus cetuximab group (cetuximab is
an EGFR antagonist) and 12.4 months in the GEMOX
alone group, and PFS was 6.1 months and 4.0 months,
respectively (46). Sorafenib is a multi-kinase inhibitor
drug and is the first drug that has demonstrated
effectiveness against advanced hepatocellular carcinoma
(47). First-line GEM plus sorafenib was evaluated in a
double-blind phase II study (NCT00661830), but the
addition of sorafenib to GEM did not result in improved
efficacy in patients with advanced biliary tract carcinoma
(median OS: 8.4 months [GEM plus sorafenib] vs. 11.2
months [GEM alone]; median PFS: 3.0 months vs. 4.9
months) (48). In a single-arm phase II study in 2018, the
addition of a humanized anti-vascular endothelial growth
factor (VEGF) monoclonal antibody, bevacizumab, to
GEM/capecitabine did not improve outcomes for patients
with advanced biliary tract carcinoma compared to
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historical controls (response rate: 24%; median OS: 10.2
months; median PFS: 8.1 months) (49).
5.2. Erlotinib for biliary tract carcinoma
Erlotinib is an oral EGFR tyrosine-kinase inhibitor, and
its most common and severe toxicity is a skin rash. The
drug was approved for patients with various types of
cancer such as pancreatic (50) and colorectal cancers (51),
and in the late 2000s, phase II trials using erlotinib alone
(52) or in combination with bevacizumab (53) indicated
that the median OS and PFS in patients with advanced
biliary tract carcinoma were 7.5−9.9 months and 2.6−4.4
months, respectively.
In the NCT01149122 phase III study in 2012, patients
with advanced biliary tract carcinoma were assigned to
receive either GEMOX or GEMOX plus erlotinib (54).
This study noted no significant difference in either RFS
(median: 4.2 months vs. 5.8 months, P = 0.087) or OS (9.5
months vs. 9.5 months, P = 0.611) between the GEMOX
alone and GEMOX plus erlotinib groups. However, a
subgroup analysis based on primary origin indicated
the additional effect of erlotinib on PFS in patients with
advanced cholangiocarcinoma (median: 3.0 months vs.
5.9 months, P = 0.049).
6. Precision medicine
With recent advances in biological technologies, highthroughput genome sequencing has been used to
elucidate the genetic basis of many types of cancer. To
date, next-generation sequencing (NGS) technologies
have identified molecular targets, and genome-based
drugs have been used clinically (55,56).
The US Food and Drug Administration (FDA)
approved ivosidenib (for patients with IDH1 mutation)
and pemigatinib (for patients with FGFR2 fusions/
rearrangements or alterations) for patients with biliary
tract carcinoma as a second-line chemotherapy. Both of
these were well-tolerated and resulted in a favorable OS
benefit.
6.1. Ivosidenib for biliary tract carcinoma with IDH1
mutation
The Cancer Genome Atlas (TCGA) study that analyzed
38 intrahepatic cholangiocarcinoma samples found
the IDH1 mutation in seven samples (18.4%) of
intrahepatic cholangiocarcinoma (57). Ivosidenib
is a small molecule inhibitor of mutated IDH1 that
decreases the abnormal production of oncometabolite
2-hydroxyglutarate and that contributes to the
differentiation of malignant cells (58).
The phase III randomized clinical ClarlDHy trial
involved 187 patients with biliary tract carcinoma
harboring the IDH1 mutation who had disease
progression after prior treatments (59,60). These patients

were randomly assigned (2:1) to receive ivosidenib or
a matched placebo. The PFS of the ivosidenib group
(median, 2.7 months) was significantly longer than
that of the placebo group (1.4 months, P < 0.001) (59).
However, OS did not differ significantly between the two
groups (median: 10.3 months vs. 7.5 months; P = 0.09).
When adjusted for crossover, however, the median OS of
the placebo group (5.1 months) was significantly shorter
than that of the ivosidenib group (P < 0.001).
6.2. Pemigatinib to treat biliary tract carcinoma with
FGFR2 aberrations
In the TCGA study, RNA-seq data revealed that
expressed FGFR2 fusion/rearrangements were involved
in the pathogenesis of cholangiocarcinoma. Pemigatinib
is an oral FGFR1, 2, 3 inhibitor that was first approved
as a targeted treatment for biliary tract carcinoma by the
US FDA in 2020.
The FIGHT-202 study ‒ a multicenter, open-label,
phase II study ‒ included patients who had received firstor second-line systemic therapy for advanced biliary
tract carcinoma. This study indicated that an objective
response was achieved in 38 (35.5%) of 107 patients with
FGFR2 fusions/rearrangements treated with pemigatinib;
a complete response was achieved in 3 (2.8%), a partial
response was achieved in 35 (32.7), and 50 (46.7%) had
stable disease (61). A follow-on study involved the same
cohort was published two years later and it indicated
that the median PFS was 7.0 months for patients with
FGFR2 fusions/rearrangements (n = 65) who received
second-line pemigatinib during the trial (62). The phase
III FIGHT-302 study comparing the efficacy of firstline pemigatinib vs. GEM/CDDP in patients with biliary
tract carcinoma with FGFR2 fusions/rearrangements is
ongoing (63).
7. Tumor-agnostic treatment
Due to the direct detection of gene fusion using the NGS
approach, NTRK fusion assessment has recently become
a standard part of management for patients with diverse
types of advanced cancers (64), although the frequency
of NTRK fusions in biliary tract carcinoma is estimated to
be 0.25−3.6% (65,66). Gene fusions involving NTRK1,
NTRK2, or NTRK3 were found in a broad range of
pediatric and adult malignancies (67,68), leading to the
expression of chimeric rearrangements in tropomyosin
receptor kinases (TRKs). Entrectinib and larotrectinib
are inhibitors of TRKA, B, and C, and have been shown
to have prominent anti-tumor activity against oncogenic
NTRK gene fusion-positive solid tumors including biliary
tract carcinoma (69,70).
In 2020, a pooled study of larotrectinib for TRK
fusion-positive advanced solid tumors (NAVIGATE),
including biliary tract carcinoma, indicated that an
objective response was achieved in 121 (79.0%) of 153

www.biosciencetrends.com

BioScience Trends. 2022; 16(3):189-197.

194

Figure 1. The history of treatment for biliary tract carcinoma.

patients while a complete response was achieved in 24
(15.6%) (71). Moreover, integrated analysis using the
datasets of three ongoing clinical trials of entrectinib
(ALKA-372-001 [phase I], STARTRK-1 [phase I],
and STARTRK-2 [phase II]) was performed in 2022.
This pre-specified analysis of 121 adult patients with
advanced NTRK fusion-positive solid tumors included
1 patient with biliary tract carcinoma. An objective
response was achieved in 74 patients (61.2%), including
a complete response in 19 (15.7%), a partial response in
55 (45.5%), and stable disease in 13 (10.7%). At the data
cut-off, OS and PFS were 33.8 months and 13.8 months,
respectively (72).
8. Immunotherapy
Checkpoint inhibitors are monoclonal antibodies
targeting the cytotoxic T lymphocyte antigen 4 or PD-1/
PD-L1 immune checkpoint pathways, which block a
signaling pathway that prevents the activation of T cells
from attacking the cancer and enable tumor-reactive
T-cells to mount an anticancer immune response (73).
In 2017, the US FDA approved the anti-PD-1 agent
pembrolizumab for the treatment of any type of cancer
with microsatellite instability-high (MSI-H) (74).
However, no studies have indicated the efficacy of
immune checkpoint inhibitors for advanced biliary tract
carcinoma thus far (75,76).
Immunotherapy for biliary tract carcinoma has
now been explored and is currently being evaluated
in several clinical trials to provide novel and more
effective treatment options. A randomized phase II
IMbrave 151 study (atezolizumab + GEM/CDDP in

combination with or without bevacizumab) is now
underway, and that regimen is expected to be effective
as a first-line treatment for advanced biliary tract
carcinoma (77).
9. Future perspectives
After the establishment of a first-line treatment using
GEM/CDDP or GEM/S-1 regimen for advanced
biliary tract carcinoma, the next era will witness the
identification of biomarkers that determine subtypes
of patients who are amenable to precision medicine
(Figure 1). Due to the easy access to cancer panels, the
presence of driver mutations, such as IDH1, and fusion
events, such as the FGFR2 and TRK genes in biliary
tract carcinoma, and MSI-H in all types of solid tumors
can easily be determined. Hence, the personalized
treatment options for patients with advanced biliary
tract carcinoma are steadily increasing. However, such
precision medicine is still limited to only a minority of
patients receiving treatment for biliary tract carcinoma.
However, clinical trials of immune checkpoint inhibitors
in combination with or without other anticancer drugs
are currently underway, and immunotherapy options for
biliary tract carcinoma are a current topic of debate. Data
from these clinical trials should lead to more effective
treatment options for this immunologically "cold"
malignancy.
Funding: This work was supported by a Grant-in-Aid
for Scientific Research (C) 21K08807 from the Ministry
of Education, Culture, Sports, Science and Technology
(MEXT), Japan.

www.biosciencetrends.com

195

BioScience Trends. 2022; 16(3):189-197.

Conflict of Interest: The author has no conflicts of
interest to disclose.
17.

References
1.
2.

3.

4.
5.
6.
7.

8.

9.

10.

11.
12.
13.

14.

15.
16.

Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet.
2014; 383:2168-2179.
Eckel F, Brunner T, Jelic S, Group EGW. Biliary cancer:
ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2011; 22 Suppl
6:vi40-4.
Banales JM, Marin JJG, Lamarca A, et al.
Cholangiocarcinoma 2020: The next horizon in
mechanisms and management. Nat Rev Gastroenterol
Hepatol. 2020; 17:557-588.
Kelley RK, Bridgewater J, Gores GJ, Zhu AX. Systemic
therapies for intrahepatic cholangiocarcinoma. J Hepatol.
2020; 72:353-363.
Rixe O, Fojo T. Is cell death a critical end point for
anticancer therapies or is cytostasis sufficient? Clin
Cancer Res. 2007; 13:7280-7287.
Serkova NJ, Eckhardt SG. Metabolic imaging to assess
treatment response to cytotoxic and cytostatic agents.
Front Oncol. 2016; 6:152.
Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney
A, Maraveyas A, Madhusudan S, Iveson T, Hughes
S, Pereira SP, Roughton M, Bridgewater J; ABC-02
Trial Investigators. Cisplatin plus gemcitabine versus
gemcitabine for biliary tract cancer. N Engl J Med. 2010;
362:1273-1281.
Choi CW, Choi IK, Seo JH, Kim BS, Kim JS, Kim CD,
Um SH, Kim JS, Kim YH. Effects of 5-fluorouracil and
leucovorin in the treatment of pancreatic-biliary tract
adenocarcinomas. Am J Clin Oncol. 2000; 23:425-428.
Falkson G, MacIntyre JM, Moertel CG. Eastern
Cooperative Oncology Group experience with
chemotherapy for inoperable gallbladder and bile duct
cancer. Cancer. 1984; 54:965-969.
Glimelius B, Hoffman K, Sjödén PO, Jacobsson G,
Sellström H, Enander LK, Linné T, Svensson C.
Chemotherapy improves survival and quality of life in
advanced pancreatic and biliary cancer. Ann Oncol. 1996;
7:593-600.
Oberfield RA, Rossi RL. The role of chemotherapy in the
treatment of bile duct cancer. World J Surg. 1988; 12:105108.
Harvey JH, Smith FP, Schein PS. 5-Fluorouracil,
mitomycin, and doxorubicin (FAM) in carcinoma of the
biliary tract. J Clin Oncol. 1984; 2:1245-1248.
Okada S, Ishii H, Nose H, Yoshimori M, Okusaka T,
Aoki K, Iwasaki M, Furuse J, Yoshino M. A phase II
study of cisplatin in patients with biliary tract carcinoma.
Oncology. 1994; 51:515-517.
Taal BG, Audisio RA, Bleiberg H, Blijham GH, Neijt
JP, Veenhof CH, Duez N, Sahmoud T. Phase II trial of
mitomycin C (MMC) in advanced gallbladder and biliary
tree carcinoma. An EORTC Gastrointestinal Tract Cancer
Cooperative Group Study. Ann Oncol. 1993; 4:607-609.
Noble S, Goa KL. Gemcitabine. A review of its
pharmacology and clinical potential in non-small cell lung
cancer and pancreatic cancer. Drugs. 1997; 54:447-472.
Dingle BH, Rumble RB, Brouwers MC, Cancer
Care Ontario's Program in Evidence-Based Care's
Gastrointestinal Cancer Disease Site Group. The role

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

of gemcitabine in the treatment of cholangiocarcinoma
and gallbladder cancer: A systematic review. Can J
Gastroenterol. 2005; 19:711-716.
Gallardo JO, Rubio B, Fodor M, Orlandi L, Yanez M,
Gamargo C, Ahumada M. A phase II study of gemcitabine
in gallbladder carcinoma. Ann Oncol. 2001; 12:14031406.
Lin MH, Chen JS, Chen HH, Su WC. A phase II trial of
gemcitabine in the treatment of advanced bile duct and
periampullary carcinomas. Chemotherapy. 2003; 49:154158.
Park JS, Oh SY, Kim SH, Kwon HC, Kim JS, Jin-Kim
H, Kim YH. Single-agent gemcitabine in the treatment of
advanced biliary tract cancers: A phase II study. Jpn J Clin
Oncol. 2005; 35:68-73.
Penz M, Kornek GV, Raderer M, Ulrich-Pur H, Fiebiger
W, Lenauer A, Depisch D, Krauss G, Schneeweiss B,
Scheithauer W. Phase II trial of two-weekly gemcitabine
in patients with advanced biliary tract cancer. Ann Oncol.
2001; 12:183-186.
Alberts SR, Al-Khatib H, Mahoney MR, Burgart L,
Cera PJ, Flynn PJ, Finch TR, Levitt R, Windschitl HE,
Knost JA, Tschetter LK. Gemcitabine, 5-fluorouracil,
and leucovorin in advanced biliary tract and gallbladder
carcinoma: A North Central Cancer Treatment Group
phase II trial. Cancer. 2005; 103:111-118.
Hsu C, Shen YC, Yang CH, Yeh KH, Lu YS, Hsu CH,
Liu HT, Li CC, Chen JS, C-Y Wu, Cheng AL. Weekly
gemcitabine plus 24-h infusion of high-dose 5-fluorouracil/
leucovorin for locally advanced or metastatic carcinoma
of the biliary tract. Br J Cancer. 2004; 90:1715-1719.
Fiteni F, Nguyen T, Vernerey D, Paillard MJ, Kim S,
Demarchi M, Fein F, Borg C, Bonnetain F, Pivot X.
Cisplatin/gemcitabine or oxaliplatin/gemcitabine in the
treatment of advanced biliary tract cancer:A systematic
review. Cancer Med. 2014; 3:1502-1511.
Okusaka T, Nakachi K, Fukutomi A, Mizuno N, Ohkawa
S, Funakoshi A, Nagino M, Kondo S, Nagaoka S, Funai
J, Koshiji M, Nambu Y, Furuse J, Miyazaki M, Nimura
Y. Gemcitabine alone or in combination with cisplatin
in patients with biliary tract cancer: A comparative
multicentre study in Japan. Br J Cancer. 2010; 103:469474.
Bachet JB, Hammel P, Desrame J, et al. Nab-paclitaxel
plus either gemcitabine or simplified leucovorin and
fluorouracil as first-line therapy for metastatic pancreatic
adenocarcinoma (AFUGEM GERCOR): A noncomparative, multicentre, open-label, randomised phase 2
trial. Lancet Gastroenterol Hepatol. 2017; 2:337-346.
Sahai V, Catalano PJ, Zalupski MM, Lubner SJ, Menge
MR, Nimeiri HS, Munshi HG, Benson AB 3rd, O'Dwyer
PJ. Nab-paclitaxel and gemcitabine as first-line treatment
of advanced or metastatic cholangiocarcinoma: A phase 2
clinical trial. JAMA Oncol. 2018; 4:1707-1712.
Shroff RT, Javle MM, Xiao L, Kaseb AO, Varadhachary
GR, Wolff RA, Raghav KPS, Iwasaki M, Masci P,
Ramanathan RK, Ahn DH, Bekaii-Saab TS, Borad
MJ. Gemcitabine, cisplatin, and nab-paclitaxel for the
treatment of advanced biliary tract cancers: A phase 2
clinical trial. JAMA Oncol. 2019; 5:824-830.
Sharma A, Dwary AD, Mohanti BK, Deo SV, Pal S,
Sreenivas V, Raina V, Shukla NK, Thulkar S, Garg P,
Chaudhary SP. Best supportive care compared with
chemotherapy for unresectable gall bladder cancer:
A randomized controlled study. J Clin Oncol. 2010;

www.biosciencetrends.com

BioScience Trends. 2022; 16(3):189-197.
28:4581-4586.
29. Graham JS, Boyd K, Coxon FY, Wall LR, Eatock MM,
Maughan TS, Highley M, Soulis E, Harden S, BützbergerZimmerli P, Evans TR. A phase II study of capecitabine
and oxaliplatin combination chemotherapy in patients with
inoperable adenocarcinoma of the gall bladder or biliary
tract. BMC Res Notes. 2016; 9:161.
30. Kim ST, Kang JH, Lee J, et al. Capecitabine plus
oxaliplatin versus gemcitabine plus oxaliplatin as first-line
therapy for advanced biliary tract cancers: A multicenter,
open-label, randomized, phase III, noninferiority trial.
Ann Oncol. 2019; 30:788-795.
31. Morizane C, Okusaka T, Mizusawa J, et al. Combination
gemcitabine plus S-1 versus gemcitabine plus cisplatin
for advanced/recurrent biliary tract cancer: The FUGABT (JCOG1113) randomized phase III clinical trial. Ann
Oncol. 2019; 30:1950-1958.
32. Chiang NJ, Chen MH, Yang SH, Hsu C, Yen CJ, Tsou
HH, Su YY, Chen JS, Shan YS, Chen LT. Multicentre,
phase II study of gemcitabine and S-1 in patients with
advanced biliary tract cancer: TG1308 study. Liver Int.
2020; 40:2535-2543.
33. Brieau B, Dahan L, De Rycke Y, et al. Second-line
chemotherapy for advanced biliary tract cancer after
failure of the gemcitabine-platinum combination: A
large multicenter study by the Association des GastroEnterologues Oncologues. Cancer. 2015; 121:3290-3297.
34. Fornaro L, Vivaldi C, Cereda S, et al. Second-line
chemotherapy in advanced biliary cancer progressed
to first-line platinum-gemcitabine combination: A
multicenter survey and pooled analysis with published
data. J Exp Clin Cancer Res. 2015; 34:156.
35. Kim BJ, Yoo C, Kim KP, Hyung J, Park SJ, Ryoo
BY, Chang HM. Efficacy of fluoropyrimidine-based
chemotherapy in patients with advanced biliary tract
cancer after failure of gemcitabine plus cisplatin:
Retrospective analysis of 321 patients. Br J Cancer. 2017;
116:561-567.
36. Lamarca A, Palmer DH, Wasan HS, et al. Second-line
FOLFOX chemotherapy versus active symptom control
for advanced biliary tract cancer (ABC-06): A phase 3,
open-label, randomised, controlled trial. Lancet Oncol.
2021; 22:690-701.
37. Belkouz A, de Vos-Geelen J, Mathôt RAA, Eskens
FALM, van Gulik TM, van Oijen MGH, Punt CJA,
Wilmink JW, Klümpen HJ. Efficacy and safety of
FOLFIRINOX as salvage treatment in advanced biliary
tract cancer: An open-label, single arm, phase 2 trial. Br J
Cancer. 2020; 122:634-639.
38. Lee YP, Oh SY, Kim KM, Go SI, Kim JH, Huh SJ, Kang
JH, Ji JH. Modified FOLFIRINOX as a second-line
treatment for patients with gemcitabine-failed advanced
biliary tract cancer: A prospective multicenter phase II
study. Cancers (Basel). 2022; 14:1950.
39. Ye LF, Ren C, Bai L, Liang JY, Hu MT, Yang H, Wang
ZQ, Wang FH, Xu RH, Li YH, Wang DS. Efficacy and
safety of modified FOLFIRINOX as salvage therapy for
patients with refractory advanced biliary tract cancer: A
retrospective study. Invest New Drugs. 2021; 39:836845.
40. Shroff RT, Kennedy EB, Bachini M, Bekaii-Saab T,
Crane C, Edeline J, El-Khoueiry A, Feng M, Katz MHG,
Primrose J, Soares HP, Valle J, Maithel SK. Adjuvant
therapy for resected biliary tract cancer: ASCO Clinical
Practice Guideline. J Clin Oncol. 2019; 37:1015-1027.

196

41. Primrose JN, Fox RP, Palmer DH, et al. Capecitabine
compared with observation in resected biliary tract cancer
(BILCAP): A randomised, controlled, multicentre, phase
3 study. Lancet Oncol. 2019; 20:663-673.
42. E d e l i n e J , B e n a b d e l g h a n i M , B e r t a u t A , e t a l .
Gemcitabine and oxaliplatin chemotherapy or surveillance
in resected biliary tract cancer (PRODIGE 12-ACCORD
18-UNICANCER GI): A randomized phase III study. J
Clin Oncol. 2019; 37:658-667.
43. Siebenhüner AR, Seifert H, Bachmann H, Seifert B,
Winder T, Feilchenfeldt J, Breitenstein S, Clavien PA,
Stupp R, Knuth A, Pestalozzi B, Samaras P. Adjuvant
treatment of resectable biliary tract cancer with cisplatin
plus gemcitabine: A prospective single center phase II
study. BMC Cancer. 2018; 18:72.
44. Stein A, Arnold D, Bridgewater J, Goldstein D, Jensen
LH, Klümpen HJ, Lohse AW, Nashan B, Primrose
J, Schrum S, Shannon J, Vettorazzi E, Wege H.
Adjuvant chemotherapy with gemcitabine and cisplatin
compared to observation after curative intent resection
of cholangiocarcinoma and muscle invasive gallbladder
carcinoma (ACTICCA-1 trial) - A randomized,
multidisciplinary, multinational phase III trial. BMC
Cancer. 2015; 15:564.
45. Ramanathan RK, Belani CP, Singh DA, Tanaka M, Lenz
HJ, Yen Y, Kindler HL, Iqbal S, Longmate J, Mack PC,
Lurje G, Gandour-Edwards R, Dancey J, Gandara DR.
A phase II study of lapatinib in patients with advanced
biliary tree and hepatocellular cancer. Cancer Chemother
Pharmacol. 2009; 64:777-783.
46. Malka D, Cervera P, Foulon S, et al. Gemcitabine and
oxaliplatin with or without cetuximab in advanced biliarytract cancer (BINGO): A randomised, open-label, noncomparative phase 2 trial. Lancet Oncol. 2014; 15:819828.
47. Llovet JM, Ricci S, Mazzaferro V, et al. Sorafenib in
advanced hepatocellular carcinoma. N Engl J Med. 2008;
359:378-390.
48. Moehler M, Maderer A, Schimanski C, et al. Gemcitabine
plus sorafenib versus gemcitabine alone in advanced
biliary tract cancer: A double-blind placebo-controlled
multicentre phase II AIO study with biomarker and serum
programme. Eur J Cancer. 2014; 50:3125-3135.
49. Iyer RV, Pokuri VK, Groman A, Ma WW, Malhotra U,
Iancu DM, Grande C, Saab TB. A multicenter phase II
study of gemcitabine, capecitabine, and bevacizumab for
locally advanced or metastatic biliary tract cancer. Am J
Clin Oncol. 2018; 41:649-655.
50. Moore MJ, Goldstein D, Hamm J, et al. Erlotinib plus
gemcitabine compared with gemcitabine alone in patients
with advanced pancreatic cancer: A phase III trial of the
National Cancer Institute of Canada Clinical Trials Group.
J Clin Oncol. 2007; 25:1960-1966.
51. T o u r n i g a n d C , C h i b a u d e l B , S a m s o n B , e t a l .
Bevacizumab with or without erlotinib as maintenance
therapy in patients with metastatic colorectal cancer
(GERCOR DREAM; OPTIMOX3): A randomised, openlabel, phase 3 trial. Lancet Oncol. 2015; 16:1493-1505.
52. Philip PA, Mahoney MR, Allmer C, Thomas J, Pitot
HC, Kim G, Donehower RC, Fitch T, Picus J, Erlichman
C. Phase II study of erlotinib in patients with advanced
biliary cancer. J Clin Oncol. 2006; 24:3069-3074.
53. Lubner SJ, Mahoney MR, Kolesar JL, Loconte NK, Kim
GP, Pitot HC, Philip PA, Picus J, Yong WP, Horvath
L, Van Hazel G, Erlichman CE, Holen KD. Report of

www.biosciencetrends.com

197

54.

55.
56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

BioScience Trends. 2022; 16(3):189-197.
a multicenter phase II trial testing a combination of
biweekly bevacizumab and daily erlotinib in patients with
unresectable biliary cancer: A phase II Consortium study.
J Clin Oncol. 2010; 28:3491-3497.
Lee J, Park SH, Chang HM, et al. Gemcitabine and
oxaliplatin with or without erlotinib in advanced biliarytract cancer: A multicentre, open-label, randomised, phase
3 study. Lancet Oncol. 2012; 13:181-188.
Malone ER, Oliva M, Sabatini PJB, Stockley TL, Siu
LL. Molecular profiling for precision cancer therapies.
Genome Med. 2020; 12:8.
Park JJH, Hsu G, Siden EG, Thorlund K, Mills EJ. An
overview of precision oncology basket and umbrella trials
for clinicians. CA Cancer J Clin. 2020; 70:125-137.
Farshidfar F, Zheng S, Gingras MC, et al. Integrative
genomic analysis of cholangiocarcinoma identifies distinct
IDH-mutant molecular profiles. Cell Rep. 2017; 18:27802794.
Popovici-Muller J, Lemieux RM, Artin E, et al. Discovery
of AG-120 (ivosidenib): A first-in-class mutant IDH1
inhibitor for the treatment of IDH1 mutant cancers. ACS
Med Chem Lett. 2018 ;9:300-305.
Abou-Alfa GK, Macarulla T, Javle MM, et al.
Ivosidenib in IDH1-mutant, chemotherapy-refractory
cholangiocarcinoma (ClarIDHy): A multicentre,
randomised, double-blind, placebo-controlled, phase 3
study. Lancet Oncol. 2020; 21:796-807.
Zhu AX, Macarulla T, Javle MM, et al. Final overall
survival efficacy results of ivosidenib for patients with
advanced cholangiocarcinoma with IDH1 mutation: The
phase 3 randomized clinical ClarIDHy trial. JAMA Oncol.
2021; 7:1669-1677.
Abou-Alfa GK, Sahai V, Hollebecque A, et al.
Pemigatinib for previously treated, locally advanced or
metastatic cholangiocarcinoma: A multicentre, open-label,
phase 2 study. Lancet Oncol. 2020; 21:671-684.
Bibeau K, Feliz L, Lihou CF, Ren H, Abou-Alfa
GK. Progression-free survival in patients with
cholangiocarcinoma with or without FGF/FGFR
alterations: A FIGHT-202 post hoc analysis of prior
systemic therapy response. JCO Precis Oncol. 2022;
6:e2100414.
Bekaii-Saab TS, Valle JW, Cutsem EV, et al.
FIGHT-302: First-line pemigatinib vs gemcitabine plus
cisplatin for advanced cholangiocarcinoma with FGFR2
rearrangements. Future Oncol. 2020; 16:2385-2399.
Schram AM, Chang MT, Jonsson P, Drilon A. Fusions in
solid tumours: Diagnostic strategies, targeted therapy, and
acquired resistance. Nat Rev Clin Oncol. 2017; 14:735748.
Solomon JP, Linkov I, Rosado A, Mullaney K, Rosen EY,
Frosina D, Jungbluth AA, Zehir A, Benayed R, Drilon A,
Hyman DM, Ladanyi M, Sireci AN, Hechtman JF. NTRK
fusion detection across multiple assays and 33,997 cases:
Diagnostic implications and pitfalls. Mod Pathol. 2020;
33:38-46.

66. Vaishnavi A, Le AT, Doebele RC. TRKing down an old
oncogene in a new era of targeted therapy. Cancer Discov.
2015; 5:25-34.
67. Amatu A, Sartore-Bianchi A, Siena S. NTRK gene fusions
as novel targets of cancer therapy across multiple tumour
types. ESMO Open. 2016; 1:e000023.
68. Vaishnavi A, Capelletti M, Le AT, et al. Oncogenic and
drug-sensitive NTRK1 rearrangements in lung cancer. Nat
Med. 2013; 19:1469-1472.
69. Doebele RC, Drilon A, Paz-Ares L, et al. Entrectinib
in patients with advanced or metastatic NTRK fusionpositive solid tumours: Integrated analysis of three phase
1-2 trials. Lancet Oncol. 2020; 21:271-282.
70. Drilon A, Laetsch TW, Kummar S, et al. Efficacy of
larotrectinib in TRK fusion-positive cancers in adults and
children. N Engl J Med. 2018; 378:731-739.
71. Hong DS, DuBois SG, Kummar S, et al. Larotrectinib
in patients with TRK fusion-positive solid tumours: A
pooled analysis of three phase 1/2 clinical trials. Lancet
Oncol. 2020; 21:531-540.
72. Demetri GD, De Braud F, Drilon A, et al. Updated
integrated analysis of the efficacy and safety of entrectinib
in patients with NTRK fusion-positive solid tumors. Clin
Cancer Res. 2022; 28:1302-1312.
73. Robert C. A decade of immune-checkpoint inhibitors in
cancer therapy. Nat Commun. 2020; 11:3801.
74. Lemery S, Keegan P, Pazdur R. First FDA approval
agnostic of cancer site - When a biomarker defines the
indication. N Engl J Med. 2017; 377:1409-1412.
75. Kim RD, Chung V, Alese OB, El-Rayes BF, Li D, AlToubah TE, Schell MJ, Zhou JM, Mahipal A, Kim
BH, Kim DW. A phase 2 multi-institutional study of
nivolumab for patients with advanced refractory biliary
tract cancer. JAMA Oncol. 2020; 6:888-894.
76. Piha-Paul SA, Oh DY, Ueno M, et al. Efficacy and
safety of pembrolizumab for the treatment of advanced
biliary cancer: Results from the KEYNOTE-158 and
KEYNOTE-028 studies. Int J Cancer. 2020; 147:21902198.
77. Hack SP, Verret W, Mulla S, Liu B, Wang Y, Macarulla
T, Ren Z, El-Khoueiry AB, Zhu AX. IMbrave 151: A
randomized phase II trial of atezolizumab combined
with bevacizumab and chemotherapy in patients with
advanced biliary tract cancer. Ther Adv Med Oncol. 2021;
13:17588359211036544.
Received May 24, 2022; Revised June 18, 2022; Accepted June
21, 2022.
*Address correspondence to:
Yutaka Midorikawa, Department of General Surgery, National
Center of Neurology and Psychiatry, Tokyo 187-8551, Japan.
E-mail: mido-tky@umin.ac.jp
Released online in J-STAGE as advance publication June 23,
2022.

www.biosciencetrends.com

