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Introduction: Biliary tract cancers (BTCs) are a rare and heterogenous group with an increasing incidence and high
mortality rate. The estimated new cases and deaths of BTC worldwide are increasing, but the incidence and
mortality rates in South East Asia are the highest worldwide, representing a real public health problem in these
regions. BTC has a poor prognosis with a median overall survival <12 months. Thus, an urgent unmet clinical need
for BTC patients exists and must be addressed.
Results: The backbone treatment of these malignancies is chemotherapy in ﬁrst- and second-line setting, but in the last
decade a rich molecular landscape has been discovered, expanding conceivable treatment options. Some druggable
molecular aberrations can be treated with new targeted therapies and have already demonstrated efﬁcacy in
patients with BTC, improving clinical outcomes, such as the FGFR2 or IDH1 inhibitors. Many other molecular
alterations are being discovered and the treatment of BTC will change in the near future from our current clinical
practice.
Conclusions: In this review we discuss the epidemiology, molecular characteristics, present treatment approaches,
review the recent therapeutic advances, and explore future directions for patients with BTC. Due to the rich
molecular landscape of BTC, molecular proﬁling should be carried out early. Ongoing research will bring new
targeted treatments and immunotherapy in the near future.
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INTRODUCTION
Biliary tract cancers (BTCs) are a rare and heterogenous
group comprising various aggressive malignancies
emerging in the biliary tree. BTC includes intrahepatic
cholangiocarcinoma (iCCA), extrahepatic CCA (eCCA),
comprised of perihilar CCA (pCCA) and distal CCA (dCCA),
ampullary cancer (AC), and gallbladder cancer (GBC).1 CCA
represents w15% of primary intrahepatic tumors, and
after hepatocellular carcinoma, is the most frequent
diagnosis of primary liver cancer.2 CCAs are typically adenocarcinomas, more frequent in males, and multiple risk
factors explain the variable incidence of CCAs, such as
alcohol consumption, tobacco smoking, bile duct
morphological anomalies, primary sclerosing cholangitis,
Lynch syndrome, Opisthorchis viverrini, Clonorchis sinensis,
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obesity, or diabetes. Major liver diseases such as hepatitis
B and hepatitis C virus infections, alcohol and nonalcoholic fatty liver have a stronger association with
iCCA than eCCA.2-4 GBC are more frequent in women and
the more common risk factors are: gallstones, gallbladder
polyps, chronic infections, drugs (methyldopa), obesity,
and diabetes.5
The estimated new cases of and deaths from BTCs in the
USA by the end of 2021 are 11 980 and 4310, respectively,
and they are expected to increase in the next decades. The
incidence and mortality rates are highest in South East Asia,
representing a real public health problem in these regions
(Figure 1).6,7
BTCs have a poor prognosis with a median overall survival (OS) <12 months. More speciﬁcally, the 5-year relative survival rate ranges from 9% to 25% for iCCA, 10% to
15% for eCCAs, and 15% to 35% for GBC, conditional to
stage.8-11 Cisplatin plus gemcitabine (CisGem) is the current approved ﬁrst-line therapy for unresectable or
advanced BTC, and second-line FOLFOX, but there is no
strong evidence about what to do in following lines as
chemotherapy regimens have poor survival outcomes.12,13
There is an urgent unmet clinical need for BTC patients and
https://doi.org/10.1016/j.esmoop.2022.100503
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Figure 1. Mortality of cholangiocarcinoma worldwide. Age-standardized annual mortality rates for CCA in deaths per 100 000 person-year in the age group 45-64,
according to country. Data from the time periods 2005-2009 (2007), 2010-2014 (2012). Dark red indicates countries with high mortality (>6 deaths per 1 000 000
people), red indicates high mortality (>4 deaths per 100 000 people), orange indicates countries with mortality between 2 and 4 deaths per 100 000 people, and
yellow indicates countries with low mortality (<2 deaths per 100 000 people). Figure adapted from Bertuccio et al., 2019.7 CCA incidence is shown for Asian countries,
where mortality has not yet been reported.
CCA, cholangiocarcinoma.
Figure subject to copyright (OMMS©). Send email to omirallas@vhebron.net to request access.
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ANATOMIC CLASSIFICATION
BTC can be classiﬁed based on the anatomical origin of the
primary tumor. BTCs arising from the bile ductules to the
second-order ducts are classiﬁed as iCCA, those arising
between second-order ducts and the beginning of the cystic
duct are pCCA, and those that originated after the insertion
of the cystic duct are dCCA. The concept eCCA compiles
both pCCA and dCCA. AC comprises those tumors that
originated at the end of the bile duct, GBCs arise from the
cystic duct or the gallbladder itself (Figure 2).14,15 Three
growth patterns have been described for iCCA: (i) massforming, the most common growth pattern, (ii) periductalinﬁltrating, which inﬁltrates along the lumen wall, and (iii)
intraductal growing, the least common subtype.14,16
MOLECULAR CHARACTERISTICS
CCAs are particularly molecularly rich, especially iCCA which
has the highest genetic alterations per tumor frequency of
all BTCs. A study published by Nakamura et al.,17 which
analyzed 260 BTCs by whole-exome sequencing, described a
2
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median number of non-silent somatic mutations in iCCA,
eCCA, and GBC of 39, 35, and 64, respectively. Both iCCA
and eCCA presented signiﬁcant differences on the number
of non-silent somatic mutations compared with GBC, but
not between iCCA and eCCA. Overall, this analysis detected
targetable genetic alterations in 39% of BTC cases, being the
most frequent molecular alteration in the kinase-RAS
domain (52%). Another study published by Javle et al.,18
which analyzed 412 BTCs by hybrid capture-based
comprehensive genomic proﬁling, detected non-signiﬁcant
genetic alterations differences between the three tumor
subtypes. Detailed molecular alterations by BTC location
can be found in Table 1.
TREATMENT
Surgery and adjuvant treatment
BTC management and prognosis depends on the resectability of the tumor. The expected outcomes for patients
who undergo surgery and adjuvant chemotherapy for 6
months are: a median OS of 51.1 months, a median relapsefree survival (RFS) of 24.4 months, and a relapse rate of
60%.24-27 The established adjuvant treatment after surgery
for BTCs is ﬂuoropyrimidine-based, being preferred after
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Figure 2. Anatomical classiﬁcation of cholangiocarcinoma. Cholangiocarcinoma (CCA) is further subclassiﬁed into intrahepatic CCA (iCCA), extrahepatic CCA (eCCA),
comprised of perihilar CCA (pCCA) and distal CCA (dCCA). Three growth patterns have been described for iCCA: mass-forming, periductal-inﬁltrating, and intraductal
growing. Most common molecular alterations are detailed for iCCA and eCCA.
Figure are subject to copyright (OMMS©). Send email to omirallas@vhebron.net to request access.

Table 1. Molecular alterations and frequencies by biliary tract cancer
subtype (in bold the most frequent alteration)17-23

TP53 mutations
KRAS mutations
IDH1 mutations
CDKN2A/B mutations
ARID1A mutations
BAP1 mutations
FGFR2 fusions
FGFR1 mutations
FGFR2 mutations
FGFR3 mutations
SMAD4 mutations
PIK3CA mutations
MET ampliﬁcation
BRAF mutations
IDH2 mutations
HER2 ampliﬁcation
ARID1B mutations
MYC ampliﬁcation
TET 1-3 mutations
NTRK 1-3 mutations
PTEN loss
RET mutations
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iCCA (%)

eCCA (%)

GBC (%)

18-35
20-25
16-29
6-26
15-21
15
5-14
7
8
5
10-12
8
2-7
4.4
4
2.5-3
2-3
2.5
1.9
1.3
1
0

40-48
12-42
0-7
6-17
7-19
0-6
3
0
0
3
21-24
0-4
0
5.4
0
8-11
3-7
5.4
5.4
2.7
1
2.7

50-59
0-8
0-2
4-19
4-20
2
1
0
0
0
4
7-14
1
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0-1
7-16
4-6
3.9
1
5.5
1-7
0
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the positive results in RFS and OS of the BILCAP trial. This
was a randomized, controlled, multicenter, phase III trial
across specialized centers in the UK, including patients with
macroscopically resected CCA or muscle-invasive GBC and
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of 0 or 1. Participants were randomized 1 : 1 to
observation or capecitabine (1250 mg/m2 twice a day on
days 1-14 of a 21-day cycle for eight cycles) within 16 weeks
of surgery. The primary outcome was OS. Notably, RFS was
statistically signiﬁcant in both the intention-to-treat analysis
and in the per-protocol analysis [hazard ratio (HR) ¼ 0.75,
95% conﬁdence interval (CI) 0.58-0.98; P ¼ 0.033, and HR ¼
0.70, 95% CI 0.54-0.92; P ¼ 0.009, respectively]. Median OS
difference, however, was statistically signiﬁcant in the perprotocol analysis (HR ¼ 0.75, P ¼ 0.028), but not in the
intent-to-treat analysis; the OS HR was 0.81 (P ¼ 0.010).27
Negative results have been reported in two randomized
phase III trials. In the phase III PRODIGE 12-ACCORD, patients were randomized to gemcitabine and oxaliplatin
(gemcitabine 1000 mg/m2 on day 1 and oxaliplatin 85 mg/
m2 infused on day 2 of a 2-week cycle for 12 cycles) or
observation alone, and no statistically signiﬁcant differences
https://doi.org/10.1016/j.esmoop.2022.100503
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in OS or RFS were found between the study arms.28 In the
phase III BCAT trial from Japan evaluating the efﬁcacy of
gemcitabine in monotherapy (1000 mg/m2, administered
on days 1, 8, and 15 every 4 weeks for six cycles) compared
with observation in 226 patients with eCCA, no statistically
signiﬁcant differences in RFS or OS were found either.29
Despite the fact that gemcitabine-based chemotherapy
can also be considered according to the clinical National
Comprehensive Cancer Network (NCCN) guidelines,30 it has
not demonstrated efﬁcacy in the adjuvant setting and it is
not recommended according to the European Society for
Medical Oncology (ESMO) guidelines.31 More data will be
gathered after the results of the ongoing phase III ACTICCA1 trial evaluating the role of gemcitabine and cisplatin
compared with standard of care (SOC) capecitabine.32 S-1 is
an oral ﬂuoropyrimidine combination consisting of tegafur,
gimeracil, and oteracil.33,34 In the phase III ASCOT trial from
Japan evaluating the efﬁcacy of S-1 (four cycles of 40 mg/m2
if BSA was <1.25 m2, 50 mg if BSA was 1.25 to 1.5 m2 and
60 mg if BSA was >1.50 m2 twice daily for 4 weeks, followed by 2 weeks of rest) compared with observation in
440 patients with eCCA, iCCA, GBC, or AC, statistically signiﬁcant differences in OS and RFS were reported. Adjuvant
S-1 may be considered as a valid option in the Asian
population.35
First-line setting
In patients with unresectable or metastatic disease, curative
treatment is no longer an option and systemic treatment is
recommended. ABC-02 phase III clinical trial randomly
assigned 410 untreated patients with locally advanced or
metastatic BTCs, including iCCA, eCCA, GBC and AC, to
receive either cisplatin and gemcitabine (Cisplatin 25 mg/
m2 and gemcitabine 1000 mg/m2 on days 1 and 8 every 21
days cycle for eight cycles) or gemcitabine alone (1000 mg/
m2 on days 1, 8, and 15, every 4 weeks for six cycles) as
ﬁrst-line treatment. The median OS was 11.7 months in the
CisGem group and 8.1 months in the gemcitabine group
(HR ¼ 0.64, P < 0.001). The median progression-free survival (PFS) was 8.0 in the experimental group and 5.0
months in the gemcitabine group (HR ¼ 0.63, P < 0.001)12
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100503). In Japan, another phase III
trial named BT22 evaluated the same treatment as ABC-02,
which gave the approval of this regime for Japanese patients after its positive results.36 A difference between both
trials was that CisGem was continued for up to 16 cycles
and gemcitabine up to 12 cycles. Despite the fact that
gemcitabine is maintained after eight cycles in routine
clinical practice, a cross-trial comparison did not show a
median PFS or OS improvement of prolonging the treatment beyond 6 months. Although the increased dosage of
gemcitabine did not show a clear beneﬁt, the KEYNOTE-966
study uses this approach as opposed to TOPAZ-1, which
used a maximum of eight cycles.37,38 Thus, the recommended treatment of unresectable BTCs is CisGem after
these positive results and is the preferred regime in Europe
4
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and the United States for ﬁt patients with PS 1. The
mechanism of action by which this combination is active is
the halt of DNA replication by gemcitabine and DNA breaks
done by cisplatin bonds to DNA39 (Figure 3). Gemcitabine
monotherapy may be considered for PS 2 patients, since a
meta-analysis of ABC-02 and BT22 showed no beneﬁt of
CisGem in this subgroup of patients.40 Platinum-based
chemotherapy strategies have shown efﬁcacy in CCA.
Recently, a French group compared FOLFIRINOX with the
SOC. The PRODIGE38-AMEBICA phase III clinical trial
randomly assigned 191 patients with locally advanced or
metastatic BTCs to receive either oxaliplatin, irinotecan, and
infusional 5-ﬂuorouracil (5-FU) without bolus [modiﬁed
FOLFIRINOX (mFOLFIRINOX)], or CisGem for a maximum of
6 months. The study did not meet the primary endpoint for
OS, obtaining a median OS of 11.7 months for mFOFLIRINOX
versus 13.8 months in the CisGem arm, remaining the SOC
in the ﬁrst-line setting.41 In this line, the development of S-1
combined with platinum is active in BTC. S-1 has been
tested in the FUGA-BT study, a phase III randomized trial in
Japan including 354 chemotherapy-naive patients with
recurrent or unresectable BTC with ECOG of 0 or 1. FUGABT is a non-inferiority study comparing gemcitabine plus S-1
(S-1 30 mg/m2 orally twice a day on days 1-14 and gemcitabine 1000 mg/m2 on days 1 and 8, every 3 weeks) versus
CisGem (same schedule as ABC-02), with OS as the primary
outcome. Gemcitabine combined with S-1 was non-inferior
to CisGem-based chemotherapy in Japanese patients. The
median OS of patients assigned to the CisGem group was
13.4 months, and 15.1 months in the S1-gemcitabine group.
The combination of S-1 and gemcitabine was non-inferior to
CisGem (HR 0.945; one-sided P for non-inferiority ¼ 0.046).
The proportion of adverse effects did not differ signiﬁcantly
between treatment arms and were globally well tolerated42
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100503). The authors concluded that
this new combination approach should be considered as a
new option for SOC and has the advantage that it does not
require hydration. While both regimes can be used in Asian
patients, CisGem remains the SOC for the ﬁrst-line treatment of good-PS patients with advanced BTC, regardless of
ethnicity, as showed in a meta-analysis carried out by Valle
et al in 2014.40
Second-line setting and beyond
In the second-line setting, combination regimens
including ﬂuoropyrimidines, platinum salts, and other
chemotherapies have been tested. Results from a randomized phase III trial in second line have been recently
reported. The ABC-06 clinical trial, an open-label, phase
III trial included a UK population with locally advanced or
metastatic BTC (including CCA, GBC, and AC) after progression to ﬁrst-line CisGem chemotherapy, with an ECOG
0-1. A total of 162 participants were randomized 1 : 1 to
receive active symptom control plus FOLFOX or active
symptom control alone. FOLFOX chemotherapy consisted
of oxaliplatin (85 mg/m2) as a 2-h infusion on day 1 and a
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Figure 3. Gemcitabine and cisplatin transport, intracellular activation/deactivation and mechanism of action. Both gemcitabine diphosphate (dFdU) and gemcitabine triphosphate inhibit processes required for DNA synthesis, causing cell death.
CDA, cytidine deaminase; CDP, cytidine diphosphate; CTR1, copper transporter; dCDP, deoxycytidine diphosphate; dCTP, deoxycytidine triphosphate; dCK, deoxycytidine
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reductase; 50 -NT, 50 -nucleotidase.
Figure are subject to copyright (OMMS©). Send email to omirallas@vhebron.net to request access.

2-h infusion of leucovorin (LV) (175 mg/m2/day) followed
by a 5-FU bolus [400 mg/m2/day] and 46-h infusion of 5FU (2400 mg/m2) every 2 weeks. The primary outcome
was OS in the intention-to-treat population. FOLFOX
modestly improved median OS with 6.2 months versus
5.3 months in the control arm (HR ¼ 0.69, P ¼ 0.031).
Grade 3/4 toxicities, such as fatigue and neutropenia,
were reported in 59% of patients in the experimental
arm versus 39% in the control arm. In the subgroup
analysis, all subtypes of BTC tumors beneﬁted similarly
from FOLFOX.13 Despite the modest absolute median OS
difference between the two arms, there was a clinically
meaningful increase in OS rates at 6 and 12 months in
patients who received second-line treatment with
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FOLFOX and the trial has provided clinical evidence for
the ﬁrst time in this setting.
Other novel chemotherapy combinations are being
tested in the second-line setting for advanced BTCs. A phase
II trial randomized 120 patients to mFOLFOX (oxaliplatin 100
mg/m2 over 2 h, LV 100 mg/m2 over 2 h, 5-ﬂuorouracil 2400
mg/m2 over 46 h, every 2 weeks) or mFOLFIRI (irinotecan
150 mg/m2 over 2 h, LV 100 mg/m2 over 2 h, 5-ﬂuorouracil
2400 mg/m2 over 46 h). The mFOLFOX group reported a
superior overall response rate (ORR) (5.9%), median PFS
(2.8 months), and median OS (6.6 months).43 FOLFOX
should be offered as the new SOC for second-line therapy
for BTC patients, especially those patients with no driver
mutations.
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Another regimen, platinum-free, liposomal irinotecan (nalIRI) combined with 5-FU/LV has been tested in second-line
BTC and the results were recently reported. In a randomized, open-label, phase IIb trial (NIFTY), 174 patients from
Korea were randomized 1 : 1 to nal-IRI (70 mg/m2 plus
intravenous (i.v.) LV 400 mg/m2 and i.v. ﬂuorouracil at 2400
mg/m2 for 46 h) or 5-FU/LV both every 2 weeks after progression to CisGem. The nal-IRI plus 5-FU/LV signiﬁcantly
improved PFS and OS compared with 5-FU/LV.The nal-IRI plus
5-FU/LV group reported a median PFS of 3.9 months and a
median OS of 8.6 months versus a median PFS of 5.5 months
versus 1.4 months in the 5-FU/LV group. Despite being a
phase IIb clinical trial, the patient number does not differ
from that in the only phase III trial available to date (ABC-06).
Grade 3 adverse events, such as neutropenia and asthenia,
were reported in 77% patients in the nal-IRI plus 5-FU/LV
group versus 31% of patients in the 5-FU/LV group. These
results are promising, but they will need to be tested in international phase III clinical trials.44 Other irinotecan-based
regimens have been studied after progression to SOC. A
phase II trial carried out in China randomized 64 patients to
either irinotecan 180 mg/m2 on day 1 plus capecitabine 1000
mg/m2 twice daily on days 1-10 versus irinotecan 180 mg/m2
on day 1, with both treatments on a 14 days cycle. The
combination resulted in superior median OS (10.1 months for
the combination versus 7.3 months for the single agent) and
disease control rate (DCR).45
Targeted therapies
In the metastatic and unresectable setting, additional molecular testing and inclusion into a clinical trial is highly
encouraged. In the MOSCATO-01 trial, out of 1013 patients
screened for molecular aberrations, 199 patients could
receive a matched treatment (19%), but only 7% of those
successfully screened beneﬁted from the targeted therapy.46 If the 43 BTC patients included in the trial are
analyzed, however, 23 (50%) had druggable molecular aberrations and 18 patients (42%) could receive a matched
therapy. Among these patients, the DCR was 88% and the
median OS was 17 months compared with 5 months for
those who did not receive a targeted therapy (HR ¼ 0.29,
P ¼ 0.008).47 Thus, molecular screening is highly recommended in patients affected by BTC, allowing personalized
and effective targeted therapy to be offered.
Fibroblast growth factor receptors fusions. Genomic alterations, including ﬁbroblast growth factor receptors (FGFR1,
FGFR2, FGFR3, FGFR4, or FGFR19) activate the FGFR
pathway in w20% of iCCAs.48 Chromosomal fusions of
FGFR2 exons 1 to 17 are the most common alterations,
found in 10%-16% of iCCAs.49,50 The resulting chimeric
FGFR2 proteins constitutively activate the pathway and
promote proliferation (Figure 4). FGFR2 can also present
point mutations and ampliﬁcation or overexpression.57
First-generation FGFR inhibitors target multiple receptors,
lacking a profound anti-FGFR inhibition and presenting
multiple deleterious adverse events.58 Thus, numerous new
inhibitors of FGFR isoforms 1-3 have demonstrated beneﬁt
6
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in advanced CCAs harboring FGFR2 gene fusions, including
various ATP-competitive, reversible inhibitors (erdaﬁtinib,
inﬁgratinib, pemigatinib, and derazantinib) and the
non-ATP-competitive, covalent inhibitor, futibatinib, also
called TAS-120. Mechanisms of FGFR tyrosine kinase inhibitor (TKI) resistance are acquired by the tumor cell, such
as FGFR kinase mutations, being more frequent than gatekeeper mutations.59 These new agents have shown high
response rates in early data from phase I and II clinical
trials. Reversible inhibitors reported an ORR of 15%-35%,
with a median PFS of 5.7-6.9 months.60-63 The covalent
inhibitor, futibatinib, reported an ORR of 41.7% and median
PFS of 9 months, and can also overcome acquired resistance
to ATP-competitive inhibitors.57,64 Inﬁgratinib or BGJ398, a
reversible inhibitor, was tested in a multicenter, open-label,
phase II study which included CCA containing FGFR2 fusions, mutations, or ampliﬁcations and its primary objective
was ORR by investigator assessment. The ORR was 14.8%
and estimated PFS was 5.8 months. The ﬁnal analysis reported an ORR of 23%, including one complete response
and 24 partial responses (PRs). The most common adverse
events included hyperphosphatemia (77% any grade), stomatitis in 55%, and fatigue in 40% of patients. Grade 3
adverse events occurred in 41% of patients.61,65,66 Pemigatinib, another reversible inhibitor, was tested in a multicenter, open-label, single-arm, phase II study (FIGHT-202),
which included three cohorts: FGFR2 fusions or rearrangements, patients with other FGFR alterations, or patients
with no FGFR alterations. The primary endpoint was ORR
among those with FGFR2 fusions or rearrangements who
received at least one dose of pemigatinib. Around 35% of
patients with FGFR2 fusions or rearrangements achieved an
ORR; 3 of them included a complete response. Adverse
events resembled those reported for inﬁgratinib, with
hyperphosphatemia being the most common adverse event
(60% of patients).62 Pemigatinib has been approved by both
the Food and Drug Administration (FDA) and the European
Medicines Agency, and inﬁgratinib has FDA approval. After
these promising results, FGFR2 inhibitors are being tested in
patients harboring FGFR2 rearrangements as ﬁrst-line
setting in the phase III FIGHT-302 and PROOF trials, in
which both drugs are compared with CisGem.67,68
The most common adverse event is characteristically
hyperphosphatemia, with w55%-81% of patients developing it. Hyperphosphatemia can be treated by reducing
doses of the FGFR2 inhibitor or by adding phosphatelowering therapy using phosphate binding agents, and a
low phosphate diet should also be considered.69 Other
common adverse events are fatigue, stomatitis, alopecia,
and palmar-plantar erythrodysesthesia. Grade 3/4 adverse
events occur in >60% of patients, requiring a dose delay or
dose reduction on many occasions, but with a low discontinuation rate of w4%-6%.60-64
Isocitrate dehydrogenase 1 and 2 mutations. Isocitrate
dehydrogenase 1 (IDH1) mutations are only found in gliomas and acute myeloid leukemias, but are rarely found in
other tumors.70 IDH1 mutations are present in 9%-25% of
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different pathways: via intracellular receptor substrates STAT, FRS2, and phospholipase C-g1 (PLC-g), leading ultimately to up-regulation of the RAS-dependent MAPK
and Ras-independent PI3K-Akt signaling pathways (Adapted from Brooks et al., 2012).51 Trk receptors, ALK and ROS fusions; signaling pathway. TrkA, B, and C upon
neurotrophin binding, activate downstream signaling cascades of the MAPK, PI3K, and PLC-g pathways. ALK and ROS fusions, through the activation of the intracellular
substrate SHP2, activate the same pathways mentioned before; PLC-g, MAPK, PI3K, and the STAT pathway through the activation of JAK (Adapted from Kheder and
Hong, 2018,52 Della Corte et al., 2018,53 and Davies and Doebele, 201354). HER2 receptor: signaling pathway and alterations. The HER2 has tyrosine activity similar to
EGFR. The HER2 activation leads to tumorigenesis through the activation of MAPK and PI3K pathways, increasing proliferation, cell cycle progression through the
activation of cyclin D, and inhibition of p27, and ultimately leading to cell survival (Adapted from Pollock and Grandis, 201555 and LV et al., 201656).
AKT, protein kinase B; ALK,anaplastic lymphoma kinase; BRAF, v-raf murine sarcoma viral oncogene homolog B1; DAG, diacylglycerol; ERK, extracellular signal-regulated
kinase; GAB1, GRB2-associated-binding protein 1; GRB2, Growth factor receptor-bound protein 2; GSK3, Glycogen synthase kinase-3; HER, human epidermal growth
factor receptor; IP3, inositol triphosphate; JAK, Janus tyrosine kinase; MAPK, mitogen-activated protein kinase; MDM2, Mouse double minute 2 homolog; MEK,
mitogen-activated protein kinase kinase; mTOR, mammalian/mechanistic target of rapamycin; PDK, phosphoinositide-dependent protein kinase; PI3K, phosphatidylinositol 3-kinase; PIP2, phosphatidylinositol 4,5-bisphosphate; PKC, protein kinase C; RAS, rat sarcoma virus; ROS, c-ros oncogene 1; SHC, src homology/collagen; SHP2,
tyrosine phosphatase 2; SOS, son of sevenless; STAT, signal transducers and activators of transcription; T-DM1, trastuzumab emtansine; TrK, tropomyosin receptor
kinase.
Figure subject to copyright (OMMS©). Send email to omirallas@vhebron.net to request access.

patients with CCA, varying depending on the location,
more commonly found in iCCA and on the cohort
analyzed.71-73 IDH1 (R132H) and IDH2 (R172, R140) mutations within the isocitrate binding site result in a
decreased enzymatic activity for oxidative decarboxylation
of isocitrate to a-ketoglutarate.71,73 As a result of this
molecular alteration, tumors gain the ability to catalyze
the reduction of alpha-ketoglutarate to R(-)-2hydroxyglutarate (2HG) (Supplementary Figure S1, available at https://doi.org/10.1016/j.esmoop.2022.100503).
The accumulation of 2HG is almost pathognomonic of the
presence of a tumor with IDH mutation, and the
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measurement of the circulating oncometabolite in a
cohort of iCCAs correlated to tumor burden and may be
an indicator of response to IDH inhibitors.72,74,75 Ivosidenib (AG-120) is an oral targeted inhibitor of IDH1 which
showed activity in early clinical trials. The pivotal trial that
led to the approval of ivosidenib was the ClarIDHy phase
III trial, a multicenter, randomized, double-blind, placebocontrolled trial which included patients with advanced,
IDH1-mutant CCA who had progressed on up to two
previous treatment regimens. A total of 780 patients were
prescreened for IDH1 mutations and 187 were randomized
2 : 1 to 500 mg ivosidenib once a day or placebo. Most of
https://doi.org/10.1016/j.esmoop.2022.100503

7

O. Mirallas et al.

ESMO Open
them had iCCA and presented metastatic disease at
randomization. There was a statistically signiﬁcant
improvement in median PFS of 2.7 months in the ivosidenib group versus 1.4 months in the placebo group
(HR ¼ 0.37; P < 0.0001). Median OS was 10.3 months for
ivosidenib and 7.5 months in the placebo group (HR ¼
0.79; P ¼ 0.093). The non-signiﬁcant difference in OS
could be explained by the 57% crossover from placebo to
ivosidenib, which was permitted on radiological progression. Common adverse events were nausea in 41%, diarrhea in 35%, and fatigue in 31% of patients.76 Ivosidenib
was well tolerated and resulted in an improved PFS and a
trend towards favorable OS despite crossover, demonstrating clinical beneﬁt. Patients with advanced IDH1mutated CCA beneﬁt from this treatment and it has been
recently approved by the FDA. Enasidenib, a selective
IDH2 inhibitor, has been recently approved by the FDA for
acute myeloid leukemia and is currently under investigation for CCA (NCT02273739).77
Neurotrophic tyrosine receptor kinase fusions. The neurotrophic tyrosine receptor kinase genes (NTRK1-3), which
occur in w0.3%-1% of all solid tumors and are extremely
rare in BTC (0.67%), encode three membrane-bound receptors called tropomyosin receptor kinases (TrkA, B, and
C).78-80 Neurotrophin binding triggers activation of the
cytoplasmic kinase, activating downstream signaling cascades of the RAS/RAF/MEK/ERK mitogen-activated protein
kinase (MAPK), phosphatidylinositol 3-kinase (PI3K), and
phospholipase C-g1 pathways (Figure 4).81 Oncogenic fusions occur when one of the three NTRK genes fuses with a
wide variety of partners and constitutively activates the Trk
pathway, driving tumorigenesis.82 Two highly selective small
molecules, larotrectinib and entrectinib, inhibitors of all
three TRK proteins, have been developed and showed activity in early clinical trials.79,83 An analysis of the ﬁrst 55
patients included into a phase I clinical trial of larotrectinib
(LOXO-101) showed an ORR of 75% and the median PFS was
not reached at 9.9 months. Only two patients with CCA
were included; one patient had a progressive disease and
the other showed a PR of 80%.83 A grouped analysis of
the three ongoing phase I or II clinical trials of entrectinib
(STARTRK-1, STARTRK-2, and ALKA-372-001) was carried
out. All trials together included 54 patients with 10 different
NTRK fusion-positive tumor types, demonstrating a median
PFS of 12.9 months and an ORR of 57%. Only one patient
with CCA was included, who showed a PR with a reduction
of 40%.79 The most common grade 3 adverse events in
patients treated with larotrectinib were anemia (11%),
increased body weight (7%), and increased alanine aminotransferase or aspartate aminotransferase levels (7%).83 The
most common grade 3 adverse events in patients treated
with entrectinib were anemia (12%), increased body weight
(10%), and fatigue (7%).79 An ongoing trial in China, called
VISIONARY, is evaluating targeted therapies with FGFR2,
IDH1, NTRK, and BRAF inhibitors in refractory gastrointestinal tumors, which also includes patients with BTC
(NCT04584008).
8
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BRAF mutations. Mutation of the BRAF gene is one
mechanism of constitutive activation of the MAPK pathway,
which regulates cellular proliferation, migration, and is
aberrantly activated in many human cancers including
melanoma, non-small-cell lung cancer, and papillary thyroid
carcinoma.84 The most common BRAF mutation is the single
amino acid change of valine to glutamic acid at residue 600
(V600E). The frequency of BRAF V600E in BTC is very low,
w1%-4%, and most commonly found in iCCA.85 Vemurafenib was the ﬁrst BRAF V600E inhibitor tested in eight
patients with CCA in a phase II basket study. One PR and
ﬁve SDs were reported in the CCA cohort.86 Subbiah et al.87
carried out the Rare Oncology Agnostic Research (ROAR)
trial, a phase II, open-label, single-arm trial evaluating the
efﬁcacy and safety of dabrafenib and trametinib. A total of
43 patients were included, 91% had iCCA, 2% pCCA, 2%
GBC, and 2% were of unknown origin. An ORR of 47% was
reported by independent assessment, a median PFS of
9 months, and a median OS of 14 months. These results
suggested that BRAF inhibition is canonical in BTC, at variance from metastatic colorectal cancer in which epidermal
growth factor receptor (EGFR) inhibition is mandatory. The
most common grade 3 or 4 adverse events in patients
treated with dabrafenib and trametinib were increased
gamma-glutamyl transferase (12%), decreased white blood
cell count (7%), and hypertension (7%).87 We encourage the
development of phase III trials, but the low proportion of
BRAF-mutated patients impairs solid research of BRAF inhibitors in BTC.
Human EGFR 2. Human EGFR2 (HER2) is an oncogenic
growth factor receptor. There are four members of the
same family which are named as EGFR, HER1 (ERBB1), HER2
(ERBB2), HER3 (ERBB3), and HER4 (ERBB4)88 (Figure 4).
These transmembrane growth factor receptors, upon
phosphorylation of their intracellular domains, activate
downstream secondary messengers, leading to diverse
biological effects. The HER2 activation leads to tumorigenesis through the activation of MAPK and PI3K pathways, loss
of cell polarity and cell adhesion, and deregulated cell cycle
through the activation of cyclin D and inhibition of p27.
HER2 has the strongest catalytic kinase activity, especially
when partnering with HER3.88 Overexpression of the HER2
protein has been reported in 25%-30% of breast and
ovarian cancers, but has also recently been reported in
w13% of GBCs and up to 18% of eCCAs.89,90 HER2 overexpression has been associated with worse prognosis and
increased propensity to metastasize, but also has increased
sensitivity to cytotoxic and targeted agents. In a retrospective review published by Javle et al.,90 eight patients
with advanced GBC and ﬁve patients with CCA with HER2/
neu gene overexpression or ampliﬁcation were treated with
HER2/neu-directed therapy. In the GBC group treated with
trastuzumab, four patients had a PR, one had a complete
response, and three presented SD. No responses, however,
were seen in ﬁve patients with CCA who received trastuzumab. The phase II SUMMIT trial, which analyzed the efﬁcacy of neratinib in HER2-mutant all-solid malignancies,
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included 25 patients with BTC. In this speciﬁc population, an
ORR of 12%, a median PFS of 2.8 months, and a median OS
of 5.4 months were reported.91 The MyPathway trial, a
phase II trial, multicenter, open-label, which included 39
patients with HER2-positive BTC evaluating the combination
of trastuzumab and pertuzumab, has recently been published. Authors reported an ORR of 23% (95% CI 11% to
39%), a PFS of 4 months (95% CI 1.8-5.7 months), and an OS
of 10.9 months (95% CI 5.2-15.6 months).92 There are
currently multiple clinical trials testing HER2/neu-directed
therapy for solid tumors, such as the MATCH trial
(NCT02465060), which tests multiples TKIs matched to the
tumor’s molecular alteration, including trastuzumab alone
or in combination with pembrolizumab in HER2-positive
tumors. The TAPUR trial (NCT02693535) is also testing
multiple TKIs with the same approach, including trastuzumab and pembrolizumab or the new molecule PESGHO,
composed of pertuzumab, trastuzumab, and recombinant
human hyaluronidase, in HER2-positive tumors.
Immunotherapy. The mismatch repair (MMR) system recognizes and repairs erroneous insertions or deletions that
arise during DNA replication. Cancers deﬁcient in the MMR
(dMMR) system contain many somatic mutations, and make
them especially sensitive to immune checkpoint inhibitors
(ICIs), such as anti-programmed cell death protein 1 antibodies.93 More than 5% of adenocarcinomas of the
gastrointestinal tract, endometrium, cervix, and liver are
dMMR. They are more commonly found in localized stages
(8%) than in metastatic stages (4%).93 In BTC, dMMR accounts for 2%-18% of tumors, depending on the location
and series published, being more common in iCCA (10%)
and AC (6%-20%) than in eCCA or GBC (5%-8%).94-96
The phase II KEYNOTE-158 study evaluated the antitumor
activity of pembrolizumab against non-colorectal dMMR
cancer.97 A total of 233 patients were included, 22 (9.4%) of
whom had BTC. An ORR of 41%, median PFS of 4.2 months,
and a median OS of 24.3 months were reported for patients
with CCA tumors. Overall, 14.6% reported any grade 3 or 4
adverse event, the most common adverse events being
severe skin reactions (1.3%), pneumonitis (1.3%), colitis
(0.9%), and hepatitis (0.9%).97
Regardless of the MMR status, many clinical trials tested
ICIs for BTC all-comers. A phase II study tested nivolumab
240 mg i.v. every 2 weeks for 16 weeks and then 480 mg i.v.
every 4 weeks, until disease progression or unacceptable
toxicity, in 54 patients with refractory BTC. The study reports an ORR of 11% by central review with a DCR of 50%, a
median PFS of 3.7 months, and a median OS of 14 months.
When patients were stratiﬁed by anti-programmed deathligand 1 (PD-L1) expression status (1% cut-off), both median PFS and OS improved compared with patients with PDL1-negative expression.98 The TOPAZ-1 phase III clinical trial
evaluated the combination of CisGem with 1500 mg every 3
weeks durvalumab versus CisGem. After 685 patients were
randomized, the experimental arm showed an improvement
of median OS and PFS (HR 0.80 and 0.75, respectively, both
P < 0.05). These new data may bring a new ﬁrst-line
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treatment to clinical practice.38 The LEAP-005 phase II
clinical trial evaluated the efﬁcacy and safety of the combination of lenvatinib and pembrolizumab for pretreated
tumors that are not microsatellite instability-high or dMMR.
Out of 187 patients enrolled, 31 (16.5%) were patients with
BTC, in whom an ORR of 9.7% with a DCR of 68% was reported. In this subset of patients, the duration of response
was 5.3 months, and grade 3 or higher adverse events were
reported in 48% of patients.99,100 Pembrolizumab was
tested at a second-line setting or beyond in a single Chinese
center, single-arm study, which recruited 40 patients, 50%
with iCCA. An ORR of 10% with four PRs and 15 SDs, and
a median duration of response of 2.1 months were reported.101 The role of bintrafusp alfa, a novel anti-PD-L1/
transforming growth factor-b receptor II fusion protein, in
combination with CisGem, was being tested in the ﬁrst-line
setting (NCT04066491) until 2021, when the trial was discontinued due to inefﬁcacy after an analysis by the independent monitoring committee. Another phase III trial,
KEYNOTE-966,37 is testing the efﬁcacy of pembrolizumab in
combination with CisGem in the ﬁrst-line setting in a
worldwide population and an extension with only
Chinese adults with advanced BTC (NCT04003636 and
NCT04924062, respectively).
FUTURE PERSPECTIVES AND CONCLUSIONS
Many patients with BTC are diagnosed at an advanced
stage, making the disease incurable in most cases. Surgery
of the primary tumor detected in early stages of selected
patients is the best available potentially curative treatment,
but the ﬁeld of advanced disease is open.
The current understanding of the biology is opening
doors for new strategies, as BTCs have multiple molecular
targetable alterations. Thus, it is highly recommended that
all patients with BTC have a comprehensive molecular panel
before the initiation of systemic treatment, since many
genetic alterations may be encountered and will change the
outcome of our patients. There are currently multiple clinical trials ongoing testing the efﬁcacy and safety of many
drugs in the ﬁrst- and second-line setting with different
strategies summarized in Supplementary Table S2, available
at https://doi.org/10.1016/j.esmoop.2022.100503.
The ﬁrst-line approved treatment remains cisplatin and
gemcitabine after the positive results of the phase III
ABC-02 which demonstrated an increase of median OS
compared with gemcitabine alone. However, there is a new
direction to push forward on patients who do not harbor
driver mutations set by the TOPAZ-1 clinical trial, showing
for the ﬁrst time in years an improvement in OS, PFS,
and ORR with immunotherapy in combination with
chemotherapy.
In the second-line setting, FOLFOX has shown a modest
but statistically signiﬁcant beneﬁt in median OS compared
with active symptom control. As shown before, targeted
therapies such as FGFR2, IDH1, and BRAF inhibitors have
shown promising results in clinical trials for BTC patients
with speciﬁc molecular alterations. Other strategies in
https://doi.org/10.1016/j.esmoop.2022.100503
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development are targeted therapies, chemotherapy combinations, immunotherapy, and antiobdy-drug conjugates
which will impact the future of BTC treatment.

Therapeutics, Roche Farma, Sanoﬁ-Aventis, Servier, Scilink
Comunicación Cientíﬁca SC, Surface Oncology, TRANSWORLD EDITORS, SL and Zymeworks. All the other authors
have declared no conﬂicts of interest.

ACKNOWLEDGEMENTS
We would like to thank all the patients and families who allow
research to move forward with their willingness to participate. The corresponding author would like to thank graphic
designer Mario Silva for the collaboration with the illustrations (OMMS©). The corresponding author would also like to
thank all of the authors who have contributed to this article.
FUNDING
None declared.
DISCLOSURE
JT reports consulting fees from Array Biopharma, AstraZeneca, Avvinity, Bayer, Boehringer Ingelheim, Chugai, Daiichi
Sankyo, F. Hoffmann-La Roche Ltd, Genentech Inc, HalioDX
SAS, Hutchison MediPharma International, Ikena Oncology,
Inspirna Inc, IQVIA, Lilly, Menarini, Merck Serono, Merus,
MSD, Mirati, Neophore, Novartis, Ona Therapeutics, Orion
Biotechnology, Peptomyc, Pﬁzer, Pierre Fabre, Samsung
Bioepis, Sanoﬁ, Seattle Genetics, Scandion Oncology, Servier, Sotio Biotech, Taiho, Tessa Therapeutics and TheraMyc;
and honoraria for lectures from Imedex, Medscape Education, MJH Life Sciences, PeerView Institute for Medical Education and Physicians Education Resource (PER). TM
reports grants from Abbvie Farmaceútica, Ability Pharmaceuticals, Agios Pharmaceuticals, Amc Medical Research,
Amgen, Armo Biosciences, Aslan Pharmaceuticals, Astrazeneca, Basilea Pharmaceutica International, Bayer, Beigene,
Biokeralty Research Institute, Biolinerx, Blueprint Medicines, Boston Biomedical, Bristol-Myers Squibb (BMS),
Cantargia, Celgene, Eisai, Erytech Pharma, F. Hoffmann-la
Roche, Fibrogen, Halozyme, Incyte, Ipsen Bioscience, Ipsen
Pharma, Lilly, Loxo Oncology, Medimmune, Merck Sharp &
Dohme, Nelum, Novartis, Novocure, Oncomed Pharmaceuticals, QED Therapeutics, VCN Biosciences and Zymeworks;
consulting fees from Swedish Orpahn Biovitrum AB, Ability
Pharmaceuticals SL, Aptitude Health, AstraZeneca, Basilea
Pharma, Baxter, BioLineRX Ltd, Celgene, Eisai, Ellipses,
Genzyme, Got It Consulting SL, Hirslanden/GITZ, Imedex,
Incyte, Ipsen Bioscience, Inc, Janssen, Lilly. Marketing
Farmacéutico & Investigación Clínica, S.L, MDS, Medscape,
Novocure, Paraxel, PPD Development, Polaris, QED Therapeutics, Roche Farma, Sanoﬁ-Aventis, Servier, Scilink
Comunicación Cientíﬁca SC, Surface Oncology, TRANSWORLD EDITORS, SL and Zymeworks; support for attending
meetings from Servier, AstraZeneca, Sanoﬁ and Incyte; and
advisory board at Swedish Orpahn Biovitrum AB, Ability
Pharmaceuticals SL, Aptitude Health, AstraZeneca, Basilea
Pharma, Baxter, BioLineRX Ltd, Celgene, Eisai, Ellipses,
Genzyme, Got It Consulting SL, Hirslanden/GITZ, Imedex,
Incyte, Ipsen Bioscience, Inc, Janssen, Lilly. Marketing
Farmacéutico & Investigación Clínica, S.L, MDS, Medscape,
Novocure, Paraxel, PPD Development, Polaris, QED
10

https://doi.org/10.1016/j.esmoop.2022.100503

REFERENCES
1. Khan AS, Dageforde LA. Cholangiocarcinoma. Surg Clin North Am.
2019;99(2):315-335.
2. Banales JM, Marin JJG, Lamarca A, et al. Cholangiocarcinoma 2020:
the next horizon in mechanisms and management. Nat Rev Gastroenterol Hepatol. 2020;17(9):557-588.
3. Kocarnik JM, Compton K, Dean FE, et al. Cancer incidence, mortality,
years of life lost, years lived with disability, and disability-adjusted life
years for 29 cancer groups from 2010 to 2019: a systematic analysis for
the global burden of disease study 2019. JAMA Oncol. 2022;8(3):420-444.
4. Tyson GL, El-Serag HB. Risk factors for cholangiocarcinoma. Hepatology. 2011;54(1):173-184.
5. Sharma A, Sharma KL, Gupta A, Yadav A, Kumar A. Gallbladder cancer
epidemiology, pathogenesis and molecular genetics: recent update.
World J Gastroenterol. 2017;23(22):3978-3998.
6. Randi G, Malvezzi M, Levi F, et al. Epidemiology of biliary tract
cancers: an update. Ann Oncol. 2009;20(1):146-159.
7. Bertuccio P, Malvezzi M, Carioli G, et al. Global trends in mortality
from intrahepatic and extrahepatic cholangiocarcinoma. J Hepatol.
2019;71(1):104-114.
8. Spolverato G, Kim Y, Alexandrescu S, et al. Management and outcomes of patients with recurrent intrahepatic cholangiocarcinoma
following previous curative-intent surgical resection. Ann Surg Oncol.
2016;23(1):235-243.
9. Alabraba E, Joshi H, Bird N, et al. Increased multimodality treatment
options has improved survival for Hepatocellular carcinoma but poor
survival for biliary tract cancers remains unchanged. Eur J Surg Oncol.
2019;45(9):1660-1667.
10. Konstantinidis IT, Deshpande V, Genevay M, et al. Trends in presentation and survival for gallbladder cancer during a period of more
than 4 decades: A single-institution experience. Arch Surg.
2009;144(5):441-447.
11. Survival rates for bile duct cancer. American Cancer Society. Published
2022. Available at https://www.cancer.org/cancer/bile-duct-cancer/
detection-diagnosis-staging/survival-by-stage.html. Accessed February
26, 2022.
12. Weigt J, Malfertheiner P. Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. Expert Rev Gastroenterol Hepatol.
2010;4(4):395-397.
13. 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(5):690-701.
14. Nakanuma Y, Kakuda Y. Pathologic classiﬁcation of cholangiocarcinoma: new concepts. Best Pract Res Clin Gastroenterol.
2015;29(2):277-293.
15. Moeini A, Haber PK, Sia D. Cell of origin in biliary tract cancers and
clinical implications. JHEP Rep. 2021;3(2):100226.
16. Nakanuma Y, Uesaka K, Kakuda Y, et al. Intraductal papillary neoplasm
of bile duct: Updated clinicopathological characteristics and molecular and genetic alterations. J Clin Med. 2020;9(12):3991.
17. Nakamura H, Arai Y, Totoki Y, et al. Genomic spectra of biliary tract
cancer. Nat Genet. 2015;47(9):1003-1010.
18. Javle M, Bekaii-Saab T, Jain A, et al. Biliary cancer: utility of nextgeneration sequencing for clinical management. Cancer.
2016;122(24):3838-3847.
19. Narayan RR, Creasy JM, Goldman DA, et al. Regional differences in
gallbladder cancer pathogenesis: insights from a multi-institutional
comparison of tumor mutations. Cancer. 2019;125(4):575-585.
20. Li M, Zhang Z, Li X, et al. Whole-exome and targeted gene sequencing
of gallbladder carcinoma identiﬁes recurrent mutations in the ErbB
pathway. Nat Genet. 2014;46(8):872-876.

Volume 7

-

Issue 3

-

2022

O. Mirallas et al.

ESMO Open

21. Jusakul A, Cutcutache I, Yong CH, et al. Whole-genome and epigenomic landscapes of etiologically distinct subtypes of cholangiocarcinoma. Cancer Discov. 2017;7(10):1116-1135.
22. Lowery MA, Ptashkin R, Jordan E, et al. Comprehensive molecular
proﬁling of intrahepatic and extrahepatic cholangiocarcinomas: potential targets for intervention. Clin Cancer Res. 2018;24(17):41544161.
23. Cerami E, Gao J, Dogrusoz U, et al. The cBio cancer genomics portal:
an open platform for exploring multidimensional cancer genomics
data. Cancer Discov. 2012;2(5):401-404.
24. Ghidini M, Pizzo C, Botticelli A, et al. Biliary tract cancer: current
challenges and future prospects. Cancer Manag Res. 2019;11:379388.
25. van Beers BE. Diagnosis of cholangiocarcinoma. HPB (Oxford).
2008;10(2):87-93.
26. Forner A, Vidili G, Rengo M, Bujanda L, Ponz-Sarvisé M, Lamarca A.
Clinical presentation, diagnosis and staging of cholangiocarcinoma.
Liver Int. 2019;39(suppl 1):98-107.
27. Primrose JN, Neoptolemos JP, 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(5):663-673.
28. Edeline J, Benabdelghani M, Bertaut A, et al. 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(8):658-667.
29. Ebata T, Hirano S, Konishi M, et al. Randomized clinical trial of
adjuvant gemcitabine chemotherapy versus observation in resected
bile duct cancer. Br J Surg. 2018;105(3):192-202.
30. Network NCoC. Hepatobiliary Cancers (Version 1.2022). Available at
https://www.nccn.org/professionals/physician_gls/pdf/hepatobiliary.
pdf. Accessed April 12, 2022.
31. Valle JW, Borbath I, Khan SA, et al. Biliary cancer: ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2016;27(suppl 5):v28-v37.
32. Stein A, Arnold D, Bridgewater J, et al. 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.
33. Chhetri P, Giri A, Shakya S, Shakya S, Pramod KC, Sapkota B. Current
development of anti-cancer drug S-1. J Clin Diagn Res. 2016;10(11):
XE01-XE05.
34. Saif MW, Syrigos KN, Katirtzoglou NA. S-1: a promising new oral
ﬂuoropyrimidine derivative. Expert Opin Investig Drugs. 2009;18(3):
335-348.
35. Ikeda M, Nakachi K, Konishi M, et al. Adjuvant S-1 versus observation
in curatively resected biliary tract cancer: a phase III trial (JCOG1202:
ASCOT). J Clin Oncol. 2022;40(suppl 4):382.
36. Okusaka T, Nakachi K, Fukutomi A, et al. Gemcitabine alone or in
combination with cisplatin in patients with biliary tract cancer: a
comparative multicentre study in Japan. Br J Cancer. 2010;103(4):469474.
37. Finn RS, Kelley RK, Furuse J, et al. Abstract CT283: KEYNOTE-966: a
randomized, double-blind, placebo-controlled, phase 3 study of
pembrolizumab in combination with gemcitabine and cisplatin for
the treatment of advanced biliary tract carcinoma. Cancer Res.
2020;80(suppl 16):CT283-CT283.
38. Oh D-Y, He AR, Qin S, et al. A phase 3 randomized, double-blind,
placebo-controlled study of durvalumab in combination with gemcitabine plus cisplatin (GemCis) in patients (pts) with advanced biliary
tract cancer (BTC): TOPAZ-1. J Clin Oncol. 2022;40(suppl 4):378.
39. Mini E, Nobili S, Caciagli B, Landini I, Mazzei T. Cellular pharmacology
of gemcitabine. Ann Oncol. 2006;17(suppl 5):v7-v12.
40. Valle JW, Furuse J, Jitlal M, et al. Cisplatin and gemcitabine for
advanced biliary tract cancer: a meta-analysis of two randomised
trials. Ann Oncol. 2014;25(2):391-398.
41. Phelip JM, Edeline J, Blanc JF, et al. Modiﬁed FOLFIRINOX versus
CisGem ﬁrst-line chemotherapy for locally advanced non resectable

Volume 7

-

Issue 3

-

2022

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.
54.
55.
56.

57.

58.

59.
60.

61.

62.

or metastatic biliary tract cancer (AMEBICA)-PRODIGE 38: study
protocol for a randomized controlled multicenter phase II/III study.
Dig Liver Dis. 2019;51(2):318-320.
Mizusawa J, Morizane C, Okusaka T, et al. Randomized phase III study
of gemcitabine plus S-1 versus gemcitabine plus cisplatin in advanced
biliary tract cancer: Japan Clinical Oncology Group Study (JCOG1113,
FUGA-BT). Jpn J Clin Oncol. 2016;46(4):385-388.
Choi IS, Kim KH, Lee JH, et al. A randomised phase II study of oxaliplatin/5-FU (mFOLFOX) versus irinotecan/5-FU (mFOLFIRI) chemotherapy in locally advanced or metastatic biliary tract cancer
refractory to ﬁrst-line gemcitabine/cisplatin chemotherapy. Eur J
Cancer. 2021;154:288-295.
Yoo C, Kim KP, Jeong JH, et al. Liposomal irinotecan plus ﬂuorouracil
and leucovorin versus ﬂuorouracil and leucovorin for metastatic
biliary tract cancer after progression on gemcitabine plus cisplatin
(NIFTY): a multicentre, open-label, randomised, phase 2b study.
Lancet Oncol. 2021;22(11):1560-1572.
Zheng Y, Tu X, Zhao P, et al. A randomised phase II study of secondline XELIRI regimen versus irinotecan monotherapy in advanced
biliary tract cancer patients progressed on gemcitabine and cisplatin.
Br J Cancer. 2018;119(3):291-295.
Massard C, Michiels S, Ferté C, et al. High-throughput genomics and
clinical outcome in hard-to-treat advanced cancers: results of the
MOSCATO 01 trial. Cancer Discov. 2017;7(6):586-595.
Verlingue L, Malka D, Allorant A, et al. Precision medicine for patients
with advanced biliary tract cancers: an effective strategy within the
prospective MOSCATO-01 trial. Eur J Cancer. 2017;87:122-130.
Jain A, Borad MJ, Kelley RK, et al. Cholangiocarcinoma with FGFR
genetic aberrations: a unique clinical phenotype. JCO Precis Oncol.
2018;2:1-12.
Arai Y, Totoki Y, Hosoda F, et al. Fibroblast growth factor receptor 2
tyrosine kinase fusions deﬁne a unique molecular subtype of cholangiocarcinoma. Hepatology. 2014;59(4):1427-1434.
Borad MJ, Champion MD, Egan JB, et al. Integrated genomic characterization reveals novel, therapeutically relevant drug targets in
FGFR and EGFR pathways in sporadic intrahepatic cholangiocarcinoma. PLoS Genet. 2014;10(2):e1004135.
Brooks AN, Kilgour E, Smith PD. Molecular pathways: ﬁbroblast
growth factor signaling: a new therapeutic opportunity in cancer. Clin
Cancer Res. 2012;18(7):1855-1862.
Kheder ES, Hong DS. Emerging targeted therapy for tumors with
NTRK fusion proteins. Clin Cancer Res. 2018;24(23):5807-5814.
Della Corte CM, Viscardi G, Di Liello R, et al. Role and targeting of
anaplastic lymphoma kinase in cancer. Mol Cancer. 2018;17(1):30.
Davies KD, Doebele RC. Molecular pathways: ROS1 fusion proteins in
cancer. Clin Cancer Res. 2013;19(15):4040-4045.
Pollock NI, Grandis JR. HER2 as a therapeutic target in head and neck
squamous cell carcinoma. Clin Cancer Res. 2015;21(3):526-533.
Lv Q, Meng Z, Yu Y, et al. Molecular mechanisms and translational
therapies for human epidermal receptor 2 positive breast cancer. Int J
Mol Sci. 2016;17(12):2095.
Goyal L, Shi L, Liu LY, et al. TAS-120 overcomes resistance to ATPcompetitive FGFR inhibitors in patients with fGFR2 fusion-positive
intrahepatic cholangiocarcinoma. Cancer Discov. 2019;9(8):10641079.
Facchinetti F, Hollebecque A, Bahleda R, et al. Facts and new hopes
on selective FGFR inhibitors in solid tumors. Clin Cancer Res.
2020;26(4):764-774.
Yue S, Li Y, Chen X, et al. FGFR-TKI resistance in cancer: current status
and perspectives. J Hematol Oncol. 2021;14(1):1-14.
Bahleda R, Italiano A, Hierro C, et al. Multicenter phase I study of
erdaﬁtinib (JNJ-42756493), oral pan-ﬁbroblast growth factor receptor
inhibitor, in patients with advanced or refractory solid tumors. Clin
Cancer Res. 2019;25(16):4888-4897.
Javle M, Lowery M, Shroff RT, et al. Phase II study of BGJ398 in patients with FGFR-Altered advanced cholangiocarcinoma. J Clin Oncol.
2018;36(3):276-282.
Abou-Alfa GK, Sahai V, Hollebecque A, et al. Pemigatinib for previously treated, locally advanced or metastatic cholangiocarcinoma: a

https://doi.org/10.1016/j.esmoop.2022.100503

11

O. Mirallas et al.

ESMO Open

63.

64.

65.

66.

67.

68.

69.
70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

12

multicentre, open-label, phase 2 study. Lancet Oncol. 2020;21(5):671684.
Mazzaferro V, El-Rayes BF, Droz dit Busset M, et al. Derazantinib
(ARQ 087) in advanced or inoperable FGFR2 gene fusion-positive
intrahepatic cholangiocarcinoma. Br J Cancer. 2019;120(2):165171.
Goyal L, Meric-Bernstam F, Hollebecque A, et al. FOENIX-CCA2: a
phase II, open-label, multicenter study of futibatinib in patients
(pts) with intrahepatic cholangiocarcinoma (iCCA) harboring
FGFR2 gene fusions or other rearrangements. J Clin Oncol.
2020;38(suppl 15):108.
Javle MM, Roychowdhury S, Kelley RK, et al. Final results from a
phase II study of inﬁgratinib (BGJ398), an FGFR-selective tyrosine
kinase inhibitor, in patients with previously treated advanced cholangiocarcinoma harboring an FGFR2 gene fusion or rearrangement.
J Clin Oncol. 2021;39(suppl 3):265.
Javle M, Roychowdhury S, Kelley RK, et al. Inﬁgratinib (BGJ398) in
previously treated patients with advanced or metastatic cholangiocarcinoma with FGFR2 fusions or rearrangements: mature results from a multicentre, open-label, single-arm, phase 2 study.
Lancet Gastroenterol Hepatol. 2021;6(10):803-815.
Makawita S, Abou-Alfa GK, Roychowdhury S, et al. Inﬁgratinib in
patients with advanced cholangiocarcinoma with FGFR2 gene fusions/translocations: the PROOF 301 trial. Futur Oncol. 2020;16(30):
2375-2384.
Bekaii-Saab TS, Valle JW, van Cutsem E, et al. FIGHT-302: First-line
pemigatinib vs gemcitabine plus cisplatin for advanced cholangiocarcinoma with FGFR2 rearrangements. Futur Oncol.
2020;16(30):2385-2399.
Goyal L, Kongpetch S, Crolley VE, Bridgewater J. Targeting FGFR inhibition in cholangiocarcinoma. Cancer Treat Rev. 2021;95:102170.
Avellaneda Matteo D, Grunseth AJ, Gonzalez ER, et al. Molecular
mechanisms of isocitrate dehydrogenase 1 (IDH1) mutations identiﬁed in tumors: the role of size and hydrophobicity at residue 132 on
catalytic efﬁciency. J Biol Chem. 2017;292(19):7971-7983.
Boscoe AN, Rolland C, Kelley RK. Frequency and prognostic signiﬁcance of isocitrate dehydrogenase 1 mutations in cholangiocarcinoma: a systematic literature review. J Gastrointest Oncol.
2019;10(4):751-765.
Lee K, Song YS, Shin Y, et al. Intrahepatic cholangiocarcinomas with
IDH1/2 mutation-associated hypermethylation at selective genes and
their clinicopathological features. Sci Rep. 2020;10(1):1-10.
Wang P, Dong Q, Zhang C, et al. Mutations in isocitrate dehydrogenase 1 and 2 occur frequently in intrahepatic cholangiocarcinomas
and share hypermethylation targets with glioblastomas. Oncogene.
2013;32(25):3091-3100.
Dang L, White DW, Gross S, et al. Cancer-associated IDH1 mutations
produce 2-hydroxyglutarate. Nature. 2019;462(7274):739-744.
Delahousse J, Verlingue L, Broutin S, et al. Circulating oncometabolite
D-2-hydroxyglutarate enantiomer is a surrogate marker of isocitrate
dehydrogenase-mutated intrahepatic cholangiocarcinomas. Eur J
Cancer. 2018;90:83-91.
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(11):1669-1677.
Stein EM, DiNardo CD, Pollyea DA, et al. Enasidenib in mutant IDH2
relapsed or refractory acute myeloid leukemia. Blood. 2017;130(6):
722-731.
Okamura R, Boichard A, Kato S, Sicklick JK, Bazhenova L, Kurzrock R.
Analysis of NTRK alterations in pan-cancer adult and pediatric malignancies: implications for NTRK-targeted therapeutics. JCO Precis
Oncol. 2018;8(2):1-20.
Doebele RC, Drilon A, Paz-ares L, et al. Entrectinib in patients with
advanced or metastatic NTRK fusion-positive solid tumours: integrated analysis of three phase 1-2 trials. Lancet Oncol. 2020;21(2):
271-282.
Demols A, Perez-Casanova L, Rocq L, et al. NTRK gene fusions in biliopancreatic cancers. J Clin Oncol. 2020;38(suppl 15). e16664-e16664.

https://doi.org/10.1016/j.esmoop.2022.100503

81. Uren RT, Turnley AM. Regulation of neurotrophin receptor (Trk)
signaling: suppressor of cytokine signaling 2 (SOCS2) is a new player.
Front Mol Neurosci. 2014;7:1-14.
82. Solomon JP, Linkov I, Rosado A, et al. NTRK fusion detection across
multiple assays and 33,997 cases: diagnostic implications and pitfalls.
Mod Pathol. 2020;33(1):38-46.
83. 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(8):731-739.
84. Croce L, Coperchini F, Magri F, Chiovato L, Rotondi M. The multifaceted anti-cancer effects of BRAF-inhibitors. Oncotarget.
2019;10(61):6623-6640.
85. Goeppert B, Frauenschuh L, Renner M, et al. BRAF V600E-speciﬁc
immunohistochemistry reveals low mutation rates in biliary tract
cancer and restriction to intrahepatic cholangiocarcinoma. Mod
Pathol. 2014;27(7):1028-1034.
86. Hyman DM, Puzanov I, Subbiah V, et al. Vemurafenib in multiple
nonmelanoma cancers with BRAF V600 mutations. N Engl J Med.
2015;373(8):726-736.
87. Subbiah V, Lassen U, Élez E, et al. Dabrafenib plus trametinib in patients with BRAFV600E-mutated biliary tract cancer (ROAR): a phase
2, open-label, single-arm, multicentre basket trial. Lancet Oncol.
2020;21(9):1234-1243.
88. Moasser MM. The oncogene HER2: its signaling and transforming
functions and its role in human cancer pathogenesis. Oncogene.
2007;26(45):6469-6487.
89. Kim HJ, Yoo TW, Park DI, et al. Gene ampliﬁcation and protein overexpression of HER-2/neu in human extrahepatic cholangiocarcinoma
as detected by chromogenic in situ hybridization and immunohistochemistry: its prognostic implication in node-positive patients. Ann
Oncol. 2007;18(5):892-897.
90. Javle M, Churi C, Kang HC, et al. HER2/neu-directed therapy for biliary
tract cancer. J Hematol Oncol. 2015;8(1):1-9.
91. Harding JJ, Cleary JM, Quinn DI, et al. Targeting HER2 (ERBB2)
mutation-positive advanced biliary tract cancers with neratinib: results from the phase II SUMMIT ‘basket’ trial. J Clin Oncol.
2021;39(suppl 3):320.
92. Javle M, Borad MJ, Azad NS, et al. Pertuzumab and trastuzumab for
HER2-positive, metastatic biliary tract cancer (MyPathway): a multicentre, open-label, phase 2a, multiple basket study. Lancet Oncol.
2021;22(9):1290-1300.
93. Le DT, Durham JN, Smith KN, et al. Mismatch repair deﬁciency predicts response of solid tumors to PD-1 blockade. Science.
2017;357(6349):409-413.
94. Momoi H, Itoh T, Nozaki Y, et al. Microsatellite instability and alternative genetic pathway in intrahepatic cholangiocarcinoma.
J Hepatol. 2001;35(2):235-244.
95. Agaram NP, Shia J, Tang LH, Klimstra DS. DNA mismatch repair
deﬁciency in ampullary carcinoma: a morphologic and immunohistochemical study of 54 cases. Am J Clin Pathol. 2010;133(5):772780.
96. Achille A, Biasi MO, Zamboni G, et al. Cancers of the papilla of vater:
mutator phenotype is associated with good prognosis. Clin Cancer
Res. 1997;3(10):1841-1847.
97. Marabelle A, Le DT, Ascierto PA, et al. Efﬁcacy of pembrolizumab in
patients with noncolorectal high microsatellite instability/mismatch
repairedeﬁcient cancer: Results from the phase II KEYNOTE-158
study. J Clin Oncol. 2020;38(1):1-10.
98. Kim RD, Chung V, Alese OB, et al. A phase 2 multi-institutional study
of nivolumab for patients with advanced refractory biliary tract
cancer. JAMA Oncol. 2020;6(6):888-894.
99. Lwin Z, Gomez-Roca C, Saada-Bouzid E, et al. LBA41 LEAP-005: phase
II study of lenvatinib (len) plus pembrolizumab (pembro) in patients
(pts) with previously treated advanced solid tumours. Ann Oncol.
2020;31:S1170.
100. Villanueva L, Lwin Z, Chung HC, et al. Lenvatinib plus pembrolizumab for patients with previously treated biliary tract cancers
in the multicohort phase II LEAP-005 study. J Clin Oncol.
2021;39(suppl 3):321.

Volume 7

-

Issue 3

-

2022

O. Mirallas et al.

ESMO Open

101. Kang J, Jeong JH, Hwang H-S, et al. Efﬁcacy and safety of pembrolizumab in patients with refractory advanced biliary tract cancer:
tumor proportion score as a potential biomarker for response. Cancer
Res Treat. 2020;52(2):594-603.

Volume 7

-

Issue 3

-

2022

102. Tommasini-Ghelﬁ S, Murnan K, Kouri FM, Mahajan AS, May JL,
Stegh AH. Cancer-associated mutation and beyond: the emerging
biology of isocitrate dehydrogenases in human disease. Sci Adv.
2019;5(5):eaaw4543.

https://doi.org/10.1016/j.esmoop.2022.100503

13

