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Abstract

Biliary tract cancers (BTCs) are usually diagnosed at an advanced stage and have a dismal prognosis. The
treatment of advanced disease is mainly based on systemic chemotherapy, which is demonstrated to improve
survival in the first- and second-line setting. Following the results of phase Il clinical trials, the combination of
cisplatin and gemcitabine is the regimen of choice in the frontline, while 5-fluorouracil plus oxaliplatin is considered
the standard after first-line progression in unselected patients. Recent advances in molecular biology have
unravelled the molecular heterogeneity of BTCs and identified patient subgroups harbouring unique molecular
aberrations such as isocitrate dehydrogenase (IDH) mutations and fibroblast growth factor receptor (FGFR)
fusions that can be targeted by specific agents. This knowledge has opened the way to personalised medicine in
BTCs. Molecules targeting IDH and FGFR are currently approved for the treatment of advanced, refractory,
intrahepatic cholangiocarcinoma. Beyond targeted therapies, novel combinatorial approaches that target the
immune microenvironment and the crosstalk between cancer and stroma are being explored based on strong
preclinical rationale. This review discusses the current therapeutic opportunities for the management of patients
with advanced BTCs and provides an overview of the promising new strategies on the horizon with a particular
focus on ongoing clinical trials.
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INTRODUCTION

Advanced stage is the most common clinical presentation of biliary tract cancers (BTCs). Given the paucity
of specific early symptoms and the lack of early-detection programs, up to 80% of patients are diagnosed
with unresectable tumours. In addition, recurrence rate after surgery ranges between 50% and 79%, even
for those patients diagnosed with early-stage cancer™. Advanced disease at presentation or relapse after
local treatment, along with the scarce availability of active treatments and the significant chemo-resistance,
make BTCs one of the deadliest solid tumours with a global five-year survival rate of 10%*. In this scenario,
untreated patients have an overall survival (OS) of 3-4 months, while those receiving active treatment can
reach up to 18-20 months with two therapeutic lines” . Systemic approach represents the standard of care
of advanced biliary tract cancers (aBTCs) and aims at increasing survival, delaying disease progression,
relieving symptoms, and improving/maintaining the quality of life. Historically, cytotoxic chemotherapy
was the only available option and was associated with marginal improvements in oncological outcomes.
More recently, emerging compounds targeting isocitrate dehydrogenase (IDH) 1 mutations and fibroblast
growth factor receptor (FGFR) 2 fusions, as well as immune checkpoint inhibitors (ICIs), showed promising
results in molecularly selected patients"'. Thanks to advances in molecular biology, many other therapeutic
vulnerabilities have recently been identified both in the tumour and in the surrounding microenvironment,
providing a plethora of novel potential strategies to be further investigated for the treatment of BTCs""*.

In this paragraph, we aim to offer an overview of the current therapeutic approaches for the management of
patients with aBTCs, and to discuss the novel opportunities on the near horizon.

UNSELECTED TREATMENT APPROACH: PAST, PRESENT AND FUTURE

The history of the therapeutic development in BTCs has been characterised by “all-comers” design of
clinical trials exploring the efficacy of cytotoxic agents and targeted therapies. This “one size fits all” model
has shown clinical benefit from chemotherapy, allowing the identification of current standard first and
second-line regimens”*. Chemotherapeutic drugs combination is demonstrated to increase efficacy by
using different mechanisms of cytotoxic action. The two chemotherapy combinations regimens approved
following positive results of phase III clinical trials include cisplatin and gemcitabine (CisGem) for frontline
treatment and 5-fluorouracil plus oxaliplatin (FOLFOX) after first-line progression. More recently, two
combinatorial regimens showed promising results in phase II studies for the first-line (cisplatin,
gemcitabine, and nab-paclitaxel)"” and second-line (5-fluorouracil and liposomal irinotecan; Nal-Iri)
setting"?. Clinical studies investigating targeted therapies and ICIs have been widely unsuccessful in
unselected patients instead"*>*.

First-line chemotherapy

Limited data supported effective management of aBTCs before 2010. A pooled analysis of 104 small and
nonrandomised trials, including 2810 patients conducted in 2007, showed combination chemotherapy with
CisGem or oxaliplatin being the most active strategy!". The first evidence of superior regimen from
randomised phase II study was reported in 2007, when CisGem demonstrated better time to progression
compared to gemcitabine alone (8 months vs. 4 months, respectively) and improved disease control rate
(DCR)™. This association became the standard first-line treatment for patients with metastatic BTCs since
2010, when the Advanced Biliary Tract Cancer (ABC-02) phase III trial demonstrated the superiority of
CisGem vs. gemcitabine alone”. The median overall survival (mOS) resulted superior for the experimental
arm compared to gemcitabine [11.7 months vs. 8.1 months, respectively; hazard ratio (HR) = 0.64; 95%
confidence interval (CI): 0.52-0.8; P < 0.001]. The combination also demonstrated a better rate of partial
response (PR) compared to the gemcitabine (26% vs. 16%, respectively)”. Similar results were reported in
the Japanese BT22 randomised phase II trial that investigated the antitumour activity of the same agents
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(mOS 11.2 months vs. 7.7 months; HR = 0.69; 95%CI: 0.42-1.13; P = 0.139)"". The meta-analysis of the two
trials confirmed significant improvement in progression-free survival (PFS) (HR = 0.64; 95%CI: 0.53-0.76; P
<0.001) and OS (HR = 0.65; 95%CI: 0.54-0.78; P < 0.001) of CisGem over gemcitabine for intra-and extra-
hepatic cholangiocarcinomas (iICCA and eCCA) and gallbladder cancer, with most marked efficacy among
patients with good performance status (PS 0-1) (HR for PFS = 0.61; 95%CI: 0.51-0.74; P < 0.001; HR for OS
= 0.64; 95%Cl: 0.53-0.77; P < 0.001)"”. Table 1 shows an overview of these three studies.

Subsequent studies explored the role of other compounds such as oxaliplatin and fluoropyrimidines.
Oxaliplatin showed a more favourable toxicity profile than cisplatin, with mOS reaching 12.4 months and
overall response rate (ORR) up to 50%"*”, but its activity has never been tested in a head-to-head
comparison with CisGem. Nonetheless, this agent may be adopted when cisplatin is contraindicated.
Fluoropyrimidines have also been shown to be active in aBTCs studies, but their precise role is still

28,29]

controversial as a direct comparison with gemcitabine-based regimens is lacking”****'.

Another treatment option in the first-line setting is represented by gemcitabine plus S-1 (a fluoropyrimidine
derivative), as suggested by the FUGA-BT phase III trial showing non-inferiority of this regimen compared
with CisGem in the Japanese population™.

Whether intensifying chemotherapy could improve oncological outcomes by maintaining a good quality of
life is still an unanswered question and is currently under clinical investigation. In the Japanese population,
the association of cisplatin, gemcitabine, and S1 could represent a treatment option on the basis of a phase
I1I trial, demonstrating an improved OS of the triplet compared with CisGem (13.5 months vs. 12.6 months;
HR = 0.791; 90%Cl: 0.620-0.996; P = 0.046)"".,

Results from a phase II trial evaluating cisplatin, gemcitabine hydrochloride (salt of an analogue of the
antimetabolite nucleoside deoxycytidine with antineoplastic activity), and nab-paclitaxel demonstrated
median PFS (mPFS) of 11.8 months, mOS of 19.2 months, 45% response rate (RR) and 84% DCR with this
regimen’. The ongoing phase III SWOG-1815 clinical trial will establish whether the triplet is more
efficacious than the standard CisGem (NCT03768414). Likewise, a phase III study comparing CisGem vs.
FOLFIRINOX (oxaliplatin, irinotecan, and 5-fluorouracil) has recently completed recruitment
(NCT02591030) and will define if non-gemcitabine regimes have a place in first-line. Furthermore, a phase
IT study is exploring the activity of Nal-Iri in combination with 5-fluorouracil (5-FU)/leucovorin (LV) vs.
CisGem (NCT03044587)".

Second-line chemotherapy

Following a failure to first-line chemotherapy, 25%-40% of BTC patients are still fit to receive second-line
chemotherapy™. The choice of second-line treatment is extremely limited, particularly in unselected
patients. In daily practice, 5-FU-based chemotherapy has been the most widely adopted regimen, despite
the absence of robust evidence and the poor clinical efficacy (mPFS of 2.5-5.5 months and a mOS of 7.5-13.5
months in published series)*.

Only recently, the phase IIT ABC-06 study demonstrated the superiority of FOLFOX vs. active symptom
control (ASC, i.e., proactive detection of biliary obstruction, sepsis, and symptom management) in patients
progressing to CisGem'. This study enrolled 162 patients with aBTC, including 72% of CCA following
progression on standard first-line CisGem. Patients were randomised to ASC (81 patients) or ASC plus
FOLFOX (81 patients). The ABC-06 trial demonstrated a benefit from second-line chemotherapy in terms
of OS (HR = 0.69; 95%CI: 0.50-0.97; P = 0.031). Even though absolute differences in mOS were modest (5.3
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Table 1. First-line chemotherapy in Biliary tract cancers: an overview of pivotal studies

Median PFS Median OS

Authors Year Country Study design Regimen n (months) HR (months) HR

Advanced biliary tract cancer (ABC)-02 2010 United Kingdom Randomized CisGem 204 8.0 0.63; 95%Cl: 0.51- n7 0.64; 95%Cl: 0.52-
phase 3 GEM 206 5.0 0.77, P<0.001 81 0.80, P<0.001

Biliary tract (BT) 22 study 2010 Japan Randomized CisGem 41 58 0.66; 95%Cl: 0.41- n.2 0.69; 95%Cl: 0.42-
phase 2 GEM 42 37 1.05,P=0.077 77 113, P=0.139

Cisplatin and gemcitabine for advanced biliary tract cancer:a 2014 United Kingdom Meta-analysis CisGem - 8.8 0.64; 95%Cl: 0.53- 1n.e 0.65; 95%Cl: 0.54-

meta-analysis of two randomised trials and Japan GEM . 6.7 0.76, P < 0.001 8 0.78,P<0.001

PFS: Progression free survival; OS: overall survival; n: number of patients enrolled; HR: hazard ratio; Cl: confidence interval; CisGem: cisplatin and gemcitabine.

months for ASC arm vs. 6.2 months for ASC + FOLFOX arm), differences in the survival rate at 6 months (35.5% for ASC arm vs. 50.6% for ASC + FOLFOX
arm) and 12 months (11.4% for ASC arm vs. 25.9% for ASC + FOLFOX arm) were clinically meaningful®. Based on this evidence, FOLFOX is currently
considered the standard of care second-line chemotherapy for patients with aBTCs without driver mutations who remains fit following CisGem progression.

The efficacy and safety of FOLFIRINOX with two different dosages (standard and modified) was investigated in a recent phase II trial enrolling 40 patients
who had disease progression or unacceptable toxicity after = 3 cycles of CisGem. The mPFS and mOS were 6.2 and 10.7 months, and the toxicity profile was
acceptable™. Therefore, in patients with aBTCs who progress after or are intolerant to CisGem, FOLFIRINOX could be considered as an option for salvage

treatment, even though borderline fitness of BTC patients in second-line may limit its applications!?.

Recent data from the NIFTY randomised, phase IIb study presented at ASCO 2021 showed that Nal-IRI plus 5-FU/LV significantly improved PFS and OS
compared to 5-FU/LV in BTC patients who progressed on prior GemCis"*. mPFS per investigator review in Nal-IRI plus 5-FU/LV group and 5-FU/LV group
was 3.9 months and 1.6 months respectively (HR = 0.48; CI: 0.34-0.69; P < 0.0001); mOS was 8.6 months and 5.5 months respectively (HR = 0.68; CI: 0.48-0.98;
P =0.0349); ORR was 14.8% and 19.3% and 2.3%, respectively (P = 0.0002)""..

One of the main challenges for the completion of adequately powered studies is that, given the aggressive clinical behaviour of CCA, < 40% of patients are
considered eligible for second-line treatment while many others rapidly drop out of clinical trials due to clinical deterioration”**). Amongst the subtypes of
BTC, iCCA is usually associated with better performance status, with increased access to personalised approaches based on the tumour molecular profile,
which will be discussed in the next chapter.



Casolino et al. Hepatoma Res 2021;7:76 | https://dx.doi.org/10.20517/2394-5079.2021.79 Page 5 of 23

Prognostication

Reliable prognostic/predictive biomarkers to assist the therapeutic decision making in patients with aBTCs
are still lacking. To date, only clinical prognostic factors independently associated with OS have been
suggested, including Eastern Cooperative Oncology Group (ECOG) performance status (PS), blood tests
(white blood cells and neutrophil count, haemoglobin and bilirubin levels), disease status, and gender, from
the post-hoc analysis of CisGem pivotal trials”***’; and ECOG PS, prior resection, tumour grading, baseline
carcinoembryonic antigen and carbohydrate antigen 19.9 (CA19-9), from the Italian Group of

Cholangiocarcinoma, G.I.Co™.

Recently, a prognostic score was derived by baseline neutrophil count, lymphocytes-monocytes ratio,
neutrophil-lymphocytes ratio and albumin: the A.L.A.N. score. This prognostication has been shown to
correlate with OS in a cohort of 123 aBTCs patients undergoing first-line chemotherapy. A.L.A.N. score was
able to identify three classes of patients with significantly different OS (high-risk: median OS, 5 months;
intermediate-risk: median OS, 12 months and low-risk: median OS, 22 months; P < 0.001)". Many other
clinical prognostic scores have been proposed, however, no standard currently exists* .

The post-hoc analysis of ABC-01/02/03 trials of CisGem has also indicated a more favourable prognosis of
iCCA and iCCA with liver-only disease. iCCA had a longer OS compared with other non-iCCA biliary tract
cancers (HR = 0.58; 95%CI: 0.35-0.95; P = 0.03); liver-only iCCA patients also showed longer OS even
though findings did not reach statistical significance (HR = 0.65; 95%Cl: 0.36-1.19; P = 0.16)"“".

Despite being informative, evidence is yet to be confirmed in large, prospective, clinical studies, but until
then, the optimal prognostication to adopt in the therapeutic decision of aBTCs remains uncertain.

To summarise, CisGem is the regimen of choice in the frontline, while FOLFOX is the standard after first-
line progression in unselected patients [Figure 1]. Other options (i.e., single agents) may be carefully
considered when the standard treatment is contraindicated or due to patient’s preferences. Several novel
combinations are currently under clinical investigation. A selection of the most relevant ongoing clinical
trials based on cytotoxic chemotherapy are shown in Table 2.

The allocation of locoregional strategies, complementary to chemotherapy, should be considered in the
context of clinical studies.

Reliable prognostic and predictive biomarkers are still lacking and desirable, particularly in the second-line
setting.

PRECISION MEDICINE: BIOLOGICAL RATIONALE AND THERAPEUTIC STRATEGIES

Advances in Next-Generation Sequencing technologies and large-scale initiatives from cooperative groups
such as The Cancer Genome Atlas, the International Cancer Genome Consortium and others have allowed
the characterisation of the molecular landscape of BTCs over the last decade, resulting in the identification
of key actionable oncogenic drivers and signalling networks
anatomic location (iCCAs vs. eCCA), geographical location (Eastern vs. Western), and etiology (Hepatitis B,
fluke, other causes) have been identified. Secondly, somatic - potentially targetable - alterations have been
described in up half of patients with BTC"*".

[46-54

|, Firstly, biological differences according to
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Table 2. Cytotoxic chemotherapy: selection of ongoing clinical trials

Trial number Phase Approach  Drug(s) Line of treatment
NCT04163900 3 Unselected NUC-1031 + cisplatin |
NCT03768414 3 Unselected Gemcitabine hydrochloride + cisplatin + nab-Paclitaxel |
NCT04066491 2/3 Unselected GEM/CIS + bintrafusp alfa (M7824) |
NCT04005339 2 Unselected Fluorouracil + leucovorin + NALIRI Il
NCT03044587 2 Unselected Fluorouracil + leucovorin + NALIRI |
NCT03043547 2 Unselected NALIRI + 5-FU Il
NCT04111380 2 Unselected Nab-paclitaxel + cisplatin Il
NCT04692051 2 Unselected Nab-paclitaxel + cisplatin |
NCT04203160 2 Unselected GEM/CIS + devimistat (CPI-613) I
NCT04076761 2 Unselected Trifluridine/tipiracil 1l
NCT03943043 1/2 Unselected GEMOX + Nab-paclitaxel Il
NCT03368963 1/2 Unselected Trifluridine/tipiracil + NALIRI Il
NCT04491942 1 Unselected Cisplatin or GEM/CIS + elimusertib (BAY 1895344) Il

GEMOX: Gemcitabine + oxaliplatin; GEM/CIS: gemcitabine + cisplatin; FOLFOX: 5-fluorouracil + folinic acid + oxaliplatin; NALIRI: nanoliposomal
irinotecan; 5-FU: 5-fluorouracil.

Past Present Near future
—— T . ——
Unselected | CISGEM | [ wostandard | | unselected | CISGEM I [ FOLFOX | Unselected | CISGEM | [ FOLFOX |

CISGEM + nab- Nal-RI (?) ]

icls (7)

MSI-H [ PEMBROLIZUMAB

MSIH [ PEMBROLIZUMAB |
FGFR2-f [ PEMIGATINIB; INFIGRATINIB. ] FGFR2-f I PEMIGATINIB; INFIGRATINIB |
T PEMIGATINE (7)
INFIGRATINIB (?)
3 FUTIBATINIB
IDH-1-m ‘ IVOSIDENIB ‘ IDH-1-m T - ‘ IVOSIDENIB ‘
NTRKf [ ENTRECTENIE; LAROTRECTINIE ] NTRKCS [ ENTRECTENIB; LAROTRECTINE |
HER2-a | PERTUZUMAB-TRASTUZUMAB (?)
BRAF-m U DABRAFENIB-TRAMETINIB (2)
HRD/DDR " PARPi ([monotherapy/combination) (?]

Figure 1. Evolution of systemic treatments of aBTCs. aBTCs: Advanced biliary tract cancers; L: line; ICls: immune checkpoint inhibitors;
m: mutations; f: fusions; a: amplifications; italic: under current clinical investigation; CISGEM: cisplatin + gemcitabine; FOLFOX: 5-
fluorouracil + folinic acid + oxaliplatin; Nal-IRI: nanoliposomal irinotecan; FOLFIRINOX: 5-fluorouracil + folinic acid + oxaliplatin +
irinotecan; PARPi: poly-ADP ribose polymerase inhibitors.

This evidence has paved the way for the precision medicine revolution in this rare group of malignancies.

The molecular landscape of BTCs: single genetic alterations, molecular networks and subgroups

Data from published and non-published studies available in the cancer genomic dataset c-bioportal™
indicate TP53, ARID1A, IDH1, BAP1, PBRM1, KRAS, SMAD4 and ATM as the most frequent molecular
alterations in BTCs. As already mentioned, different patterns of mutations according to the specific
anatomic subtype have been described, highlighting the high molecular heterogeneity - and possibly diverse
etiopathogenesis - of histologically similar cancers [Figure 2]. The predominant molecular changes in BTCs
are associated with epigenetic processes, particularly for iCCA, characterised by a higher frequency of
mutations in IDH1, relevant for the cell metabolism processes (found in 10%-20% of cases) and FGFR2
rearrangements (found in up to 23% of patients). The latter consists in the fusion of the intact kinase
domain of FGFR2 with several genes (BICCi, AHCYL1, TACC3, MGEA5 and PPHLN1), which
constitutively activates the FGFR2 fusion protein and the downstream pathways, thus promoting tumour
growth!*?. In contrast, alterations in other genes such as BAP1, TP53, KRAS, ERBB2, SMAD4, ARID1B,
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Figure 2. BTCs subtypes and therapeutic targets. Figure 2 shows the recurrent molecular aberrations in biliary tract cancers (BTCs)
with a focus on the prevalence variations according to the anatomic subtypes. Fibroblast growth factor receptor 2 (FGFR2) fusions (f)
and isocitrate dehydrogenase 1 (IDH-1) mutations (m) are more common in intrahepatic cholangiocarcinoma (iCCA), while human
epidermal growth factor receptor 2 (HER2) mutations and amplifications (a) are more common in extrahepatic cholangiocarcinoma
(eCCA) and gallbladder cancer (GCB). Aberrations in other genes and pathways (including immune microenvironment characteristics)
are independent of the anatomic location (indicated outside the circle). In red: established targets and approved drugs; in black:
targeted therapies under clinical investigation. CCA: Cholangiocarcinoma; DDR: DNA damage repair. HRD: homologous recombination
deficiency; MSI-H: microsatellite instability-high; NA: not available.

ELF, PBRM1, and STK11 are more common in perihilar, eCCA, and gallbladder cancer!****>"",
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Integrative genomics studies have also unravelled the genomic characterisation of the most prevalent
oncogenic signalling pathways, including those involved in cell survival, angiogenesis, signal transduction
and transcriptional control'”. Genetic and epigenetic changes in BTCs cooperate in complex oncogenic
networks, including NADPH metabolism, SWI-SNF complex, de-ubiquitination, and histone
(de-)methylation, kinase signalling, WNT-CTNNB1 network, cell cycle control, WNT/Notch signalling,
DNA damage repair, and many others®”). This knowledge underlines the significant complexity of the
molecular biology of biliary malignancies and poses major challenges in translating the genomic discoveries
into the clinic. In particular, therapeutic inhibition of single gene activations is unlikely to achieve the
durable antitumour activity, while combinatorial approaches targeting different pathways may result in
more effectiveness. On the other hand, the identification of patient groups with shared molecular
aberrations beyond point mutations in coding genes could overcome the above-mentioned challenges, thus
facilitating the personalised drug development process.

In this context, distinct recurring molecular subgroups with different prognoses and responses to therapy
have been identified. Sia et al.'” described two subtypes of iCCA with different activated pathways and
prognosis: the inflammation class (38% of cases) associated with the activation of inflammatory pathways,
overexpression of cytokines, and STAT3 activation; and the proliferation class (62% of cases) associated with
KRAS and BRAF mutations and oncogenic pathways activation (i.e., RAS, MAPK, and MET).

Through integrated genomic analysis of iCCA (whole-exome sequencing, targeted exome sequencing) and
epigenomic data from 496 patients, Nepal et al.”) described unique mutational signatures, structural
variants and epigenomic alterations and proposed four different molecular subgroups with specific drug-
response profiles: IDH mutant (drug: metabolic modulators), KRAS mutant (drug: microtubule
modulators), TP53 mutant (drug: topoisomerase inhibitors), and “undetermined” (drug: mTOR inhibitors).

Another interesting classification that considers the tumour microenvironment (TME) characteristics of
iCCA has identified 4 TME-based subtypes related to distinct immune escape mechanisms and patient
outcomes””. About 45% of iCCA displayed an immune desert phenotype, while the 11% presented a
massive T lymphocyte infiltration, activation of inflammatory and immune checkpoint pathways, and was
associated with the longest patient survival (inflamed subtype). The other two subtypes differed in nature
(lymphoid, myeloid, mesenchymal) and abundance of tumour-infiltrating cells”. The inflamed subgroup
constitutes the most clinically relevant as it may potentially identify patients who are more likely to benefit
from ICIs.

Personalised therapeutic approaches in aBTCs

The above data indicate the potential for oncogenic network characterisation to enable efficient
stratification and therapy optimisation for patients with biliary cancers. A deeper understanding of the
molecular biology underlying biliary tract malignancies and the high genomic/anatomical heterogeneity
identified across histologically similar tumours may also partially explain the limited clinical advances
achieved in the past decades. The lack of therapeutic targets, along with the “all-comers” design of clinical
trials investigating targeted therapies in unselected patients (widely unsuccessful) may be an additional

explanation for disappointing results achieved in past years"*>*.

On the other hand, promising results of personalised medicine for aBTCs have been demonstrated in
molecularly driven studies. Among 43 pre-treated patients with aBTCs included in the prospective clinical
trial MOSCATO-01, successful biopsy with multiple high-throughput molecular analysis was obtained in 34
patients. Orientation to an appropriate early clinical trial or administration of molecular-targeted agents was
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possible for 23 of these patients (68%), and 18 (53%) have received matched treatment. Among them, the
ORR was 33%, and the DCR was 88%, while a PFS 2 6 months was observed in 37%. These patients had a
lower risk for death as compared to the 20 patients not orientated to a matched treatment (mOS 17 months
vs. 5 months; HR = 0.29; 95%CI: 0.11-0.76; P = 0.008)"*.

This analysis highlighted the relevance of histology-agnostic personalised medicine in the identification of
patient subgroups to be matched with compounds targeting the specific molecular alteration and paved the
way for the next-generation personalised medicine programs in BTCs.

Several compounds targeting single gene alterations have shown clinical activity and efficacy in advanced
BTCs [Figure 2], others are currently under clinical investigation [Table 3], and many others are on the
horizon [Figure 2].

Currently, the most promising and clinically relevant target therapies are IDH inhibitors for patients
carrying IDH-mutations and compounds targeting FGFR2 gene fusions“". Several IDH inhibitors are being
explored for the treatment of advanced iCCA: inhibitors of IDH1 (ivosidenib), IDH2 (AG221), and pan-
IDH1/2 (AG881). Ivosidenib showed encouraging results in a phase I dose escalation and expansion basket
study. A total of 77 IDH1 mutant patients with refractory iCCA received the IDH1 inhibitor with stable
disease and partial response achieved in 40 and 4 patients, respectively”™. The positive results were
subsequently confirmed in the ClarIDHy phase III trial, where 185 patients with IDH1-mutant CCA were
randomised to receive the IDH1 inhibitor ivosidenib or placebo after 1-2 lines of unsuccessful systemic
therapy. Ivosidenib significantly improved PES (the primary endpoint). mPES was 2.7 months in the
experimental group and 1.4 months in the placebo group (HR = 0.37; 95%Cl: 0.25-0.54; P < 0.001), with a 12
months PFS rate of 22% vs. 0%"*. The intention to treat analysis showed a mOS of 10.3 months in patients
treated with ivosidenib vs. 7.5 months in the placebo group (HR = 0.79; 95%CI: 0.56-1.12; P = 0.093)".
However, the design of the study allowed crossover to ivosidenib in the placebo arm at progression resulting
in 35 patients receiving the experimental drug in the control group. A rank preserving structural failure
time-adjusted analysis taking into consideration the effects of the crossover showed a more clinically
meaningful result with a 4-months increase in median OS (10.3 months vs. 5.1 months; P = 0.0008)"". On
the basis of this trial, ivosidenib has been recently approved by the Food and Drug Administration (FDA)
for adult patients with previously treated, locally advanced or metastatic IDH1-mutated iCCA, which
represent around 13% of all CCA"™.

Multiple inhibitors of FGFR isoforms 1-3 have shown activity in phase I/II clinical trials of advanced, pre-
treated, CCA with FGFR2 translocations, including several ATP-competitive, reversible inhibitors
(erdafitinib, infigratinib, pemigatinib, and derazantinib) and non-ATP competitive, covalent inhibitor
(futibatinib)®!. The pan FGFR inhibitors BGJ398/infigratinib and ARQo087/Derazantinib showed
meaningful clinical benefits in chemorefractory iCCA patients carrying FGFR2 fusions in a phase II trial,
with tumour stabilisation or regression achieved in the majority of patients. The ORR was 18.8% and 20.7%,
respectively, and DCR 83.3% and 82.8%""7". Infigratinib has recently received FDA approval for the
treatment of chemoresistant FGFR2 rearranged CCA. The FIGHT-202 study investigated the FGFR1-3
inhibitor pemigatinib in 107 pre-treated CCA patients with FGFR2 fusions, obtaining an impressive 37%
ORR, with a median duration of response of 8.1 months, PFS of 7.0 months and mOS of 17.5 months"*”.
No activity was recorded for pemigatinib in tumours harbouring mutations of FGFR2, making this
approach specifically for the 10% of CCA with FGFR2 genomic rearrangements. Despite the exciting result
of the FIGHT-202 trial, the enthusiasm is slightly hampered by the single-arm design of the trial, which
lacks randomisation. Nonetheless, FDA and the European Medicines Evaluation Agency have approved
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Table 3. Targeted therapies: ongoing clinical trials
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Trial number Phase Pathways targeted Drug(s) Line of treatment
NCT03656536 3 FGFR Pemigatinib I
NCT03773302 3 FGFR Infigratinib (BGJ398) I
NCT04093362 3 FGFR Futibatinib (TAS-120) I
NCT04256980 2 FGFR Pemigatinib Il
NCT03873532 2/3 MAPK Surufatinib Il
NCT03230318 2 FGFR Derazantinib I
NCT02150967 2 FGFR Infigratinib Il
NCT04238715 2 FGFR2 E7090 Il
NCT02699606 2 FGRF Erdafitinib Il
NCT03212274 2 PARP Olaparib Il
NCT03878095 2 PARP Olaparib Il
Ceralasertib (AZD6738)
NCT04298021 2 PARP Ceralasertib (AZD6738) + durvalumab or AZD6738 + Il
Olaparib
NCT04042831 2 PARP Olaparib I
NCT03521219 2 VEGFR2 Apatinib Il
NCT03427242 2 VEGFR2 Apatinib Il
NCT02520141 2 VEGF Ramucirumab Il
NCT03377179 2 Sk2 Opaganib/HCQ Il
NCTO03185988 2 HER2 Trastuzumab Il
NCT04466891 2 HER2 ZW25 (Zanidatamab) Il
NCT03833661 2 PD-L1; TGF-B Trap fusion M7824 Il
protein
NCT02576431 2 NTRK Larotrectinib Il
NCT02568267 2 NTRK Entrectinib Il
NCT03207347 2 PARP Niraparib Il
NCT02052778 1/2 FGFR Futibatinib (TAS-120) I
NCT03684811 1/2 IDH1 FT-2102 Il
NCT04209465 1/2 EGFR/ErbB BDTX-189 Il
NCT03422679 1/2 NOTCH CB-103 Il
NCT03149549 1/2 TAA CD166 CX-2009 I
NCT02908451 1 TAA AG7 AbGn-107 Il

FGF: Fibroblast growth factor; FGFR: fibroblast growth factor receptor; IDH-1: isocitrate dehydrogenase 1; PARP: poly-ADP ribose polymerase; PD-
L1: programmed death ligand 1; TGF-f: transforming growth factor B.

pemigatinib in the second-line setting of CCA with FGFR2 fusions based on the comparison with historical
data. Indeed, mOS for aBTC patients treated with ASC or chemotherapy in second-line is 6 months, as
highlighted in the ABC-06 and ClarIDHy trial. Even considering the better prognosis of iCCA patients'”,
according to the subgroup analysis of the ABC trials, this is expected to be around 16 months from
diagnosis, leaving an expected survival of < 8 months from the starting of second-line treatment providing a
mPFS of 8 months for first-line CisGem [Figure 3]. FGFR2 fusions are also known to be associated with a
better prognosis with a higher number of patients being diagnosed at an early stage which justifies the
difference in OS between patients with and without FGFR2 rearranged CCA in a retrospective multi-
institutional American cohort. In this analysis of 377 patients, mOS from diagnosis was 37 months vs.
20 months in patients with FGFR2-fused tumours (P < 0.01) compared to those without these genetic
abnormalities'™. Of note, 40% in the FGFR2-fused group underwent surgical resection, likely impacting
these figures. Indeed, Javle et al™ demonstrated that FGFR2-fused CCA undergoing second-line
chemotherapy are not associated with better response with a PFS of 4.63 months, comparable to the
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DIAGNOSIS CHEMOREFRACTORY
OF aBTC aBTC

| | |

Median TTP to first line:

DEATH

8.7 months
ABCs studies, pooled. Unselected, all iCCA 16.7
NIFTY trial: unselected, all BTCs
SFU/LV 5i5
nal- Rl +5FU/LV 8.6
ABC-06 trial: unselected, all BTCs
Asc I 5.3
mFolfox S .2
ClarIDHy Trial: IDHI-mutated CCA, mainly iCCA
PBO I 7.5
Ivosidenib (AG-120) I 10.3
Infigratinib Trial: FGFR2 fusions, iCCA
Infigratinib (BGJ398) I 12.5
FIGHT-202 trial: FGFR alterations and not, mainly iCCA
Pemigatinib (INCB054828): FGFR2 fusions 17.5
Responders 30
No responders 1357
Pemigatinib (INCB054828): Other FGF/FGFR alterations 6.7
Pemigatinib (INCB054828): no FGF/FGFR alterations 4.0

Median OS (months)

Figure 3. Overall survival of chemorefractory aBTC. Figure 3 shows overall survival (OS) of chemorefractory aBTCs from pooled
analysis of ABCs studies and second line clinical trials. ABCs studies include ABC-01, -02 and -03 clinical trials which explored the role
of first-line systemic chemotherapy in advanced BTCs [cisplatin and gemcitabine vs. gemcitabine (ABC-01 and ABC-02) and cisplatin-
gemcitabine-cediranib vs. cisplatin-gemcitabine-placebo (ABC-03)]. ASC: Active symptom control; PBO: placebo; FGF: fibroblast
growth factor; FGFR: fibroblast growth factor receptor; IDH-1: isocitrate dehydrogenase 1, CCA: cholangiocarcinoma; BTCs: biliary tract
cancers; aBTCs: advanced biliary tract cancers; 5FU/LV: 5-fluorouracil plus leucovorin; nal-IRI: fluorouracil and liposomial irinotecan;
mFOLFOX: 5-fluorouracil plus oxaliplatin.

findings observed in the ABC-06. This is in line with the recent updates from the FIGHT-202 trial, which
showed a remarkable impact of pemigatinib on FGFR2 fused tumours with mOS of 30 months for those
patients who achieved ORR vs. 13.7 months for patients who did not'.

On the basis of the data described above, FGFR2 inhibitors have now become the standard of care for
chemorefractory CCA with FGFR2 genomic rearrangements. As their use increase in clinic, we are called to
face other challenges. First, it is a common observation to notice secondary resistance with FGFR2
inhibitors. According to data by Goyal et al.”™, resistance seems to be associated with de-novo FGFR2
mutations. The development of the second generation of FGFR2 inhibitors is ongoing to address this issue.
Futibatinib, a highly selective irreversible FGFR1-4 inhibitor, seemed to be effective to overcome resistance,
likely due to an effective target engagement due to its covalent binding to the FGFR2 kinase'®. Futibatinib is
currently tested in the phase II FOENIX-CCA2 trial in chemoresistant FGFR2 fused CCA and showed
promising preliminary results (ORR = 34%, DCR = 76%, median duration of response 6.2 months)®’. The
next steps would be to increase the specificity of drugs to the FGFR2 isoform to prevent side effects such as
hyperphosphatemia and identify biomarkers for patients’ selection. Sub-analysis of the FIGHT-202 showed
that co-occurrence of TP53 is associated with lack of response (ORR 0% vs. 45% in TP53-mutated vs. TP53-
wild type tumours), raising the question of whether FISH for identification of FGFR2 fusion is too limited
for an optimal selection of patients'®.
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Currently, results from randomised controlled phaseIIl trials recruiting patients with FGFR2-
fusions/rearrangements that compare the standard of care (CisGem) with different FGFR inhibitors in first-
line setting are awaited (pemigatinib, NCT03656536; infigratinib, NCT03773302; futibatinib,
NCT04093362)".

The whole plethora of FGFR-targeted therapies, characterised by different mechanisms of action, offers a
unique opportunity for a paradigm shift in the treatment of a subgroup of patients with advanced BTCs,
providing the potential for personalised treatment with active compounds and a sequential approach to be
investigated in the next future. The challenge of primary and secondary resistance limits the efficacy of this
class of drugs™™. Exploring the potential of combining FGFR inhibitors with other treatments able to
target signalling shared by wild-type and resistant tumour cells may help prevent the emergence of
resistance mutations. This strategy stands on the biological rationale that blocking a driver kinase is more
efficacious when downstream pathway components are targeted as well***".

Expanding precision medicine in aBTCs: challenges and opportunities

Despite the opportunity to improve treatment and outcomes in a personalised manner, a major challenge,
consisting in the design (and conduction) of adequately powered clinical trials in small patient subgroups,
limits a rapid and effective drug development process based on traditional clinical trials design. However,
the advent of precision medicine has been followed by novel clinical trial models to identify biomarker-
matched subgroups of patients likely to benefit from specific targeted therapies, independently from
histology. The overall objective of this innovation is to answer multiple questions at the same time and more
efficiently in order to accelerate clinical drug testing and approval. In this light, novel strategies such as
platform studies with adaptive designs which consider innovative endpoints may represent a potential
opportunity to advance the precision drug development process in rare tumours such as BTCs. Recently,
basket trials have been developed to investigate the efficacy of molecular-targeted therapy for similar
oncogene-defined subgroups across different tumour types'™.

The activity of the BRAF V600 kinase inhibitor vemurafenib has been explored in a basket trial enrolling
120 patients with refractory BRAF mutated cancers. In the BTCs patient cohort, vemurafenib monotherapy
showed 62% of DCR™®..

Another phase II basket trial of the BRAF inhibitor dabrafenib in combination with the MEK inhibitor
trametinib in multiple refractory tumour types with BRAFV600E mutation showed ORR in 51% (22/43) of
patients with BTCs"™”. Common treatment-related adverse events included pyrexia, rash, and nausea. The
most common grade 3 or worse adverse event was increased y-glutamyltransferase in five (12%) patients.
No treatment-related deaths were reported. Further investigation in larger trials is warranted to confirm
these early promising results.

A similar experience included 251 patients with 35 different advanced refractory tumour types with
alterations in HER-2, EGFR, BRAF, and Hedgehog pathway, who were treated with pertuzumab plus
trastuzumab, erlotinib, vemurafenib, or vismodegib, respectively®. In the small BTCs cohort (n = 7),
HER-2 targeted therapy (trastuzumab plus pertuzumab) resulted in objective response in two patients while
three patients experienced durable response (disease stability > 6 months)"'’.

In another basket trial of patients with HER-2 or HER-3 mutations treated with neratinib, 2/9 patients of the
BTCs cohort experienced partial response™’.
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Basket trials have also demonstrated the clinical activity of tropomyosin receptor kinase (TRK) inhibitors in
TRK fusion-positive cancers. Entrectinib and Larotrectinib are potent, highly selective inhibitors of
tropomyosin TRK A, B, and C, which has been shown promising results with RR up to 75% in NTRK gene
fusion-positive advanced solid tumours, including BTCs, in early-phase trials®’. The long duration of
response (10 months for entrectinib and not reached for larotrectinib), and the good tolerability, led to
expedite approval from the FDA in 2018 and 2019 for larotrectinib and entrectinib for patients with
histology-agnostic solid tumours harbouring NTRK fusions. Although present in a small percentage of
BTCs patients (3%-5%), NTRK fusion constitutes a promising therapeutic target to further investigate in this
disease. NTRK inhibitors are currently being explored in clinical studies, which include advanced BTCs
(NCTo02576431, NCT02568267).

The above-mentioned studies demonstrate that histology-independent, biomarker-driven trials are feasible
and represent a potential tool for developing targeted therapies for small - molecularly selected - patient
subgroups of refractory cancers, thus constituting a unique opportunity to advance the paradigm shift from
unselected to genome-driven oncology. However, major efforts are necessary to expand biomarker-directed
clinical trials that are adequately powered for small groups of patients with a wide range of potentially
actionable genetic aberrations.

In this context, several studies based on tumour sequencings such as TAPUR (NCT02693535) and MATCH
(NCT02465060) trials are investigating the clinical activity of a series of compounds in patients with
advanced solid tumours, including BTCs. The rationale is that patients with genetic abnormalities (such as
mutations, amplifications, or translocations) may benefit from treatments matching the genetic profile that
are either in clinical trials or already approved for the treatment of other cancer types.

Immunotherapy

Immunotherapy based on monoclonal antibodies targeting the immune checkpoint regulators such as
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) and programmed death 1 (PD-1) or programmed
death ligand 1 (PD-L1), has emerged as a promising therapeutic strategy for several tumour types, including
melanoma, non-small cell lung cancer, urothelial carcinoma, renal-cell carcinoma, head and neck cancer,
and hepatocellular carcinoma®. In contrast, this strategy was associated with modest efficacy in unselected
patients with aBTCs"*". The only FDA-approved immunotherapy in BTCs is pembrolizumab, an
anti-PD-1 antibody, which received tissue-agnostic approval for the treatment of advanced solid tumours
with DNA mismatch repair deficiency (AMMR) or microsatellite instability (MSI), including those of the
biliary tract (< 3% cases)"”.

The safety and activity of Pembrolizumab in patients with aBTCs have been investigated in the phase 1b
multicohort study KEYNOTE-028 (NCT02054806) and the phase 2 multicohort study KEYNOTE-158
(NCT02628067), respectively”. PD-L1 positive tumours were required for eligibility in KEYNOTE-028
only. These two studies demonstrated that pembrolizumab monotherapy provides durable antitumor
activity in 6% to 13% of patients with advanced BTC, regardless of PD-L1 expression, and has a manageable
toxicity profile. In KEYNOTE-028, ORR was 13% (3/23), mOS and mPFS were 5.7 and 1.8 months. In
KEYNOTE-158, ORR was 5.8% (6/104), mOS and mPFS were 7.4 and 2 months. ORR was 6.6% (4/61) and
2.9% (1/34) among PD-L1-expressers (n = 61) defined by using a threshold of 2 1% of tumours cells or
infiltrating lymphocytes expressing PD-L1, and PD-L1-nonexpressers (n = 34), respectively”*”. Whether this
improved ORR translates into improved longer overall survival in patients with PD-L1-negative tumours
remains unclear.
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The overall disappointing results achieved with ICIs monotherapy in BTCs compared to other tumour types
can be explained by their biological features. BTCs are characterised by “cold” TME that lacks dendritic cells
and effector T cells, essential for an effective immunomodulatory activity®”**. A different TME/immune cell
infiltrate may also explain the higher sensitivity to ICIs observed in patients with hepatocellular
carcinoma’.

The only subgroup of patients with higher sensitivity to ICIs is that with dAMMR/MSI high, as already
mentioned. This genomic alteration represents the only potential biomarker that can predict the activity of
this class of drugs identified to date. In the BTC cohort of 22 patients enrolled in the KEYNOTE-158 phase
IT study evaluating pembrolizumab in previously-treated patients with advanced non-colorectal
dMMR/MSI high cancer, the ORR was 40.9% (including complete response in 2 patients), mPES 4.2
months, and mOS 24.3 months"”. The biological explanation of these results is that cancers with
dMMR/MSI high (either due to inherited germline variants or epigenetic inactivation of MMR genes) are
associated with a high degree of somatic mutations and have peculiar biological characteristics such as
increased expression of neoantigens, abundant tumour-infiltrating lymphocyte (TIL), and high tumour
mutational burden (TMB) that stimulate the immune checkpoint axis. Beyond dMMR/MSI-H, TMB is
emerging as an additional predictive biomarker for PD-1/PD-L1 immune checkpoint inhibitors. A whole-
exome-sequencing study of paired tumour/normal BTCs showed that 6% (14/239) were defined as high
TMB using a threshold of > 11.13 A/Mb, which corresponded to a median of 641 non-silent mutations in
this subset of hypermutated tumours. Hypermutation was associated with concurrent MMR deficiency
and/or MSI in about 36% of cases'.

Given to poor results achieved with immune checkpoint inhibitors monotherapy, combinatorial strategies
to enhance the efficacy of this class of drugs in patients with BTCs are currently under clinical investigation.
One promising approach is represented by immunotherapy-chemotherapy combination. The anti-PD-1
nivolumab has been associated with CisGem chemotherapy in phase II clinical trials. The association
resulted in 37% ORR and mPFS and mOS of 4.2 and 15.4 months"*. Phase I1I studies aimed at assessing the
clinical efficacy of this therapeutic opportunity are currently ongoing, including the TOPAZ-1 and
KEYNOTE-966, in which patients are randomised towards receiving CisGem alone or in combination with
the anti-PD-L1 durvalumab or and PD-1 pembrolizumab, respectively. A phase II trial is investigating the
activity of the triplet combination of durvalumab, tremelimumab (anti-CTLA-4), and paclitaxel
(NCT03704480).

The inhibition of the transforming growth factor p (TGF-B) pathway has shown promising preliminary
results. Bintrafusp alfa (M7824) is a first-in-class bifunctional fusion protein composed of the extracellular
domain of the transforming growth factor (TGF)BRII receptor (a TGF-p trap) fused to a human IgG1
monoclonal antibody blocking PD-L1. It has been tested in an expansion cohort from a phase 1 study
(NCTo02699515), including 30 patients with advanced refractory BTCs. The ORR by central assessment was
20%, mPFS was 2.6 months and mOS 12.7 months®’. However, despite initial enthusiasm, results from
recent phase II clinical trials showed disappointing results in first- and second-line settings. Single-agent
bintrafusp alfa demonstrated efficacy, durability, and an acceptable toxicity profile when used in patients
with locally advanced or metastatic BTC who failed or were intolerant to frontline chemotherapy platinum-
based chemotherapy, according to recent data from the phase 2 INTR@PID BTC 047 trial (NCT03833661).
After more than 9 months of follow-up, the independent review committee adjudicated an ORR of 10.1%
(95%Cl: 5.9%-15.8%). Despite the benefit showcased, the trial did not meet the predefined threshold that
would have allowed for regulatory filing for the agent’s use in the second-line treatment of BTC"".
Bintrafusp alfa was also under investigation in combination with CisGem in the frontline treatment of
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patients with BTC as part of the phase 2/3 INTR@PID BTC 055 trial (NCT04066491). However, due to
disappointing preliminary results, the trial has been recently discontinued"®”.

Immune checkpoint inhibitors have also been tested in association with anti-angiogenic drugs. However,
results in BTCs were not satisfactory, in contrast with high efficacy observed in hepatocellular carcinoma.
Pembrolizumab plus ramucirumab, anti-vascular-endothelial growth factor, showed limited efficacy in
patients with previously treated aBTC, with a mOS of 6.4 months and mPFS of 1.6 months"*". Data from
the ongoing IMbrave-151 phase II trial are awaited to assess the role of the combination of CisGem

chemotherapy with Atezolizumab plus/minus Bevacizumab in the first-line setting (NCT04677504).

In conclusion, the efficacy and safety of immunotherapies for BTC are still unclear. ICIs monotherapy has
limited efficacy in unselected patients, while the combinations of ICIs and chemotherapies/targeted
therapies seem to achieve better results. However, further clinical trials are necessary to find the optimal
combination strategy and identify the predictive biomarkers for improved treatment selection. Table 4
shows a selection of ongoing clinical trials exploring ICIs.

Targeting the TME

For many tumour types, targeting the TME is an attractive therapeutic strategy in BTCs. High heterogeneity
of TME both at the molecular and the cellular level has been demonstrated through multi-omics studies,
and different clinically relevant subtypes of BTCs have been suggested based on TME specific
characteristics”>*'*". This increasing knowledge has led to the identification of possible therapeutic
strategies targeting several cell types and/or signalling pathways of the TME. In addition to treatments
targeting the immune cell infiltrate (already discussed above), many others addressed towards different
components of the TME have been recently proposed. In particular, their association with cytotoxic
chemotherapy and tumour cells targeted therapies represents a promising opportunity"*”.

BTCs are characterised by significant desmoplastic reactions orchestrated by stromal cells, and different
types of immune cells infiltrate. The complex TME ecosystem is populated with a wide variety of cells,
including cancer cells, cancer-associated fibroblasts (CAFs), myeloid-derived suppressor cells, tumour-
associated macrophages (TAMs), TILs, tumour-associated neutrophils, natural killer cells, and many
others"***). TME has a significant role in shaping a chemoresistant phenotype. On the one hand, it
constitutes a barrier that obstacles drug delivery; on the other, TME cells interact in dynamic crosstalk with
components of the extracellular matrix (ECM), soluble factors - including cytokines, chemokines, growth
factors - and biliary tumour cells to modulate chemo-resistance and drive tumour progression"*"*?. From a
therapeutic point, the most interesting cells are CAFs and TAMs.

CAFs are a heterogeneous group of cells characterised by the expression of alpha-smooth muscle actin and
platelet-derived growth factor receptor beta. They are the key protagonists in the TME of BTCs and have a
pivotal role in ECM composition and crosstalk with cancer cells through the secretion of TGF-B, stromal
cell-derived factor 1, hepatocyte growth factor, connective tissue growth factor, epidermal growth factor and
platelet-derived growth factor!™. CAFs are first recruited by CCA tumour cells which subsequently exert
positive feedback and amplify their activity. Once activated, CAFs promote CCA progression.

TAMs and exerts a key role in cancer-related inflammation by promoting tumour-cell proliferation,
angiogenesis, matrix turnover and suppression of the adaptive immune response"””. TAMs create a
favourable niche by interacting with biliary cancer cells and other stromal cells via releasing multiple
protumour factors (including IL-4, IL-6 and IL-10, CCL17, CCL18, and MMP9) that ultimately sustain
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Table 4. Inmunotherapy combinations: ongoing clinical trials

Trial number Phase Pathways targeted Drug(s) Line of treatment
NCT03478488 3 PDL-1, chemotherapy KNO35/GEMOX I
NCT04003636 3 PD-1, chemotherapy Pembrolizumab/GEM/CIS |
NCT03875235 3 PDL-1, chemotherapy Durvalumab or Placebo and GEM/CIS |
NCT04066491 2/3 PD-LT; TGF-B Trap fusion protein, GEM/CIS with or without Bintrafusp alfa (M7824) |
chemotherapy
NCT04677504 2 PD-L1, chemotherapy, VEGF GEM/CIS/Atezolizumab with or without |
Bevacizumab

NCT04027764 2 PD-1, chemotherapy Toripalimab/S1/Albumin Paclitaxel |
NCT03796429 2 PD-1, chemotherapy Toripalimab/Gemcitabine-S1 |
NCT04191343 2 PD-1, chemotherapy Toripalimab/GEMOX |
NCT03486678 2 PD-1, chemotherapy SHR-1210/GEMOX |
NCTO3111732 2 PD-1, chemotherapy Pembrolizumab/capecitabine/oxaliplatin Il
NCTO03785873 2 PD-L1, chemotherapy Nivolumab/NALIRI/5-FU, leucovorin 1
NCT03486678 2 PD-1, chemotherapy SHR-1210/GEMOX I
NCT03046862 2 PDL-1, CTLA-4, chemotherapy Durvalumab/Tremelimumab/GEM/CIS |
NCT02834013 2 PD-1, CTLA-4 Nivolumab/Ipilimumab Il
NCT03092895 2 PD-1, VEGF, chemotherapy SHR-1210/Apatinib, GEMOX or FOLFOX Al
NCT04211168 2 PD-1, VEGF Toripalimab/Lenvatinib 1
NCT03797326 2 PD-1, VEGF Pembrolizumab/Lenvatinib Il
NCT03895970 2 PD-1, VEGF Pembrolizumab/Lenvatinib Il
NCT04057365 2 PD-1, DKK1 Nivolumab/DKN-01 Il
NCT03250273 2 PD-1, Histone deacetylase inhibitor Nivolumab/Entinostat 1
NCT03639935 2 PD-1, PARP Nivolumab/Rucaparib Il
NCT04004234 1/2 PD-1, chemotherapy Manganese/anti-PD-1/Nabpaclitaxel-gemcitabine /Il
NCT03937895 1/ 2 PD-1, SMT-NK Pembrolizumab/Allogeneic NK cell 1
NCT03475953 1/2 PD-1, MAPK Avelumab/Regorafenib /1l
NCT03475953 1/2 PD-1, MAPK Avelumab/Regorafenib /1
NCT03849469 1 PD-1, CTLA-4, LAG-3 XmAb®22841/Pembrolizumab Il
NCTO03257761 1 PDL-1, DNMT inhibitor Durvalumab/Guadecitabine (SGI-110) 1

GEMOX: Gemcitabine + oxaliplatin; GEM/CIS: gemcitabine + cisplatin; FOLFOX: 5-fluorouracil + folinic acid + oxaliplatin; CTLA-4: cytotoxic T-
lymphocyte-associated antigen 4; PD-1: programmed death 1; PD-L1: programmed death ligand 1; TGF-p: transforming growth factor p; 5-FU: 5-
fluorouracil.

CCA growth. In addition, TAMs exert immunosuppressive and chemoresistant effects.

Several therapeutic strategies targeting TME and associated cell types showed promising preclinical activity.
Navitoclax (Bcl-2 inhibitor) was shown to induce apoptosis in CAFs leading to decreased ECM and stroma
deposition and tumour size in vivo using rat xenograft models transplanted with rat CCA cell line BDEneu
cells"**. Similarly, 1D11, a monoclonal antibody targeting TGF-B, demonstrated the ability to inhibit TGF-B,
decrease fibrogenesis, ECM deposition, and CCA development in rats""..

WNT pathway is important for CCA progression and growth, and its activation is maintained by
inflammatory macrophages in the tumour stroma in vivo. Mouse and rat CCA models demonstrated that
depletion of TAMs or inhibition of WNT signalling with one of two small molecules significantly reduces
tumour proliferation and increased apoptosis, resulting in tumour regression'”.
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TWEAK/Fn14 pathway is also increasingly expressed in CCA. It not only supports tumour proliferation but
also modulates migration and polarisation of TME cells, including macrophages and CAFs. The
pharmacological inhibition of TWEAK/Fn14 and of its downstream signals significantly reduced CCA
xenograft growth, inflammation and fibrosis, while TWEAK overexpression drove cancer-associated

fibroblast proliferation and collagen deposition in the tumour niche in preclinical models'..

These preliminary studies indicate that targeting TME is a promising therapeutic strategy to further
investigate in clinical trials.

Other potential therapeutic targets on the horizon

In addition to those discussed in the previous sections, many other potential targets include DNA damage
response (DDR), MET aberrations, PI3K/AKT/mTOR signalling pathway, and chromatin remodelling gene
alterations (ARID1, BAP1 and PBRM1).

DDR can be found in up to 60% of BTCs and may offer several therapeutic advantages with PARP
inhibitors (PARPi)!"**""". Inactivation of BRCA1 and BRCA2 genes is the most frequent event associated
with DDR""*. In a retrospective multicentric study, Golan ef al."* demonstrated that 4/18 CCA patients
with BRCA pathogenic variants (somatic or germline) treated with PARPi achieved a favourable response in
first or subsequent lines, of whom one experienced sustained disease response with a PES of 42.6 months.
The 44% of patients (8/18) had a previous personal or a family history of BRCA-associated cancer (breast,
ovarian, prostate and pancreatic cancer).

Several PARPI are currently being investigated in BTCs patients, including olaparib, rucaparib, and
niraparib, as single agents or associated with other strategies [Table 3]. In particular, the combination of
PARPi and IDH1 inhibitors or ICIs is based on the preclinical rationale of potential synergistic activity.
Mutations in IDH gene are shown to significantly decrease homologous recombination repair activity by
inhibiting the aKG-dependent dioxygenases, therefore enhancing the sensitivity to PARPi"*”. Ongoing
clinical trials are exploring the efficacy of PARPi in IDH1/2 mutant iCAA in order to assess their synthetic
lethality and to target IDH1/2-related dependencies (NCT03212274, NCT03878095).

Treatment with PARPI has also been associated with increased genomic instability, immune pathway
activation, and PD-L1 expression on cancer cells, which might promote responsiveness to ICIs"*".

High c-Met expression and MET amplifications are described in up to 16% and 7% of BTCs, respectively'**..
Cabozantinib is a multi-kinase inhibitor of MET, already approved for the treatment of advanced renal cell
and thyroid carcinoma”. It showed limited activity and significant toxicity in a study of 19 unselected,
previously treated, BTCs patients with a mPFS and mOS of 1.8 (95%CI: 1.6-5.4) and 5.2 (95%CI: 2.7-10.5)
months, respectively"”*. However, the administration of this agent-based on molecular selection may be
more effective.

Mutations in the PI3K/AKT/mTOR signalling pathway have been described in 40% of eCCA and 25% of
iCCA (25%)"*". Preclinical studies have shown activity of PI3K/AKT/mTOR inhibition in BTCs,
suggesting that this therapeutic strategy may have clinical utility for a subset of BTCs harbouring
aberrations in this pathway"*. However, despite initial enthusiasm from clinical studies with rapamycin
analogues, showing interesting activity with an acceptable toxicity profile, novel strategies exploring AKT
and PI3K inhibitors have raised serious safety concerns, highlighting the need for improved patient
selection and increased target specificity for the clinical development of these agents'**. Several ongoing
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trials are currently investigating the combination (or sequential approach) of AKT-mTOR inhibitors or
PI3K-mTOR inhibitors plus chemotherapy (NCT02465060, NCT 02836847, NCT02631590).

Lastly, numerous chromatin-modifying enzymes are frequently mutated or altered by copy number
aberrations in BTCs. Blocking these targets when found dysregulated represent a compelling strategy to
explore in BTCs!**'2"'2%

CONCLUSION

Overall, BTCs constitute a neglected disease for which novel therapeutic strategies are urgently needed.
After years of “one-size fits all” approach, characterised by a series of failures in improving patient outcomes
with only marginal progress made thanks to the allocation of first-line chemotherapy, we are now
witnessing the dawn of a new era based on molecularly driven decision making. The current standard
therapeutic portfolio includes chemotherapy in first-line (CisGem) and second-line for unselected patients
(FOLFOX); patients with molecular aberrations (IDH mutations, FGFR fusions, MSI high) can be treated
with targeted therapies or pembrolizumab following progression to frontline chemotherapy [Figure 1].

Despite currently being limited to small patient subgroups, “precision medicine” for BTCs is possible - and
desirable - given the numerosity of ongoing biomarker-based/enriched clinical trials and potential
therapeutic vulnerabilities recently identified, both in the tumour and in the immune-microenvironment.
To reach this ambitious goal, a revolution in patient management is much needed. Large-scale efforts to
implement tumour’s molecular characterisation at diagnoses with a rapid translation of information to
clinical research, in addition to expanding clinical trials (and trial enrolment), should be a health priority.
Implementing liquid biopsy studies will be a crucial step to facilitate sample collection for biomarker
discovery, treatment monitoring, and disease surveillance in BTCs. In parallel, enhanced preclinical
research will be essential to the identification of predictive biomarkers and to the elucidation of mechanisms
of primary and acquired resistance. Multi-omics studies and international collaborations are also
fundamental to accelerate the precision therapeutic development in this aggressive disease.
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