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Abstract

Background: Biliary tract cancers (BTCs) represent a heterogeneous group of aggressive solid tumors with limited therapeutic
options, and include gallbladder cancer (GBC), ampulla of Vater cancer (AVC), intrahepatic cholangiocarcinoma (iCCA) and
extrahepatic cholangiocarcinoma (eCCA).

Methods & Results: In the current review, we will discuss recent results of clinical trials testing targeted therapies in BRAF-
mutant BTCs, with a particular focus on the recently published Phase II ROAR trial and ongoing active and recruiting clinical trials.

Conclusions: Although the extended use of molecular profiling has paved the way toward a new era in BTC management,
targeted therapies are limited to iCCA so far, and the prognosis of patients with metastatic disease has substantially not changed
in the last decade. In this discouraging scenario, BRAF inhibition is currently emerging as a novel treatment option in patients
harboring BRAF mutations.
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Introduction

Biliary tract cancers (BTCs) include a heterogeneous group of

aggressive malignancies arising in the bile duct system,

accounting for approximately the 3% of all gastrointestinal

tumors and representing the second most frequent type of pri-

mary liver cancer after hepatocellular carcinoma (HCC).1,2

BTCs comprise gallbladder cancer (GBC), ampulla of Vater

cancer (AVC), and cholangiocarcinoma (CCA), which is fur-

ther subdivided into intrahepatic (iCCA) and extrahepatic cho-

langiocarcinoma (eCCA) (Figure 1)3; eCCA, occurring outside

the liver parenchyma, is further classified into perihilar

(pCCA) and distal cholangiocarcinoma (dCCA).4,5 Despite the

remarkable differences in incidence among distinct geographic

areas, BTC rates are rising in the vast majority of western

countries, mainly as a consequence of improved diagnostic

techniques and the growing incidence of iCCAs.6,7
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Radical surgical resection remains the mainstay of cure, but

unfortunately, since BTCs are frequently asymptomatic in early

stages and given the lack of specific screening programs, most of

patients are diagnosed with locally advanced / unresectable or

metastatic disease.8-10 In addition, a relevant percentage of

patients considered to have localized, resectable disease at diag-

nosis is subsequently found to be unresectable during explora-

tory laparotomy.11 Moreover, recurrence rates remain high even

after radical surgery, with 5-year overall survival (OS) rate of

less than 10% for all patients.12,13

Recent controversial results of the randomized phase III BIL-

CAP trial support the use of adjuvant capecitabine, on the basis

of an OS benefit in the experimental arm compared to observa-

tion alone (53 months versus 36 months, respectively, Hazard

Ratio [HR] 0.75, 95% CI 0.58-0.97; P ¼ 0.0028 in the prespe-

cified per-protocol analysis).14 In BTC patients with advanced

disease, first-line systemic chemotherapy represents the current

standard of care, following the landmark ABC-02 trial compar-

ing the cisplatin-gemcitabine (CisGem) doublet to gemcitabine

monotherapy.15 According to the results of this phase III trial on

410 BTCs, CisGem reported a statistically significant OS benefit

compared to gemcitabine (11.7 months versus 8.1 months, HR

0.64, 95% CI 0.52-0.80; P < 0.001) in the overall population as

well as in distinct anatomical subgroups. These results have been

confirmed by the Japanese BT22 trial, with a median OS of

11.2 months achieved in the reference doublet arm compared

to 7.7 months in patients receiving gemcitabine monotherapy.16

As regards second-line setting, the fast deterioration of

patients’ performance status following disease progression

often limits the possibility of active treatment. Moreover,

second-line systemic chemotherapy (including doublet che-

motherapy with capecitabine and irinotecan, 5-fluorouracil

monotherapy, etc.) has historically shown limited benefit, as

suggested by a systematic literature review reporting a mean

progression-free survival (PFS) of 3.2 months, a mean OS of

7.2 months and a response rate of 7.7%.9 More recently, a

phase II randomized trial observed a 9-month PFS benefit in

BTC patients receiving second-line XELIRI over irinotecan

monotherapy (60.9% versus 32.0%, p ¼ 0.045), with a toler-

able safety profile.8 However, in patients failing first-line ref-

erence doublet, there is now evidence that chemotherapy with

modified FOLFOX (mFOLFOX) could provide substantial

improvement in 6-month and 12-month survival rate compared

to active symptom control (ASC), following recent results of

the ABC-06 trial.17 Moreover, this phase III randomized trial

has suggested a statistically significant OS benefit in patients

treated with mFOLFOX (5-fluorouracil and oxaliplatin) plus

ASC versus ASC alone (6.2 months versus 5.3 months, HR

0.69, 95% CI 0.50-0.97; P ¼ 0.031). Nonetheless, the overall

prognosis of BTC patients with metastatic disease remains

poor, with a median OS of less than a year, something which

urgently calls for novel, more effective therapeutic options.18,19

In the last decade, the advent of genomic sequencing has led

to a better understanding of the complex molecular landscape

of BTC, revealing that each anatomical subgroup displays dis-

tinct mutational features and potentially actionable targets.20-22

Interestingly, recent genomic sequencing data have suggested

that approximately half of BTC patients harbor at least 1 driver

mutation, paving the way toward a number of trials assessing

targeted treatments in biomarker-enriched populations. In fact,

novel agents are emerging in BTCs, with isocitrate dehydro-

genase (IDH), fibroblast growth factor receptor (FGFR) and

epidermal growth factor receptor 2 (HER2), representing pro-

mising targets.23-26 Among genetic aberrations described in

BTC, BRAF mutations have been reported in around the

5-7% of BTCs, mainly in the subcohort with iCCA.27,28 Of

note, recent years have seen a growing interest toward targeting

BRAF in BTCs, as witnessed by the recently published ROAR

trial which evaluated the dual inhibition of dabrafenib (BRAF

inhibitor [BRAFi]) plus trametinib (MEK inhibitor [MEKi]) in

BTC patients harboring the BRAFV600E mutation.29

In the current review, we aim to provide an overview of

recent advancements and emerging therapeutic options in

BRAF-mutant metastatic BTC, especially focusing on recently

published data and ongoing trials evaluating this novel thera-

peutic approach in BTCs.

The Genomic Landscape of Biliary
Tract Cancer

In recent years, the extensive use of tumor genomic profiling has

led to the identification of important features of BTCs, revealing

the presence of remarkable differences among distinct sub-

types.30-32 Firstly, the pivotal study by Nakamura and colleagues

analyzed 260 BTC Japanese patients (including 231 CCAs and 29

Figure 1. Schematic figure reporting anatomical subgroups of biliary
tract cancer and commonly occurring gene aberrations; ampl: ampli-
fications; BAP1: BRCA1 associated protein-1 (ubiquitin carboxy-terminal
hydrolase); dCCA: distal cholangiocarcinoma; eCCA: extrahepatic cholan-
giocarcinoma; FGFR2: Fibroblast Growth Factor Receptor 2; GBC: gallblad-
der cancer; HER2: Human Epidermal growth factor Receptor 2;
iCCA: intrahepatic cholangiocarcinoma; IDH: isocitrate dehydrogenase 1;
mut: mutations; pCCA: perihilar cholangiocarcinoma; PIK3CA: Phosphatidy-
linositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha.
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GBCs), by performing whole-exome and transcriptome sequen-

cing33; interestingly, the authors identified a number of poten-

tially targetable genetic aberrations, including FGFR2,

ATP1B-PRKACA and ATP1B-PRKACB gene fusions. In addi-

tion, several clusters of missense mutations were detected, includ-

ing IDH1, NRAS, GNAS, KRAS, ERBB2, and PIK3CA, which

were more common in pCCA and dCCA compared with iCCA.33

Javle and colleagues—using the FoundationOne platform—sys-

tematically investigated the correlation between genomic muta-

tions and clinical features in a large cohort of BTC patients

including 412 iCCAs, 85 GBCs and 57 eCCAs.34 According to

the results of this landmark study, different gene aberrations were

observed depending on BTC anatomical subtype, with a predo-

minance of TP53 aberrations and FGFR mutations in iCCAs and

KRAS and ERBB2 aberrations in eCCAs and GBCs, respec-

tively.34 Moreover, IDH mutations and FGFR2 gene fusions were

mainly limited to intrahepatic forms, also appearing to be

mutually exclusive; in addition, a positive correlation with sur-

vival was highlighted in iCCA patients harboring FGFR genetic

aberrations while TP53 and KRAS mutation carriers presented

lower survival.34

More recently, a prospective study using the MSK-IMPACT

platform confirmed these findings analyzing tumor samples

from 195 BTC patients, observing remarkable heterogeneity

among different anatomical subgroups and describing the pre-

ponderance of IDH1, BAP1, TP53 mutations and FGFR2 gene

fusions in iCCAs.35 In addition, a recent report by Jusakul and

colleagues shed further light on BTC landscape, leading to the

identification of 4 distinct molecular subtypes by performing

integrative clustering analysis of genomic and clinical data in a

large cohort of almost 500 patients.36 Among the clusters sug-

gested by this international report, Cluster 1 and Cluster 2

tumors mainly included fluke-positive malignancies harboring

ERBB2 amplifications, TP53 and ARID1A gene alterations

and CpG hypermethylation. In addition, these 2 clusters were

associated with worse prognosis and a more aggressive beha-

vior.36 Conversely, Cluster 3 and Cluster 4 BTCs were not

associated to fluke infection, presenting high PD-L1 and

PD-1 expression and IDH and BAP1 mutations.36 Moreover,

the specific group of Cluster 4 tumors mainly included iCCA

patients with FGFR alterations, which were associated with

better survival compared to Cluster 1 and 2.

The identification of distinct molecular subtypes has repre-

sented a historical step forward in the comprehension of BTC

features.37-39 Importantly, about half of BTC patients harbor

potentially targetable genetic mutations, and thus, a wide num-

ber of potential targets such as IDH mutations and FGFR2 gene

fusions are currently under evaluation, with a view to provide

novel and more effective treatment options.40-44 In particular,

IDH mutations alter the physiological catalytic activity of iso-

citrate dehydrogenase 1 and 2, hesitating in the formation of the

new metabolite 2-hydroxyglutarate (2-HG), which has an onco-

genic role.21 The recent phase III ClarIDHy trial has randomized

185 IDH-mutant BTC patients whose disease progressed on

standard of care chemotherapy to the IDH1 inhibitor ivosidenib

or placebo.25 Of note, the primary endpoint of the study was met,

with a median PFS of 2.7 versus 1.4 months for patients treated

with ivosidenib and with placebo, respectively (HR 0.37, 95%
CI 0.25-0.54; P < 0.001).25 Additionally, the intention-to-treat

analysis observed a median OS of 10.8 months in the ivosidenib

group versus 9.7 months in the placebo arm.25 Another impor-

tant target is represented by FGFR2 gene fusions, with several

trials which have reported interesting results in this setting.27

Firstly, a phase II study evaluating the FGFR inhibitor infigra-

tinib has shown an overall response rate (ORR) of 18.8% and a

disease control rate (DCR) of 83.3%28; similarly, the FGFR

inhibitor derazantinib has obtained an ORR and a DCR of

20.7% and 82.8%, respectively, in a phase II trial.32 More

recently, the FGFR1, FGFR2 and FGFR3 inhibitor pemigatinib

has been tested in the FIGHT-202 trial, reporting a remarkable

35.5% of ORR, a median PFS of 6.9 months and a median

duration of response of 7.5 months, with these results leading

to the US FDA approval of pemigatinib.23,43 Moreover, several

other targets are currently under exploration, including muta-

tions in DNA damage repair (DDR) genes, NTRK gene fusions

and PIK3CA mutations.18-20,22

However, as observed in other malignancies treated with

targeted treatments, acquired resistance represents an impor-

tant issue in BTC management limiting the durability of

response and liquid biopsy has the potential to play an impor-

tant role in this setting.26,41,42 For example, although a wide

number of FGFR inhibitors have shown promising antitumor

activity in iCCA, several reports have observed the onset of

specific resistance mechanisms to FGFR inhibition. A pivotal

study by Goyal and colleagues reported acquired resistance to

FGFR inhibitors in 3 FGFR-fusion positive iCCAs receiving

infigratinib.41 Of note, the authors performed biopsy sample

and sequencing of cell-free DNA (cfDNA) at baseline and

following progressive disease, observing secondary FGFR

mutations. In a subsequent study, the third-generation, irrever-

sible FGFR inhibitor TAS-120 (or futibatinib) was able to over-

come these resistance mutations, reporting activity against

multiple mutations conferring resistance to derazantinib.42

Thus, strategic sequencing of FGFR inhibition with serial

liquid biopsies and circulating tumor DNA (ctDNA) could pro-

long the duration of response from FGFR inhibitors, orienting

the therapeutic management of these patients. In fact, a key role

for liquid biopsy and cfDNA/ctDNA analysis could be repre-

sented by monitoring response to targeted treatments, by track-

ing the emergence of resistance—and thus, translating previous

evidence observed in other malignancies such as non-small cell

lung cancer and colorectal cancer in BTC management.

BRAF Mutations in Biliary Tract Cancer

The RAS-RAF-MEK-ERK, or mitogen-activated protein

kinase (MAPK), pathway is involved in crucial processes of

cell proliferation and survival.45,46 Since BRAF is a member of

these kinases, BRAF mutations—which have been found in

several malignancies, including melanoma, non-small cell lung

cancer and colorectal cancer—constitutively activate this path-

way.47-50 To date, more than 50 BRAF mutations have been
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described, the most common of which is the V600E point

mutation.51

BRAF mutations are rare in BTCs, occurring almost exclu-

sively in iCCAs and presenting an overall prevalence ranging

between 5% and 7%.52 A study on 926 Chinese patients with

hepatobiliary malignancies (469 iCCAs, 203 eCCAs, 195 GBCs

and 59 hepatocholangiocarcinomas) has been presented at the

ASCO Virtual 2020 Meeting53; of note, BRAF activating muta-

tions were observed in the 5.5% of patients, with BRAF V600E

mutations detected in the 1.5% of iCCAs and the 0.5% of GBCs.

Additionally, no BRAF V600E mutations were highlighted in

the other cohorts.53 Interestingly, BTCs harboring BRAFV600E

mutations have been described as a unique molecular and

clinical subtype of biliary tumors.

Although early studies, including a German report on 69

CCA patients, suggested no correlation between survival and

BRAF mutations, BRAFV600E-mutated BTCs have been more

recently associated with higher TNM stage, resistance to sys-

temic chemotherapy, aggressive clinical course and worse sur-

vival.54,55 In particular, a landmark study by Robertson and

colleagues identified the presence of BRAF mutations in the

7.4% of patients by using immunohistochemistry, with overall

survival resulting 37.3 months in wild-type patients and

13.5 months in BRAF-mutated subjects.55

The possibility to target BRAF mutations in BTCs was

firstly explored in a Phase II basket trial evaluating the BRAFi

vemurafenib as monotherapy in pretreated patients with meta-

static disease (Figure 2).56 According to the results of this trial,

vemurafenib monotherapy yielded limited responses, with only

1 out of 8 patients achieving partial response (PR) and an ORR

of 12%.56

An alternative strategy used to target MAPK has seen the

evaluation of MEKi in solid tumors, including BTC.57 The

MEKi selumetinib has been tested as monotherapy in 25 meta-

static CCAs in a multi-institutional Phase II trial in which the

39% of subjects had previously received at least 1 prior systemic

chemotherapy.58 Of note, no BRAF V600E mutations were

found in enrolled patients. Three PRs and 17 SDs were observed,

with median PFS and OS of 3.7 months and 9.7 months, respec-

tively. Mild toxicities were detected, with rash (90%) and

xerostomia (54%) reported as the most frequent; only 1 patient

experienced grade 4 toxicity (fatigue). Trametinib, a highly

selective MEKi, has been evaluated as second-line therapy in

advanced CCA patients with disease progression after prior

CisGem in the SWOG S1310 trial.59 Unfortunately, the trial was

stopped prematurely following the discouraging lack of

responses detected.59 Similarly, the selective MEKi binimetinib

has reported disappointing responses in advanced BTC, as

Figure 2. Schematic representation of signaling pathways in biliary tract cancer, with a particular focus on the mitogen-activated protein kinase
(MAPK) / extracellular signal-regulated kinase (ERK), or RAS/RAF/MEK/ERK pathway, with BRAF and MEK inhibitors.
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monotherapy or in combination with cytotoxic chemotherapy.60

The overall limited activity of MEK inhibition has been further

highlighted in other recent trials, including a recent phase I/II

study evaluating binimetinib in combination with CisGem in

chemotherapy-naı̈ve BTC patients.61 According to the results

of this study, the triplet did not show an improvement in terms of

response rate and PFS at 6 months. Similarly, a phase II,

single-arm trial investigating the efficacy and safety of trameti-

nib in Japanese patients with previously treated advanced BTC

observed no benefit in terms of 12-week non-progressive dis-

ease (PD) rate.62 Although the primary endpoint of this trial was

not met, signals of activity were detected, as witnessed by the

prolonged PFS in a patient harboring specific mutations—

including synonymous NF1 exon 12 splice variant and a

loss-of-function variant in ARID1A.

As evidenced in other malignancies (e.g. malignant mela-

noma) even after initial response to BRAFi monotherapy, the

onset of acquired resistance represents a major obstacle in

BRAF targeted treatments.63,64 On the basis of preclinical and

clinical data which have evidenced that the dual inhibition of

BRAF and MEK could play a synergistic effect—thus delaying

the emergence of resistance—BRAFi and MEKi combinations

have been evaluated in BRAF-mutated BTCs. Sporadic case

reports and case series regarding BRAFV600E-mutant BTC

patients receiving dabrafenib plus trametinib combination have

reported remarkable results, with cases of complete response to

BRAFi plus MEKi.65,66 In particular, Kocsis and colleagues

reported the case of a 59-year-old BRAF V600E-mutated

eCCA patient reporting complete response after dabrafenib

plus trametinib combination treatment.65 Of note, the included

patient—whose disease progressed after first-line chemother-

apy with cisplatin plus gemcitabine doublet—was firstly

treated with dabrafenib orally 150 mg twice daily with subse-

quent addition of trametinib 2 mg once a day. Similarly, Lavin-

gia reported 2 cases of BRAF V600E-mutated iCCA treated

with dabrafenib plus trametinib, reporting one complete

response and a partial response, confirming the promising

activity of dual BRAF and MEK targeting in these patients.66

Interestingly, Subbiah and colleagues recently published the

results of the BTC subgroup of the ROAR study, a basket trial

assessing dabrafenib plus trametinib combination in different

cohorts of solid tumors harboring BRAF V600E mutation.29 In

this open-label, Phase II, non-randomized trial, 43 BTC

patients with metastatic disease have been treated with dabra-

fenib 150 mg twice daily plus oral trametinib 2 mg once daily

as second- or later-line treatment.29 39 out of 43 patients were

affected by iCCA, representing the 91% of the entire popula-

tion. According to the results of this trial, dabrafenib plus

trametinib combination yielded an overall response rate of

51% (95% CI 36-67, 22 of 43 patients), with median PFS and

median OS of 9.0 months (95% CI 5.0-10.0) and 14.0 months

(95% CI 10.0-33.0), respectively. The results of this study are

particularly relevant if we consider the patient population of

this subcohort, affected by metastatic and highly pretreated

BRAFV600E-mutated BTCs. In addition, the BRAFi plus

MEKi combination reported a manageable safety profile, with

increased g-glutamyltransferase observed as the most common

grade 3 or worse adverse event in 5 out of 43 patients (12%)

and no treatment-related deaths.29 The clinical benefit high-

lighted in the BTC subcohort with the dabrafenib plus trame-

tinib combination represents an important step forward in the

management of this group of malignancies, and routine testing

for BRAF V600E mutation should be carefully considered in

all BTC patients—especially in iCCAs, where this mutation is

relatively more frequent.

Ongoing Trials

In this changing landscape, several Phase I and II basket trials

are evaluating the role of BRAFi in BRAF-mutant solid

tumors, including advanced BTC (Table 1). The BRAF V600

inhibitor ABM-1310 is being assessed in a Phase I trial

(NCT04190628) enrolling advanced or metastatic BRAF

V600-mutated solid tumors such as melanoma, glioblastoma,

colorectal cancer, NSCLC, thyroid cancer, ovarian cancer and

CCA. The primary endpoint of this trial is the determination of

the maximum tolerated dose (MTD), with safety and ORR also

assessed as secondary endpoints. This study has a planned

enrollment of 27 patients with an estimated primary completion

date in December 2021. Regarding second-generation inhibi-

tors, the BRAFi BGB-3245 is under investigation in patients

with advanced solid tumors—including BTCs—harboring

BRAF mutations in a Phase I trial (NCT04249843). With a

planned recruitment of 69 patients, this study has MTD and

safety as co-primary endpoints.

Regarding the dual inhibition of BRAF and MEK, the Phase

II BEAVER trial (NCT03839342) is exploring the role of bini-

metinib plus encorafenib combination in advanced solid

tumors harboring non-V600E BRAF mutations. ORR repre-

sents the primary endpoint of this basket trial. The dual inhibi-

tion of BRAF and MEK is also under investigation in a Phase

I/II trial evaluating dabrafenib plus trametinib in combination

with the Bcl-2 inhibitor navitoclax (NCT01989585). This trial

is currently enrolling patients with BRAF-mutant advanced

malignancies, with a view to primarily determine the MTD,

toxicity and safety profile of this triplet. Other approaches

under investigation involve the combination of the selective

ERK1/2 inhibitor JSI-1187 with BRAFi. In particular, a Phase

1 trial is investigating the JSI-1187 as monotherapy or in com-

bination with dabrafenib in advanced solid tumors (including

BTCs) harboring MAPK pathway mutations or BRAF V600E

mutations (NCT04418167). Primary endpoint of this study is

the incidence of treatment emergent adverse events while

co-secondary endpoints are ORR, duration of response, time

to response, disease control rate, PFS and OS. The novel

and selective Janus-associated kinase 1 (JAK1) inhibitor itaci-

tinib (INCB039110) is being tested in a Phase I trial evaluating

the combination of itacitinib plus dabrafenib plus trametinib

in BRAF-mutant melanoma and other solid tumors

(NCT03272464). This study has a planned enrollment of 38

patients with an estimated primary completion date in Septem-

ber 2023.
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Conclusions

Recent years have witnessed a new era in BTC management,

and previous treatment paradigms are quickly evolving.67,68

However, the prognosis of this heterogeneous group of malig-

nancies remains poor, with limited treatment options currently

available.69-71 In this scenario, novel treatments are under

investigation, with BRAF mutations having the potential

to become important therapeutic targets in the near future,

moving toward a more personalized approach in these aggres-

sive malignancies.
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