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Abstract: Cholangiocarcinomas are rare tumors originating at any point along the biliary tree.
These tumors often pose significant challenges for diagnosis and treatment, and often carry a
poor prognosis. However, in recent years, studies have identified significant molecular hetero-
geneity with up to 50% of tumors having detectable mutations, leading to the guideline
recommendations for molecular testing as part of the diagnostic workup for these tumors. In
addition, better classification of these tumors and understanding of their biology has led to new
drugs being approved for treatment of this resistant tumor. This manuscript will provide a
comprehensive review of the epidemiology, risk factors, diagnostic approach, molecular
classification, and treatment options for patients with advanced cholangiocarcinomas.
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Introduction

Cholangiocarcinomas (CCA) are a rare, heterogeneous group of malignancies
originating from biliary tract epithelium. They can emerge at any point along the
biliary tree and are classified accordingly as intrahepatic or extrahepatic depending
on their anatomical location. Intrahepatic cholangiocarcinomas (iCCA) are located
within the hepatic parenchyma proximal to segmental bile ducts, while extrahepatic
cholangiocarcinomas (eCCA) can occur anywhere along the extrahepatic bile duct
(Figure 1)." Although these tumors differ in clinical presentation and staging, they
are generally aggressive and most often diagnosed in advanced stages, resulting in a
Very poor prognosis.

Epidemiology and Risk Factors

Cholangiocarcinomas represent about 3% of gastrointestinal malignancies in the
United States, with approximately 12 cases per 100,000.% Incidence of CCA varies
throughout the world, reflecting the geographic distribution of risk factors. In the
US and Europe, the main identifiable risk factors are fibropolycystic disease (e.g.,
choledochal cysts) and Primary Sclerosing Cholangitis (PSC). In Asia, the leading
identifiable cause is chronic infection with liver flukes. Other identified risk factors
include hepatolithiasis, chronic liver disease (e.g., viral hepatitis, cirrhosis), alcohol,
smoking, obesity, fatty liver disease, diabetes, inflammatory bowel disease, and
certain toxic exposures (e.g., dioxin, thorotrast). Several genetic conditions have
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Figure | Cholangiocarcinoma subtypes.

also been associated with CCA, including Lynch syn-
drome, BAP-1 tumor predisposition syndrome, cystic
fibrosis, and biliary papillomatosis. However, a specific
risk factor cannot be identified in approximately 90% of
patients with CCA.>®

CCA is more common in men than women, which may
be associated with the higher incidence of PSC in men. In
PSC patients, CCA is generally diagnosed at a younger age
(30-50 years) and is often unresectable.” Otherwise, the
incidence generally increases with age with the average
age of diagnosis between ages 60-70.'"%!" Surveillance,
Epidemiology, and End Results program (SEER) data
have shown a slight increase in the incidence of eCCA
and a dramatic increase in the incidence of iCCA (4.4%
over the last decade), which has also been noted across
North America, Europe, Asia, and Australia over the last
20 years.'*"® This may be due to changes in classification
and increases in certain risk factors. Some have suggested
this trend reflects improvements in diagnosis. However,
there has not been a corresponding increase in diagnosis
of smaller lesions or earlier stage disease; rather, mortality

rates have been increasing worldwide.>'”

Tumor Subtypes

About 90% of CCAs are extrahepatic (50% perihilar, 40%
distal) and 10% are intrahepatic. Perihilar tumors (pCCA),
also known as Klatskin tumors, occur at or near the confluence
of the right and left hepatic ducts, and are the most common
type of CCA. Distal cholangiocarcinomas (dCCA) occur
along the common bile duct and proximal to the ampulla of
Vater. Intrahepatic CCA is further classified by morphologic
subtypes, which reflect the tumor growth pattern — mass
forming, periductal, intraductal, or mixed.'*'> Histologically,
over 90% of CCAs are adenocarcinomas."'®!'” Rare histolo-
gical variants include mucinous, adenosquamous, squamous,

clear cell, sarcomatoid, and lymphoepithelial carcinomas
(Table 1).'®

Clinical Presentation, Diagnosis,

Challenges, and Prognosis

Diagnosis of CCA is clinically challenging due to its
anatomic location. In its early stages, CCA is usually
asymptomatic and generally found due to abnormal liver
function tests or incidentally on imaging as an isolated
intrahepatic mass. Once symptoms occur, they are usually
non-specific or related to biliary obstruction, at which
point nearly 70% of patients have unresectable, locally
advanced, or metastatic disease.'*>°

Patients with eCCA generally present with symptoms
of biliary obstruction, such as jaundice, pruritus, dark
urine, and clay-colored stool. Abdominal pain, hepatome-
galy, weight loss, and fever are also common signs and
symptoms. In contrast, patients with iCCA often present
late with non-specific symptoms, such as weight loss and
dull right upper quadrant abdominal pain; biliary obstruc-
tion and associated symptoms are uncommon as these
tumors do not usually involve the common bile duct.
Metastasis usually occurs in local lymph nodes, the peri-
toneum, and liver. Less commonly, CCA can metastasize
to the lungs and bone.”' Brain metastases have also been
reported with CCA, though they are very rare.”'*

Initial workup includes liver function tests, which
usually have a cholestatic pattern with elevated bilirubin,
alkaline phosphatase, and gamma-glutamyltransferase.
Carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA 19-9) levels should be obtained as a baseline;
however, these are non-specific and are not used to confirm
the diagnosis. Moreover, CA 19-9 may be falsely elevated
in the setting of jaundice.”® Used together, these tumor
markers can be helpful for monitoring treatment effect.
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Table | Features of Subtypes of Cholangiocarcinoma

Feature

Intrahepatic Cholangiocarcinoma (iCAA)

Extrahepatic Cholangiocarcinoma (eCCA)

Perihilar (pCCA) Distal (dCCA)

Percent of CCA

10-20%

50-60% 20-30%

Location

Intrahepatic bile ducts

Left, right common Common bile duct

hepatic ducts

Growth pattern

Mass forming or peri-ductal infiltrating or
intraductal growth

Peri-ductal infiltrating or intraductal growth

Risk factors

Risk factors seen more commonly in eCCA:
* Choledocholithiasis
* Chronic Pancreatitis
* Primary Sclerosis Cholangitis

Risk factors seen more commonly in iCCA:
* Cirrhosis
* Viral Hepatitis (HBV, HCV)

* Liver Flukes (Opisthorchis viverrini, Clonorchis sinensis)

¢ Alcohol consumption
* Asbestos
General Risk factors:
* Diabetes Mellitus type 2
* Obesity
* Cigarettes smoking

Presentation

Weight loss, abdominal pain, nonspecific

symptoms

Biliary obstruction, jaundice, abdominal pain,

weight loss

Detectable genetic abnormalities (* = FDA-

approved targeted therapy)

FGFR Alterations (10-20%)*
IDHI Mutations (15-20%)*

KRAS mutations (30—45%)
ERBB2 (HER2) and ERBB3 alterations (10-15%)

BRAF alterations (3-5%)

etc) (5-15%)

Homologous Recombination Deficiency — DNA Repair Genes (ATM, BRCA, PLAB2, BAPI, ARID I A,

MSI-high/dMMR (2-5%)*

Alpha-fetoprotein (AFP) testing may be helpful to distin-
guish iCCA from hepatocellular carcinoma (HCC) in
patients with chronic liver disease. Serum IgG4 testing
should be considered in patients with possible eCCA to
evaluate for IgG4-related cholangiopathy.?*

For patients presenting with these symptoms or ima-
ging findings concerning for CCA, multiphasic contrast-
enhanced computed tomography (CT) or magnetic reso-
nance imaging (MRI) of the abdomen and pelvis is indi-
cated for diagnosis, staging, and assessment of
resectability.” CT imaging of the chest is also recom-
mended to complete staging. Positron emission tomogra-
phy (PET) is not routinely used, as it has limited
sensitivity in detecting small, non-metastatic tumors as

compared to CT and MRI; however, there is some

evidence that it may be most useful for assessing lymph
node and major vessel involvement, distant metastases,
and recurrent disease in cases where CT and/or MRI are
equivocal.*®

In addition to CT and MRI imaging, magnetic reso-
nance cholangio-pancreatography (MRCP) allows for non-
invasive evaluation of the biliary tree, tumor spread, and
local invasion; however, it can be difficult at times to
differentiate between benign and malignant strictures.?’
In such cases and with more distal lesions, endoscopic
retrograde cholangiopancreatography (ERCP) can be
used for tissue sampling via brush cytology and biopsies,
and to alleviate an obstruction if therapeutic intervention is
necessary.”**® When ERCP is unsuccessful or does not
sufficiently visualize the biliary tree, percutaneous hepatic
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cholangiography (PTC) can be performed to sample more
proximal and perihilar lesions.”> Endoscopic ultrasound
(EUS) is useful in localizing strictures and allows for
more accurate fine needle aspiration (FNA), including
regional lymph node sampling; however, it is still limited
by sampling error and limited ability to visualize proximal
extrahepatic or peripheral lesions. For that reason, EUS is
frequently combined with ERCP; together, EUS-ERCP has
increased accuracy for diagnosis than either alone.?>~*
Peroral cholangioscopy (POCS), which is performed dur-
ing ERCP, can also be useful for establishing a diagnosis
in indeterminate strictures. It is a safe adjunctive diagnos-
tic technique that allows for direct visualization of the
biliary tract and has a higher diagnostic yield than biopsies
with ERCP alone.*'*?

Notably, brush cytology has a high specificity but is
limited by low sensitivity, particularly in patients with
with  PSC.
Fluorescence in situ hybridization (FISH) analysis is now

significant strictures, such as patients

routinely used as part of the diagnostic evaluation as it
significantly increases the sensitivity of cytology.** ™’
Biopsy is usually not necessary for patients with localized
disease undergoing resection. Patients with non-metastatic
disease must be evaluated for resection or liver transplant
prior to biopsy or biliary drainage, especially those with
pCCA, in whom trans-peritoneal biopsy can lead to tumor
seeding and may preclude them from transplantation.®
Diagnosis of eCCA can be particularly challenging due
to biliary strictures, difficulty identifying a lesion on cross-
sectional imaging, and potential complications with inva-
sive procedures, including cholangitis and tumor seeding
within the biliary tree.>*-° In general, the degree of biliary
obstruction can often present a difficult clinical challenge,
limiting the options for therapeutic intervention, as well as

the use of chemotherapy and radiation.

Staging

Staging of CCA is necessary for determining the extent of
local invasion and resectability, as well as nodal involve-
ment and distant disease. In recent years, significant
changes have been made to the staging criteria for CCA.
The 7th edition of the American Joint Committee on
Cancer (AJCC) Staging Manual included the first unique
staging classifications for iCCA, which was previously
staged as HCC. This edition also introduced separate sta-
ging systems for pCCA and dCCA, which were previously
grouped together as eCCA. The most recent 8th edition,
published in 2017, further expanded the tumor (T)

category in iCCA staging to include more information on
size and degree of local invasion. Several studies have
subsequently demonstrated that this edition allows for
better prognostic stratification.*** The 8th edition also
includes more detail about depth of tumor invasion for
dCCA and lymph node involvement for pCCA.*

Prior to these AJCC staging editions, two independent
staging systems were developed for pCCA. The modified
Bismuth-Corlette staging system classifies pCCA into four
patterns based on extent and location of hepatic duct
involvement alone. It does not include other clinical or
pathologic features such as vascular invasion, lymph node
involvement, or metastatic disease.** Unlike the AJCC and
modified Bismuth-Corlette systems, the Blumgart staging
system is used for preoperative staging and has been
shown to predict resectability and likelihood of metastatic
disease.*” Those tumors that are classified as unresectable
are often treated initially with systemic chemotherapy
similar to that used in the metastatic setting, with the
option for localized treatment in the setting of response.

Molecular

Cholangiocarcinomas demonstrate significant molecular
heterogeneity and up to 50% have detectable mutations,
with available or emerging therapeutic targets.” Studies
have identified differences in the mutational profiles of
iCCA and eCCA, with implications on therapeutic inter-
ventions and prognosis. For this reason, molecular testing
is recommended at the time of diagnosis of these tumors in
order to inform therapeutic approach.*® Significant varia-
bility is found with regard to mutation frequencies
described in the literature, which reflects differences in
patients’ gender, ethnicity, geography, and risk factors, as
well as different identification methods and tumor classi-
fication between studies.’

In recent years, iCCA has been identified as a complex
group of tumors that carry unique molecular abnormalities,
some of which have new therapeutic implications.
Specifically, mutations, fusions, and alterations in /DHI,
IDH2, FGFRI, FGFR2, FGFR3, Eph receptor 2 (EPHA2),
BAPI, and MET genes are found more commonly in iCCA.*¢
In perihilar and distal tumors, genetic alterations in ERBB2,
ARIDIB, ELF3, PBRM1, cAMP Dependent Protein Kinase
(PRKACA, PRKACB) are more prevalent.*’”*® Mutations in
KRAS, BRAF, PIK3CA, and CDKN2A4/B are found with
nearly equivalent frequency in both intrahepatic and extra-

hepatic subtypes.?*’
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Approximately 13% of iCCA carry an Isocitrate
Dehydrogenase (IDHI, IDH2) mutation, which is asso-
ciated with a poor prognosis. More than 65% of these
mutations are seen in women and are almost never found
in eCCA (<1%).%° Activating Fibroblast Growth Factor
Receptors -2 (FGFR2) fusions occur in about 20% of
iCCA and may be associated with a favorable prognosis.
Mutations in Chromatin Remodeling Genes BAPI and
BRAF are also more common in iCCA.*'>* On the
other end, FRBB2 overexpression is more common in
eCCA and gallbladder cancer, occurring in 15-20% of
cases. Mutations in KRAS and TP53 have also been iden-
tified more commonly in eCCA, but can also be found in
iCCA, especially those derived from large bile ducts.®**
NTRK fusions are found in <1% of patients with biliary
tract cancer, but when identified carry significant therapeu-
tic implication.

The Network
(NCCN) guidelines recommend molecular testing as well

National Comprehensive Cancer
as testing for microsatellite instability (MSI) or mismatch
repair (MMR) as part of the diagnostic workup for both
iCCA and eCCA.' Microsatellite instability (MSI - high)
or mismatch repair deficiency (AIMMR) is found in 2-3%
of biliary tract cancers.”” The finding of dMMR CCA has
therapeutic implications regarding the use of immunother-
apy. In addition, these patients, as well as those with a
family history suggestive of BRCA1/2 mutation carriers,
should be referred to a genetic counselor and considered
for germline testing. Notably, 1-7% of all biliary tract
cancers harbor a germline or somatic BRCA mutation.'*>
Tumor Mutational Burden (TMB) has also been identified
as a predictor for response to immunotherapy and thus,
should be routinely tested in these cases.>

Recently, the European Society of Medical Oncology
(ESMO) Precision Medicine Working Group issued
recommendations for the use of multi-gene next-genera-
tion sequencing (NGS) in patients with metastatic cancers,
including CCA.>* In CCA, they recommend testing for
mutations considered to be level I, which are actionable
mutations with a validated targeted therapy, stating that
larger panels are unlikely to be cost-effective. The level 1
mutations according to this group are IDHI, FGFR2, and
NTRK. As noted, the NCCN guidelines recommend mole-
cular testing in patients with unresectable or metastatic
CCA but does not specify which mutations should be
tested for or which platforms are appropriate.’’ Some
advocate for testing in early-stage CCA as well, as this
may guide future treatment considering the very high rate

of recurrent disease following resection.>® Based on the
current data, we would recommend using comprehensive
NGS molecular profiling that includes testing for /DH],
FGFR2, NTRK, TMB, MSI/MMR, KRAS, TP53, BRCA 1/
2, BRAE, CDKN2A4/B, BAPI, PIK3CA, and HER2.
Notably, there are data demonstrating a high failure rate
of tissue biopsies in patients with CCA, with over 26% of
samples inadequate for molecular proﬁling.56

Prognosis

Surgical resection remains the only potentially curative
treatment for CCA; however, 70% of patients present
with advanced stage disease and only 25% of patients
with localized disease are candidates for resection.”” The
S-year overall survival (OS) in patients following resection
is 25-35% due to high relapse rates (68-86%)."° For
patients with advanced, unresectable disease, the median
OS is 11.7 months*® and poor performance status (ECOG
> 2) is the strongest prognostic factor.”’

Treatment of Advanced

Cholangiocarcinoma

For patients with unresectable or metastatic CCA, sys-
temic therapy is offered with palliative intent. The land-
scape of therapeutic options has been rapidly evolving
over the past decade with the advent of novel targeted
therapies. While combination chemotherapy remains the
standard frontline option for such patients, an improved
understanding of the molecular characteristics of CCA has
allowed for the identification of therapeutic targets.

Systemic Therapy
CCA has been associated with a poor overall prognosis
which can be marginally improved with standard cytotoxic
chemotherapy (Table 2). Prior phase 2 trials have demon-
strated response rates of 10-34% with 5-fluorouracil (5-
FU), and 17-36% with single-agent gemcitabine.’®
Several combination regimens have been investigated
and have shown response rates of 19-24% with 5-FU/
platinum therapy, 25% with gemcitabine/capecitabine
combination, 50% with gemcitabine/oxaliplatin, and 30%
with gemcitabine/nab-paclitaxel regimens.>®>°

The landmark ABC-02 phase 2 trial published in 2010
established the combination of gemecitabine with cisplatin as
the standard frontline therapy for advanced CCA. In this study
of 410 patients with locally advanced/metastatic hepatobiliary
tumors, patients in the combination therapy arm achieved an
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Table 2 List of Completed and Ongoing Clinical Trial Evaluating Selected Targeted Agents in CCA

Futibatinib (TAS-

Phase 2 trial FOENIX-CCA2:

Target Agents Available Data from Completed Trials Ongoing

FGFR Pemigatinib* Phase 2 FIGHT 202 trial: FIGHT-302 — [NCT03656536]

(FGFR-2 ORR - 35.5% Phase 3 — front line vs gemcitabine + cisplatin
fusion/re- mOS - 21.1 mos

arrangement)

FOENIX-CCA3 — [NCT04093362]

mOS — 10.8m vs 9.7m

120) ORR - 37.7% Phase 3 — front line vs gemcitabine + cisplatin
DCR - 82%
mPFS — 7.2 mos
Infigratinib* Phase 2 trial: PROOF trial — [NCT03773302]
(BGJ398) ORR - 23.1%% Phase 3 - front line vs gemcitabine + cisplatin
mPFS — 7.3 mos
mOS — 12.2m
Derazantinib Phase 1/2: FIDES-01- [NCT03230318]
(ARQ087)'%® ORR - 20.7% Phase 2 — 2nd line therapy
DCR - 82.8%
mPFS - 5.7m
ICP-192 N/A Phase | evaluating single agent activity in advanced
CCA and other solid tumors [NCT04565275]
IDH Ivosidenib* (AG- | ClarIDHy phase 3 study vs placebo: Phase | front line in combination with gemcitabine
120) mPFS - 6.9m vs |.4m and cisplatin [NCT04088188]

Enasidenib (AG- N/A Phase | results evaluating single agent activity in
221) advanced CCA and other solid tumors with IDH2
mutations [NCT02273739]
Olaparib N/A Phase 2 evaluating single agent activity in IDHI and
IDH2 mutated CCA [NCT03212274]
Olaparib + N/A Phase 2 evaluating the combination in IDHI and
ceralasertib AZD IDH2 mutated CCA [NCT03878095]
6738 (ATR
inhibitor)
Olaparib N/A Phase 2 evaluating the combination in IDHI and
+Durvalumab IDH2 mutated CCA [NCT03991832]
LY3410738 N/A Phase | evaluating single agent in IDH mutated CCA
and other solid tumors [NCT04521686]
Olutasidenib (FT- | N/A Phase 1/2 evaluating single agent activity in advanced
2102) CCA and other solid tumors with IDHI mutations
[NCTO0368481 1]
DNA Repair | Olaparib N/A Phase 2 evaluating single agent activity in advanced
Gene CCA with aberrant DNA repair gene mutations (i.e:
mutations BRCA, PALB2, ATM, ATR, etc.) [NCT04042831]
Niraparib N/A Phase 2 evaluating single agent activity in advanced
CCA and other solid tumors with aberrant DNA
repair gene mutations in BAP| and other genes (i.e:
PALB2, ATM, ATR, etc.) [NCT03207347]
(Continued)
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Table 2 (Continued).

Target Agents Available Data from Completed Trials Ongoing
HER2 Varlitinib'®’ Randomized Phase 2 TREETOPP study N/A
[NCT03093870]
- Capecitabine * Varlitinib:
ORR 9.4% vs 4.8%
No difference in mPFS or mOS
Trastuzumab + Phase 2 study of multiple HER2 overexpressing or N/A
Pertuzumab amplified tumors. Data from small cohort of
advanced CCA patients — ORR- 37.5% for HER2
over expression. [NCT02091141]
Trastuzumab + N/A Basket study evaluating the combination in advanced
Tucatinib CCA and other solid tumors harboring HER2
alterations [NCT04579380]
Trastuzumab + N/A Phase 1/2 evaluating the combination in HER2
Tucatinib + positive advanced CCA and other Gl cancers
FOLFOX [NCT04430738]
Lapatanib''® Open label phase 2 closed early due to futility. No N/A
responses seen.
Zanidatamab N/A Phase 2 study evaluating single agent activity in HER2
(ZW25) positive advanced CCA [NCT04466891]
Trastuzumab N/A Phase 2 study evaluating single agent activity in HER2
deruxtecan positive advanced CCA and other solid tumors.
[NCT04482309]
BRAF V600E | Dabrafenib + Phase 2 (ROAR) basket trial showing 51% ORR in N/A
mutation Trametinib advanced CCA patients. [NCT02034110]
PI3K Copanlisib'"! Phase 2 study in combination with gemcitabine and N/A
cisplatin in Ist line did not meet the primary end
point of improved 6m PFS [NCT02631590]

Note: *FDA-approved targeted therapy.

Abbreviations: ORR, objective response rate; mPFS, median progression free survival; mOS, median overall survival; ATR, ataxia telangiectasia and RAD3 related (ATR)

kinase.

OS advantage of 3.6 months as compared to treatment with
single-agent gemcitabine (median OS 11.7 months in the
combination arm vs 8.1 months in the gemcitabine arm).*
With regard to response rates, 81.4% of patients in the combi-
nation arm had a complete/partial response or stable disease,
while 71.8% of patients who received single-agent gemcita-
bine achieved such outcomes.®®®' A phase 2 trial of 60
patients investigating the efficacy of the addition of nab-pacli-
taxel to gemcitabine/cisplatin demonstrated a similar disease
control rate of 84% with an improved median OS of 19.2
months.®* Based on this data, a phase 3 trial is ongoing using
this triplet combination in the frontline setting
[NCT03768414]. Similarly, a phase 3 study comparing a
combination of gemcitabine,

cisplatin, and an oral

fluoropyrimidine (S1) to the gemcitabine/cisplatin backbone
showed a small but statistically significant improvement in
median OS (13.6 months with the triplet therapy vs 12.6
months with gemcitabine/cisplatin).®> A recent report from
the AMEBICA PRODIGE 38 study did not show any benefit
with the use of 5-FU/irinotecan/oxaliplatin (FOLFIRINOX)
over gemcitabine/cisplatin in the front-line setting (median OS
11.7 months vs 14.3 months, respectively, [95% confidence
interval (CI) 11.3-16.5]).%*

After progression on frontline gemcitabine/cisplatin ther-
apy, 5-FU-based systemic regimens remain the current stan-
dard of care, though targeted therapies are evolving in this
space as discussed below. The phase 3 ABC-06 trial studying
the efficacy of second-line therapy with 5-FU/oxaliplatin
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(FOLFOX) showed that active symptom control in addition to
FOLFOX improved OS when compared to active symptom
control alone (median OS 6.2 months in the combination arm
vs 5.3 months in the active symptom control arm).®> There are
limited data for the use of 5-FU with irinotecan (FOLFIRI) in
the second-line setting. A small retrospective study including
12 patients treated with this regimen showed a median OS of 5
months.*’ Recently, Yoo et al presented the results of the
Korean NIFTY study which randomized patients to 5-FU/
Leucovorin with or without liposomal irinotecan after progres-
sion on gemcitabine/cisplatin. The study demonstrated
improvement in progression-free survival (PFS) and OS with
the addition of liposomal irinotecan (PFS 7.1 months vs 1.4
months, HR 0.56, p=0.0019; OS 8.6 months vs 5.5 months,
HR 0.68, p=0.034).%°

Role of Radiation Therapy and Liver
Directed Therapy

At present, radiation is only used for palliative purposes for
patients with unresectable or metastatic CCA for treatment of
painful metastatic sites or in attempt to achieve local control
for locally advanced tumors. Patients with liver predominant
disease who have partial response or stable disease following
6 months of chemotherapy may be considered for liver
directed
(TARE) or yttrium-90 (Y-90), although prospective data
supporting this approach are limited.®” One systematic
review of Y-90 treatment for iCCA reported a median OS
of 15.5 months with 28% of patients having partial radio-

therapy with trans-arterial radioembolization

graphic response and 54% with stable disease.*® The use of
external beam radiation or stereotactic radiation (SBRT) for
iCCA has been sparsely evaluated. A study by Hong et al
reported a 2-year OS rate of 46.5% in 37 patients with iCCA
who received high-dose hypofractionated proton therapy.®’
The ongoing ABC-07 study is a multicenter clinical trial
evaluating the addition of SBRT to 6 cycles of gemcitabine/
cisplatin versus 8 cycles of chemotherapy only for localized
unresectable CCA. The use of hepatic arterial infusion of
chemotherapy was also tested in the setting of unresectable
localized iCCA in a small phase 2 trial, showing 84% of
patients having disease control at 6 months, with a median
OS of 25 months.”

Immunotherapy

The use of immunotherapy with checkpoint inhibitors has
been tested in advanced CCA with disappointing results.
The phase 2 KEYNOTE-158 trial which studied the

efficacy and safety of pembrolizumab (an anti-PD-L1
monoclonal antibody) in refractory solid tumors included
104 patients with biliary tract primary tumors. The study
found an overall response rate of 5.8% and a median OS of
9.1 months in these patients. Response rates were slightly
higher for patients with PD-L1 combined positive score
(CPS) >1; these patients had an overall response rate of
6.6%. However, this did not translate into improved over-
all survival advantage.”'

Currently, immunotherapy is only approved for CCA
patients with AMMR tumors based on a study evaluating
the efficacy of pembrolizumab in dMMR tumors. The
study was comprised of patients with 12 different tumor
types including CCA and reported a 53% objective
response rate with 21% of patients achieving a complete
response.’® This study led to the site agnostic approval of
CCA
tumors with high TMB would be candidates for immu-

pembrolizumab for dMMR tumors. Similarly,
notherapy based on a similar agnostic approval.”?
Ongoing trials are attempting to establish the role of
immunotherapy in combination with chemotherapy in
this disease such as ABC-09 study [NCT03260712] eval-
uating the combination of pembrolizumab with gemcita-
bine/cisplatin.”® Similarly, the TOPAZ-1 study is a phase
3 trial testing the combination of gemcitabine/cisplatin
with or without durvalumab, an anti-PD-L1 monoclonal
antibody [NCT03875235].7*

Targeted Therapy
The advent of tumor genomic sequencing and the devel-
opment of targeted therapeutics directed at mutations at
the molecular level has greatly expanded the therapeutic
arsenal for biliary tract tumors.*” In fact, there are data to
suggest that as many as 38.9% of patients with biliary tract
cancers may harbor a potentially targetable mutation.”
Other studies have shown that 11-15% of patients with
biliary tract cancers have mutations in cancer risk genes,
and experts have suggested that routine germline genetic
testing may therefore be advantageous from a clinical
standpoint in the care of these patients.”®

Several trials have been completed investigating the role
of targeted therapies after progression on standard che-
motherapy. Notable trials that have led to FDA approval of
targeted agents include the ClarIDHy and FIGHT-202 trials
targeting IDHI and FGFR2, respectively.””’® The phase 3
ClarIDHy trial investigating the use of ivosidenib in patients
with IDHI-mutated CCA who had previously progressed on
up to 2 prior chemotherapeutic regimens found that patients
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derived a substantial PFS benefit of 6.9 months as opposed to
1.4 months in the placebo arm (HR 0.37, 95% CI 0.25-0.54,
p < 0.0001). Median OS was 10.8 months for ivosidenib
versus 9.7 months for placebo (HR 0.69, 95% CI 0.44—
1.10), which was not statistically significant due to cross
over of patients in the control arm.”” Additional agents are
under development in this space including IDH305
(NCT02381886), FT-2012 (Olutasidenib) (NCT03684811),
BAY-1436032 (NCT02746081), and LY3410738 (NCT04
521686).7%° These newer agents may offer treatment
options for patients who have progressed on treatment with
ivosidenib.

One of the most studied targets in CCA is FGFR, with
multiple agents under evaluation for management of
patients with FGFR?2 fusion/rearrangement (Table 2). The
phase 2 FIGHT-202 trial of the selective FGFRI-3 inhibi-
tor, pemigatinib, in patients with advanced CCA enrolled 3
cohorts of 107 patients with FGFR2 fusions or rearrange-
ments, 20 patients with other FGF/FGFR alterations, and
18 patients with no FGF/FGFR alterations who have pro-
gressed on at least one line of therapy. Patients with
FGFR?2 fusions/rearrangements demonstrated a 35.5%
objective response rate (ORR), while no responses were
seen in the other cohorts. Within this group, a PFS of 6.9
months was seen and median OS was noted to be 21.1
months.”® Pemigatinib is now approved by the FDA for
the treatment of patients with advanced iCCA with FGFR2
fusion in the second-line setting. Recently, data from the
FOENIX-CCA2 phase 2 study testing the FGFR inhibitor,
futibatinib, in patients with advanced CCA. The study
enrolled 103 patients with iCCA harboring FGFR2
fusions/rearrangements that progressed on at least one
prior line of therapy and reported an ORR of 37.7%,
disease control rate of 82%, and median PFS of 7.2
months.®' Based on these data, the FDA granted break-
through therapy designation to this agent that is now added
to the treatment arsenal. Infigratinib (BGJ398) is another
FGFR inhibitor that is currently in clinical trials.** The
results of the phase 2 trial with infigratinib with 108
patients with FGFR2 fusions/rearrangements were
recently presented, demonstrating an ORR of 23.1%, med-
ian PFS of 7.3 months, and median OS of 12.2 months.®
Based on these results, infigratinib has been recently
approved for use in the second-line setting.

Initial reports are now emerging of an acquired resis-
tance to these inhibitors, often associated with secondary
FGFR2 kinase domain mutations. Goyal et al reported
four cases of patients who responded to futibatinib

following progression on other FGFR inhibitors.®* These
reports suggest the potential benefit of sequencing these
agents and evaluation of acquired mutations using circu-
lating tumor DNA (ctDNA) at the time of disease progres-
sion. These agents are now being tested in large
randomized clinical trials in the front-line setting in com-
parison to standard chemotherapy — FIGHT-302 trial
(pemigatinib) [NCT03656536], PROOF trial (infigratinib)
[NCT03773302], FOENIX-CCA3 trial (futibatinib)
[NCT04093362]. Multiple additional agents are under
development at various stages for tumors harboring an
FGFR alteration (Table 2) offering the promise of multiple
treatment options for these patients.

Like FGFR and IDH, NTRK fusion-directed therapy is
also considered standard of care for eligible patients. Three
separate phase 1 or 2 trials investigating the use of entrecti-
nib in patients with advanced or metastatic cancer with
NTRK fusions across 19 tumor types showed a cumulative
57% response rate with 7% of patients achieving a complete
response.® Larotrectinib was evaluated in a phase 1/2 study
of patients with malignancies harboring TRK-fusion and
showed a 75-80% response rate.*® Although the rate of
these mutations is low in CCA tumors, the significant clin-
ical benefit for those patients with tumors harboring this
alteration is significant and supports the wide testing of all
patients for this molecular marker.

Several studies investigated other molecular targets and
pathways central to the pathogenesis of CCA. For exam-
ple, EGFR- and VEGF-directed therapies have shown
limited efficacy in this setting thus far, although impor-
tantly, these studies were performed in patients regardless
of mutational status.*’'°' HER2/neu genomic alterations
(overexpression or mutations) are also found in some
CCAs, more commonly in eCCA, and have shown some
response to HER2 blockade with trastuzumab plus pertu-
zumab or neratinib in early small clinical trials.'""*'* An
ongoing phase 2 study of Trastuzumab Deruxtecan
(DS8201) will evaluate the efficacy of this agent in
HER2 positive biliary tract cancers.'®*

Overexpression of the proto-oncogene MET has been
found in 34% of biliary tract cancers, and a small phase 1
trial evaluating the efficacy of a MET inhibitor in combi-
nation with gemcitabine reported that 46% of patients had
stable disease and 20% achieved a partial response.'’
Treatment with the dabrafenib (BRAF inhibitor) and tra-
metinib (MEK inhibitor) has been evaluated for patients
with BRAF V600E mutated CCA as part of the ROAR
basket showing an ORR of 51%

study in this
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population.'®> Cabozantinib, which inhibits both VEGFR2
and MET, demonstrated significant toxicity with limited
clinical benefit.'® Other tyrosine kinase inhibitors includ-
ing vandetanib, sorafenib, sunitinib, cediranib, and selu-
metinib have been studied either alone or in combination
with other agents with variable efficacy.'”

While the aforementioned therapies targeting [DHI,
FGFR2, and NTRK remain the only interventions currently
approved for use, many other targeted therapies have been
investigated or are currently under investigation for use in
this disease. Table 2 outlines the prominent completed and
ongoing trials in this area. Given the heterogeneity of this
disease, we should expect to see an evolution in its care, with
classification of tumors based on their molecular subtype,
and utilizing this to personalize therapy.

Future Directions

Cholangiocarcinomas are highly heterogeneous clinically
and molecularly and thus additional research is warranted
in order to better define the optimal treatment approach for
each subtype. Considering close to 50% of these tumors
harbor some identifiable mutation, molecular profiling is
recommended for all patients to help guide treatment deci-
sions. While research continues in this disease, we will see
additional trials evaluating combination treatments for
known targets, as well as new modalities towards novel
targets. Furthermore, as we start to use these targeted thera-
pies more widely, resistant mechanisms will emerge and
studies guiding us on how to sequence these drugs will be
of high importance. In addition, studies are also evaluating
new chemotherapy agents and combinations for this cancer
such as acelarin (NUC-1031, a first-in-class nucleotide ana-
log with greater intracellular concentration), which is being
studied with cisplatin in the phase 1 ABC-08 study and in a
phase 3 compared to gemcitabine/cisplatin
[NCT04163900]."%7 There are also ongoing trials investigat-
ing the efficacy and tolerability of nanoliposomal irinotecan

trial

(Onivyde) with 5-FU as compared to gemcitabine/cisplatin
in the front-line setting [NCT03044587] and trifluridine/
tipiracil hydrochloride for previously treated advanced
CCA [NCT04076761]. The active and vibrant research in
this disease allows for increased hope for improved outcomes
in patients diagnosed with this aggressive cancer.
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