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Abstract: Intrahepatic cholangiocarcinoma (ICC) is one of the rarest and most aggressive
types of cancer. The symptoms of ICC patients can be vague, leading to late diagnosis and
dismal prognosis. In this review, we investigated the treatment options for ICC, as well as
ways to overcome challenges in identifying and treating this disease. Imaging remains the
gold standard to diagnose ICC. Patients are staged based on the tumor, nodes and metastases
(TNM) staging system. Patients eligible for surgical resection should undergo surgery with
curative intent with the goal of microscopically disease-free margins (RO resection) along
with lymphadenectomy. Minimal invasive surgery (MIS) and liver transplantation have
recently been offered as possible ways to improve disease outcomes. ICC recurrence is
relatively common and, thus, most patients will need to be treated with systemic therapy.
Several clinical trials have recently investigated the use of neoadjuvant (NT) and adjuvant
therapies for ICC. NT may offer an opportunity to downsize larger tumors and provide
patients, initially ineligible for surgery, with an opportunity for resection. NT may also treat
occult micro-metastatic disease, as well as define tumor biology prior to surgical resection,
thereby decreasing the risk for early postoperative recurrence. Adjuvant systemic therapy
may improve outcomes of patients with ICC following surgery. Ongoing clinical trials are
investigating new targeted therapies that hold the hope of improving long-term outcomes of
patients with ICC.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is a rare, yet aggressive type of malignancy.
ICC is the second most common cancer of the liver and accounts for 5-20% of all
hepatic and 3% of all gastrointestinal malignancies.'* There are several risk factors
associated with ICC, with the most important being biliary cysts, primary sclerosing
cholangitis (PSC), hepatolithiasis, cirrhosis, viral hepatitis, parasitic infections and
exposure to carcinogens.” The vast majority of the cases, however, have no
identifiable risk factor. From the aforementioned factors, hepatitis B has been
strongly correlated to cirrhosis and development of poorly differentiated ICC.*
The number of ICC cases has been rising worldwide since the 1980s, with the
highest numbers reported from Asia followed by many European countries and the
United States of America.” Although studies have also demonstrated that ICC is
mostly prevalent among men, case numbers are becoming equally as common in
both sexes.”” Although most often diagnosed among older patients, recent data
suggest an uptrend of ICC incidence among all age groups, even among patients
younger than 45 years old.”
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Prognosis of patients with ICC has improved during the
last decade yet still remains dismal, with an overall 5-year
relative survival (OS) of only 9%.>® Approximately only one-
third of patients with ICC present with a tumor amenable to
surgical resection. Even in resectable cases, 5-year OS ranges
from only 20% to 35%.” Additionally, patients with unresect-
able ICC who receive palliative care treatment have a median
survival of only 12.9 months.'® Unfortunately, recurrence of
ICC occurs in up to 70% of patients during the first 5 years
after curative-intent resection, data that emphasize the aggres-
siveness of the disease.” In this review, we focus on the
treatment options for ICC and the challenges that need to be
overcome to improve prognosis of patients with ICC.

Preoperative Evaluation

Clinical Presentation

Cholangiocarcinoma is typically defined as intrahepatic,
perihilar and distal based on the anatomic location of the
tumor (Figure 1)."" Not surprisingly, patients with ICC are
less likely to present with biliary obstruction symptoms
(jaundice, pruritus, dark urine, clay-colored stools) versus
patients with perihilar cholangiocarcinoma and distal cho-
langiocarcinoma. Rather, ICC usually presents with abdom-
inal pain, weight loss and malaise; these symptoms are often
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Figure | Anatomic locations of intrahepatic, perihilar and distal cholangiocarcinoma.

vague enough to be ignored by the patient, leading to late

diagnosis of the disease and poor outcomes.'>*

Laboratory Studies

While ICC is primarily diagnosed through imaging and
biopsy, it is important to evaluate liver enzymes, hepatic
function, and tumor markers to facilitate diagnosis and
inform treatment decisions. Several markers, including car-
bohydrate antigen 19-9 (CA 19-9), carcinoembryonic anti-
gen (CEA) and alpha-fetoprotein (AFP) are helpful to
distinguish ICC from HCC, as well as to monitor patients
for recurrence of disease. Elevated levels of CA 19-9 have
traditionally been associated with ICC, whereas AFP has
generally been considered a marker specific to HCC."
Several studies have investigated whether these markers
could be used preoperatively to identify patients at high
risk for these cancers.'® For example, a study by Levy et al
reported on the role of CA 19-9 among patients with PSC
and cholangiocarcinoma. The authors proposed a cut-off
value of 129U/mL with a sensitivity of 78.6%, specificity
of 98.5%, positive predictive value of 78.6%, negative pre-
dictive value of 98.4%, and accuracy of 97.1%.'7 In
a different study, by Moro et al, the authors reported that
preoperative CA 19-9 and CEA could be used synergistically
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as prognostic factors to predict OS with a cutoff of 176.3 TU/
mL for CA19-9 and 9.6 ng/mL for CEA."® Specifically,
patients with either a high CA19-9 and/or a high CEA had
poor l-year survival (70.4% and 72.5%, respectively).
Despite these findings, CA 19-9 should not be used as the
sole means of diagnosis, but only as an adjuvant confirma-
tory test as well as a marker of recurrence postoperatively.

Imaging

When a patient presents with signs and symptoms suspi-
cious for hepatobiliary malignancy, imaging and, more
specifically, ultrasound (US) is often the first method of
assessment. US can potentially identify a source of
abdominal pain or biliary obstruction."” Contrast-
enhanced ultrasound (CEUS) can be used to differentiate
HCC from ICC with 64.1% sensitivity, 97.4% specificity
and 73.6% accuracy. Features on CEUS suspicious for
ICC include (1) arterial hyperenhancement with portal or
late phase contrast washout, (2) no peripheral rim-like
enhancement of the lesion, and (3) washout later than 43
seconds.?” While US may be helpful, a computed tomo-
graphy (CT) scan and/or magnetic resonance imaging
(MRI) should be routinely employed. On a contrast-
enhanced CT scan, ICC may appear with various enhance-
ment patterns, including a peripheral rim-like contrast
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enhancement pattern during the arterial or portal phase,
with a more attenuated center during the delayed phase 3—
10 minutes after the contrast infusion.”'** The contrast-
enhancement phase can potentially provide important
information regarding the cell origin of the tumor and
ultimately differentiate HCC from ICC."” HCC predomi-
nately originates from hepatocytes which receive their
blood supply from the hepatic arteries and, as a result, it
shows an arterial phase enhancement pattern on CT. ICC,
on the other hand, a lesion of the hepatic parenchyma with
desmoplastic features, receives its blood supply from the
portal vein and this can explain the portal or, most fre-
quently, the delayed phase enhancement pattern
(Figure 2)."” It is worth noting that, while the hepatic
arterial phase (HAP) is not the most common phase for
an ICC to be identified on CT, the different HAP enhance-
ment patterns have been correlated with the level of tumor
spread and survival. There are three known patterns: hypo-
vascular, rimlike and hypervascular. Hypovascular ICCs
generally have the highest frequency of lymphatic, peri-
neural and biliary invasion, as well as the worst survival at
1 and 3 years (30.7% and 0%, respectively).”
Additionally, hypervascular tumors typically are asso-
ciated with lower incidence of invasion and better survival

at 1 and 3 years (88.9% and 66.7%, respectively).”
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Figure 2 CT findings in ICC (upper row, white arrow) showing heterogenous contrast enhancement vs HCC (lower panel, white arrow) showing homogenous contrast
enhancement followed by washout in the portal venous and delayed phases.

Notes: Reprinted from Blechacz B. Cholangiocarcinoma: Current knowledge and new developments. Gut and Liver. 2017;11(1):13-26. © 2017 by The Korean Society of
Gastroenterology, the Korean Society of Gastrointestinal Endoscopy, the Korean Society of Neurogastroenterology and Motility, the Korean College of Helicobacter and Upper
Gastrointestinal Research, the Korean Association of the Study of Intestinal Diseases, the Korean Association for the Study of the Liver, the Korean Pancreatobiliary Association,
and the Korean Society of Gastrointestinal Cancer. Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0).'"
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During the initial evaluation of a patient suspicious for
ICC, a contrast-enhanced MRI should be conducted. The
enhancement characteristics of ICC are similar to those
seen on CT; however, MRI is more able to detect the
locoregional spread of the disease versus CT and, as
such, MRI tends to be the preferred imaging modality at
most centers.'” T1- and T2-weighted images, diffusion
weighted images (DWI) and a magnetic resonance cholan-
giopancreatography (MRCP) should be reviewed. DWI,
specifically, can increase the sensitivity needed to identify
and differentiate ICC from other liver lesions. In particu-
lar, DWI often will demonstrate a pattern of rim enhance-
ment during HAP, also known as a target sign, which is
key in distinguishing ICC from HCC."'***2* An 18F-
Fluoro-2-deoxy-D-glucose (FDG)
emission tomography (PET) scan may help identify metas-

integrated positron

tases with more sensitivity and specificity than CT and
MRI. As such, PET should be considered as an imaging
modality in the preoperative staging of ICC.*> Of note,
PET has a 95% sensitivity to detect resectable disease and
an 89% sensitivity and 100% specificity to detect recurrent

a precursor of periductal infiltrating ICC, is not well
detected by imaging due to the microscopic alterations

occurring in the biliary epithelium.®

Staging

A tumor, nodes and metastases (TNM) staging system for
ICC was first introduced in 2010 in the American Joint
Committee on Cancer (AJCC) staging manual in the 7th
edition of their cancer staging manual. The data used to
define this initial staging system were based on data from
the Surveillance, Epidemiology, and End Results (SEER)
registry.””-*® The 8th edition incorporated several revisions
including tumor size (<5 cm or >5 cm), reclassification of
T categories and revision of lymph node metastasis stage
from IVA to IIIB (Table 1).*3' Several studies have
confirmed the ability of the revised 8th edition to stratify
patients relative to prognosis, yet the data have also indi-
cated potential weaknesses.’> >’ For instance, patients
with tumors that perforated the visceral peritoneum, T3
tumors according to the 8th edition, survived longer than
patients with T2 tumors.*>>*3¢ The extent of lymph node

disease. Of note, biliary intraepithelial neoplasia, (LN) involvement has also been identified as an important
Table | AJCC Staging 7th and 8th Editions

7th AJCC Staging System for ICC 8th AJCC Staging System for ICC

Tl Solitary tumor without vascular invasion Tl Solitary tumor without vascular invasion, 5 c¢cm, or >5 cm

T2a Solitary tumor with vascular invasion Tla Solitary tumor 5 cm without vascular invasion

T2b Multiple tumors, with or without vascular invasion Tlb Solitary tumor >5 ¢cm without vascular invasion

T3 Tumor perforating the visceral peritoneum or involving T2 | Solitary tumor with intrahepatic vascular invasion or multiple tumors,

structures by direct invasion with or without vascular invasion

T4 Tumor with periductal invasion T3 Tumor perforating the visceral peritoneum

NO No regional lymph node metastasis T4 Tumor involving local extrahepatic structures by direct invasion

NI Regional lymph node metastasis present NO No regional lymph node metastasis

MO No distant metastasis NI Regional lymph node metastasis present

Ml Distant metastasis MO No distant metastasis

Ml Distant metastasis

I TINOMO IA T1aNOMO

I T2NOMO 1B TIbNOMO

1] T3NOMO I T2NOMO

IVA T4NOMO, TAnyN MO 1A T3NOMO

IVB TAnyNAnyMI i T4NOMO, TAnyN MO

v TAnyNAnyMI
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prognostic factor among patients with ICC; in turn, the
number of metastatic nodes should be taken into consid-
eration relative to prognosis and stratification for surveil-
lance purposes.*® Beyond the TNM AJCC staging, several
nomograms have been developed to better predict the out-
comes — some of which have demonstrated better accuracy
than the AJCC Cancer Staging manual.***?

The role of laparoscopy in staging has been controver-
sial and debated. While some have advocated for staging
laparoscopy due to a reported 27% to 38% incidence of
detecting occult disease, others have cited the additional
costs, extra time, and low yields associated with the
procedure.** ¢ Perhaps the best approach is the selective
use of staging laparoscopy for patients with high-risk
features such as high levels of CA 19-9 or equivocal

imaging abnormalities.

Surgical Resection

Assessment of Patient Status

Before proceeding with a liver resection for ICC, a patient
should be evaluated for their physiologic and anatomic
status. In terms of the physiologic status of a surgical
patient, several parameters have to be taken into consid-
eration, including comorbidities and overall performance
status. If comorbidities prohibit resection, alternative treat-
ments should be offered, including systemic and/or locor-
egional therapies, as tolerated by the patient.'® The
surgeon should evaluate both the function and size of the
future liver remnant (FLR) to ensure adequate volume
following a resection. The FLR should include at least
two continuous segments with adequate perfusion, venous
outflow, and biliary outflow.** If FLR is inadequate, the
risk of postoperative hepatic insufficiency (PHI) and other
complications is  considerably  higher following
resection.”’*’ In general, FLR >20% is sufficient among
patients with normal underlying liver parenchyma, while
>30% is needed for patients with liver steatosis and >40%
for patients with liver cirrhosis.>*° In addition to the FLR
volume measurement, functional analysis of the liver with
the indocyanine green clearance test or 99mTc-Mebrofenin
Hepatobiliary Scintigraphy may be helpful as a tool to
assess preoperative liver function.”’”® For cases in
which the FLR is not clearly adequate or even inadequate,
portal vein embolization (PVE) can be used to induce
hypertrophy of the contralateral lobe to facilitate a safer

resection and postoperative course.”” ®!

Resection Margins
The ultimate goal of hepatic resection is to achieve microsco-
pically disease-free margins (R0). This is not always feasible
given the aggressiveness of the disease that leads to large
invasive tumors at the time of diagnosis. Several groups have
studied the correlation between the status of the resected sur-
gical margins and patient outcomes.®* *° The ability to achieve
an RO resection has been reported to vary from 76% to 92%,
with the RO rate generally around 80% at most experienced
centers. Ribero et al reported that patients who had an RO
resection had better long-term outcomes versus patients who
underwent an R1 resection; however, the width of the RO
margin was associated with survival.®® In another study, from
Farges et al, patients with LN metastasis had similar outcomes
after either an RO or R1 resection.*” These data suggested that
once disease had spread to the regional lymph nodes, regional
metastatic disease was a more important factor driving out-
comes than local factors such as margin status. Of note,
patients with no LN involvement generally have been noted
to have better outcomes after an RO resection, while prognosis
among patients with LN metastatic disease are less impacted
by the margin status relative to survival. To this point, among
patients who had no LN involvement, margin width did affect
long-term survival as patients with a negative margin width of
>10 mm had a better prognosis.®* Data from Tamandl et al and
Shimada et al also demonstrated that margin width affected
survival, but only in the presence/absence of certain prognostic
factors.**%> Spolverato et al reported a strong correlation
between negative margin width and recurrence-free survival
(RFS) as well as overall survival (OS), especially among
patients with no nodal metastasis.*®

To achieve an RO resection, it may be necessary on
occasion to perform a vascular resection in conjunction
with the hepatectomy. When necessary to achieve an RO
margin, vascular resection should be employed. As Ali
et al demonstrated, patients who had an RO resection
with vascular resection had comparable long-term out-
comes to patients who had an RO resection without the
need for vascular resection. While these authors suggested
that there was no difference between the two groups in
terms of complications, these types of complex operation
should only be performed at high-volume specialized
centers.’” To this point, a multi-institutional study of
1087 patients that included 128 patients who underwent
vascular resection at high-volume centers noted no differ-
ence in complications or long-term survival compared

with patients who underwent hepatectomy alone.®®
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Lymphadenectomy

While the National Comprehensive Cancer Network
(NCCN) guidelines recommend routine lymphadenectomy
as part of the surgical treatment of ICC, overall utilization of
lymphadenectomy remains low.”>”® Zhang et al reported
minimal increase in the number of patients who underwent
lymphadenectomy (LND) from 2000 to 2013, noting that
only roughly half of individuals had this procedure as part of
their ICC surgery.”' The authors also noted a correlation
with T-classification and risk of nodal disease, with the
incidence of lymph node metastasis increasing with higher
T-class disease. While the relation of T-classification and
risk of lymph node metastasis was strong, it was not “linear”
and even patients with early T-disease had a significant (10—
20%) incidence of nodal metastasis. Interestingly, while the
overall utilization of lymphadenectomy among ICC patients
has remained relatively stable over the last decade, there has
been an increase in the number of nodes evaluated when
a lymphadenectomy is performed.”*”*> The proportion of
patients with 6 or more lymph nodes evaluated still remains
very low, resulting in only a subset of patients receiving
guideline complaint lymph node evaluation (18.8%).”? The
importance of examining at least 6 LNs was demonstrated in

Right Lobe

Group 1

Group 2

Group 3

0]

Figure 3 Grouping of regional lymph nodes according to the Classification of Primary Liver Cancer by the Liver Cancer Study Group of Japan.

a study by Zhang et al that noted markedly less stage
migration among patients who had at least this number of
nodes examined.”® In addition, the incidence of LNM was
higher among patients who had a lymphadenectomy that
involved nodal stations beyond only the hepatoduodenal
ligament (Figure 3).

Minimal Invasive Resection

Minimal invasive surgery (MIS) has been increasingly uti-
lized and may be associated with shorter length of stay and
fewer complications versus an open approach.”* Specifically,
MIS in the treatment of patients with ICC has been asso-
ciated with fewer complications and a shorter LOS, yet no
differences in long-term patient survival.”>”’® While several
studies have suggested a longer operative time for MIS
versus open cases, a recent study by Lee et al noted shorter
operative times, with lower utilization of the Pringle man-
euver and less intraoperative blood loss with laparoscopic
versus open resection of ICC.”” In addition, a meta-analysis
study noted that patients undergoing an MIS approach were
less likely to have a major resection and have the nodal basin
evaluated; however, the incidence of RO resection was com-
parable among the MIS versus open approach but fewer

Left Lobe

Group 1

Group 2

Group 3

1% (1) Lymph nodes in the

right cardial region; (3) lymph nodes along the lesser curvature of the stomach; (7) lymph nodes along the left gastric artery; (8) lymph nodes along the common hepatic
artery; (9) lymph nodes along the coeliac artery; (12) lymph nodes in the hepatoduodenal ligament; (13) lymph nodes on the posterior surface of the pancreas head; (14)
lymph nodes at the root of mesentery; (16) lymph nodes around the abdominal aorta. Group 3 lymph nodes are distant nodes beyond group 2 nodes. Reproduced with
permission from Shimada M, Yamashita Y, Aishima S, Shirabe K, Takenaka K, Sugimachi K. Value of lymph node dissection during resection of intrahepatic cholangiocarci-
noma. Br | Surg. 2001;88(1 1):1463—1466. Copyright © 2002, Oxford University Press.'®®

Abbreviation: SMA, superior mesenteric artery.
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major hepatectomies and LNDs were performed with the
MIS approach.”®”® In addition, the MIS approach is more
often used for smaller tumors (mean 5 cm vs 6.4 cm in open
cases) and the overall proportion of patients with at least 6
nodes examined as part of a lymphadenectomy was lower
with the MIS approach. Collectively, results with MIS resec-
tion for ICC are associated with varied perioperative and
oncologic outcomes with marked center variations. As such,
MIS surgery for ICC should be centralized to surgeons and
centers with high-volume experience.

Transplantation

Orthotopic liver transplantation is not standard of care
treatment for ICC due to the poor outcomes and early
recurrence of the disease.®® A 2008 study of 280 patients
who underwent OLT for ICC noted a 1-year survival of
74% and 5-year survival of 38%, which were significantly
worse than outcomes of patients who underwent OLT for
HCC.®' In a different study, Hong et al reported on 37
patients with ICC who were treated with either OLT or
hepatectomy and noted that the OLT patients had better
RFS at 3 and 5 years post-operatively compared with
patients who had surgical resection (39% vs 6% and
33% vs 0%, respectively).®? Of note, the combination of
neoadjuvant and adjuvant therapy was associated with
improved 5-year OS versus patients who received no sys-
temic therapy and only OLT. Sapisochin et al reported on
27 patients who had an OLT for ICC who were matched to
patients who underwent transplantation for HCC.*?
Patients in the ICC group had worse RFS and OS at 1, 3
and 5 years post-OLT compared to individuals who had
OLT for HCC.** Interestingly, patients with ICC that was
well or moderately differentiated and size <3 cm had
a much better outcome following transplantation versus
individuals who had tumors that were poorly differentiated
and the same size. A different study of 13 patients with
ICC who had OLT similarly noted that individuals with
well-differentiated tumors had better RFS and OS than
patients with moderately differentiated ICC.*> Overall,
the use of OLT for ICC should only be performed in select
circumstances at centers with protocols and registries to
investigate the outcomes of OLT for ICC.

Predictors of Outcomes

Accurate prognostication of patients following surgical
intervention is important. To this point, tumor burden,
defined as the sum of the number of lesions and the natural
logarithm of the tumor size [log.(tumor size) + number of

lesions], has been proposed as an important predictor of
outcomes for both primary and secondary hepatic malig-
nancies. Our group has reported on the role of tumor burden
as a predictor of outcomes among patients with ICC follow-
ing surgical resection.®® Patients who had high tumor bur-
den had the worse prognosis and also seemingly benefited
the most from adjuvant chemotherapy. In a separate study,
our group proposed a different prognostic score, LabScore,
which is based only on preoperative laboratory markers,
including platelets, CA 19-9 levels, albumin, and neutro-
phil-to-lymphocyte ratio (NLR).*” Stratifying patients using
the LabScore (0-9, 10-19 and >20) meant we were able to
differentiate risk of 5-year OS, disease-free survival (DFS)
and early recurrence. Of note, patients with a higher
LabScore generally had worse tumor characteristics and
more advanced TNM disease stage. ICC has also been
divided into different clusters/subtypes: common, prolifera-
tive and inflammatory according to tumor size, CA 19-9
and NLR.® While patients with inflammatory ICC gener-
ally had the lowest CA 19-9 levels and smaller tumor size,
these patients had high NLR and the worst OS, of only 13.3
months following curative-intent resection.

Recurrent Disease: Incidence and

Treatment
Recurrence rates among patients with ICC remain high
even after curative-intent treatment. In fact, more than half
of the patients will present with recurrent disease within 5
years following curative intent resection.® In a study of 933
patients, 73% of patients experienced recurrence, with 60%
of individuals developing intrahepatic  disease.”
Histopathologic features of ICC, such as large tumor size,
multiple or satellite lesions, microvascular invasion and
surgical margins width can predispose to early recurrence.
Of note, patients with early recurrence often exhibited
extrahepatic disease as the site of recurrence, while patients
with late recurrence were more likely to have intrahepatic
disease. Of note, patients with tumor >5 cm, vascular inva-
sion and LN involvement are at particular risk of poor
outcomes, with a reported RFS of only 9 months.”
Among patients with recurrent ICC, resection can be
entertained if technically feasible and the tumor has
demonstrated good biology. In the setting of recurrent
disease, systemic or locoregional therapy should be con-
sidered either prior to surgery or as an alternative. Among
patients who have recurrent disease, a curative-intent ther-
intervention is

apeutic generally only feasible for
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individuals with intrahepatic recurrence, while patients
with should typically
chemotherapy.”' Of note, when patients can undergo hepa-

extrahepatic spread receive
tic resection of the recurrent lesion, the reported OS is
about 26 months, while individuals who receive palliative
care have a median OS of only 8 months. Differences in
OS likely reflect the aggressiveness of the disease, as well

as some selection bias.

Non-Surgical Treatment
Neoadjuvant Therapy

There are several potential benefits associated with the use
of preoperative chemotherapy, including downsizing the
disease, selection of appropriate candidates for surgery,
and potential prevention of early recurrence of ICC due
to micro-metastatic disease present at the time of
surgery.”” Two studies have reported conversion of locally
advanced unresectable ICC into resectable disease; of
note, OS among patients who underwent surgical resection
after preoperative chemotherapy was similar to that of
patients with resectable tumors who underwent initial
resection.”>** Currently, there is a phase II clinical trial
examining the efficacy of gemcitabine cisplatin and Nab-
paclitaxel as neoadjuvant therapy for ICC.” Intra-arterial
therapy (IAT) is another available option for unresectable
ICC. In a study of 198 patients, IAT achieved partial or
complete response in a subset of patients and resulted in
stable disease for many others according to the mRECIST
criteria.’® Selective internal radiation therapy (SIRT) has
also been examined as a potential method to treat ICC. In
one study, the authors noted no difference in OS among
patients who underwent surgery for resectable tumors ver-
sus individuals with downsized disease either from che-
motherapy or SIRT.”” The combination of systemic
chemotherapy with hepatic artery infusion of chemother-
apeutic agents has also been shown to induce tumor
response in some patients with unresectable ICC.”*

Adjuvant Therapy

A combination of surgical resection with systemic therapy is
generally the treatment approach of choice for patients with
ICC.”* The PRODIGE 12-ACCORD 18 was a phase III
randomized clinical trial that included 196 patients with
biliary tract malignancies (BTM) from multiple centers in
France who had undergone an RO or R1 resection.”® The
patients were randomly assigned to receive either gemcita-
and chemotherapy (GEMOX) or

bine oxaliplatin

surveillance only. Unfortunately, the trial failed to show
any benefit in the treatment group for both RFS and OS.
The BILCAP study was a stage III randomized multicenter
trial from the UK that included 447 patients with BTM
resections.'® Among these patients, a total of 84 individuals
had ICC and were randomized to treatment with capecita-
bine or no adjuvant therapy. Although the DFS and RFS
benefit in the treatment versus observation group only did
not reach statistical significance, the extended survival
offered to the treated patients may be relevant. Hence, recent
guidelines have recommended capecitabine as adjuvant ther-
apy for ICC. Two more clinical trials are ongoing. The
ACTICCA-1 study is an international randomized phase
II trial examining the combination of gemcitabine and
cisplatin over observation alone in patients after resection
with curative intent for BTM.'" The JCOG1202 study is
a multicenter phase III randomized trial focusing on the
effectiveness of S-1 over observation after surgical resection
of BTM.'* While chemotherapy has not been very success-
ful in treating ICC, targeted therapies are evolving as targets
such as the endothelial growth factor receptor (EGFR) and
signaling pathways involved in oncogenesis including
KRAS and BRAF are identified.'*>'*

Future Directions

ICC is an aggressive type of cancer and systemic therapy
has not been traditionally effective in treating this disease.
As such, there is a need for more effective, targeted
therapies. Several gene mutations have been identified as
targets for therapeutic intervention, such as fibroblast
growth factor receptor 2 (FGFR2) and isocitrate dehydro-
genase 1 and 2 (IDHI1, IDH2). FGFR2 mutations, which
are detected in 10—15% of ICC patients, are almost exclu-
sively found in ICC and tend to appear in young
patients.'® IDH1 and IDH2 mutations found in 25% of
patients with ICC are also mostly detected in the intrahe-
patic form of cholangiocarcinoma.'®® A number of clinical
trials have been conducted and even more are still ongoing
in an effort to investigate the efficacy of targeted therapy
to improve outcomes of patients with ICC.

Conclusion

ICC is a rare, potentially lethal malignancy that usually
presents with vague symptoms at an advanced stage. State-
of-the-art imaging in combination with laboratory work-up
should be performed to stage patients and plan therapeutic
options. Systemic therapy is the treatment of choice for
patients with advanced and unresectable disease, while
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locoregional options (ie SBIRT, TARE, HAI) can be con-
sidered. For patients with localized ICC that is resectable,

hepatic resection with negative surgical margins and

a lymphadenectomy with evaluation of >6 nodes should be

the standard of care. Adjuvant chemotherapy with capecita-

bine is highly recommended following surgical resection of

ICC given the high incidence of post-operative recurrence
and data reported by the BILPCAP trial. More studies are
needed to establish the role of alternative treatment options,

including transplantation, as well as targeted therapy in the
treatment of patients with ICC.
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