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Abstract: Intrahepatic cholangiocarcinoma (ICC) is the second most prevalent primary liver neoplasm
after hepatocellular carcinoma (HHCC), corresponding to 10% to 15% of cases. Pathologies that cause
chronic biliary inflammation and bile stasis are known predisposing factors for development of ICC. The
incidence and cancer-related mortality of ICC is increasing worldwide. Most patients remain asymptomatic
until advance stage, commonly presenting with a liver mass incidentally diagnosed. The only potentially
curative treatment available for ICC is surgical resection. The prognosis is dismal for unresectable cases. The
principle of the surgical approach is a margin negative hepatic resection with preservation of adequate liver
remnant. Regional lymphadenectomy is recommended at time of hepatectomy due to the massive impact on
outcomes caused by lymph node (LN) metastasis. Multicentric disease, tumor size, margin status and tumor
differentiation are also important prognostic factors. Staging laparoscopy is warranted in high-risk patients to
avoid unnecessary laparotomy. Exceedingly complex surgical procedures, such as major vascular, extrahepatic
bile ducts and visceral resections, ex vivo hepatectomy and autotransplantation, should be implemented
in properly selected patients to achieve negative margins. Neoadjuvant therapy may be used in initially
unresectable lesions in order to downstage and allow resection. Despite optimal surgical management,
recurrence is frustratingly high. Adjuvant chemotherapy with radiation associated with locoregional
treatments should be considered in cases with unfavorable prognostic factors. Selected patients may undergo
re-resection of tumor recurrence. Despite the historically poor outcomes of liver transplantation for ICC,
highly selected patients with unresectable disease, especially those with adequate response to neoadjuvant
therapy, may be offered transplant. In this article, we reviewed the current literature in order to highlight the

most recent advances and recommendations for the surgical treatment of this aggressive malignancy.
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Introduction

Cholangiocarcinoma is a heterogeneous group of malignant
neoplasms that arise from the epithelial cells of the
extrahepatic and intrahepatic bile ducts, excluding the
gallbladder and ampulla of Vater. It is classically divided
according to its anatomical location in intrahepatic (ICC)—
arising from cells located proximal to the second-degree
bile ducts—and extrahepatic cholangiocarcinoma (ECC),
which can be further subdivided in perihilar (pCCA) and
distal cholangiocarcinoma (dCCA) (1). This classification is
important because ICC, pCCA and dCCA have divergent
clinical presentation, epidemiological features and biological
behavior. In fact, pCCA accounts for 60-70% of cases,
dCCA for 20-30% and ICC for 5-10% (2).

Epidemiology

Among primary hepatic malignancies, ICC is the second
most prevalent neoplasm after hepatocellular carcinoma
(HCC), corresponding to 10% to 15% of cases (3).
Nevertheless, it is still a rare tumor, representing 3% of
gastrointestinal malignancies (4). On the other hand, its
age-adjusted incidence has increased worldwide, from
0.32 per 100,000 to 0.85 per 100,000 between 1975 and
2000, which represents a rise of 165% (4). It is believed that
this growing incidence is a result of a true increase in the
disease, not being solely attributable to improvements in
diagnostic methods (5).

Pathologies that cause chronic biliary inflammation and
bile stasis are known predisposing factors for development of
ICC, most commonly primary sclerosing cholangitis (PSC),
intrahepatic lithiasis, congenital abnormalities of the biliary
tract, parasite infections (Clonorchis sinensis and Opisthorchis
viverrini) and toxic exposure (thorium dioxide) (6).
Interestingly, chronic liver disease and especially hepatitis
B and C virus have been recently recognized as risks factors
for ICC (6,7). Metabolic abnormalities such as type 1I
diabetes, obesity, thyrotoxicosis and chronic pancreatitis
have also been linked to ICC (7). Nevertheless, most
patients will present with ICC with no identifiable risk
factor (5). Similar to other biliary tract malignancies, ICC
incidence peaks between 55 and 75 years and is slightly
more frequent in men (4,7).

Clinical and diagnostic features

Most patients remain asymptomatic until advance stage (8).
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Unlike ECC, which typically presents with jaundice and
biliary obstruction, the common presentation of ICC is an
incidental liver mass found on imaging studies performed
for other reasons or during evaluation of abnormal liver
enzymes tests (5). Patients may also complain of vague right
upper abdominal pain and weight loss. Tumor markers, such
as carbohydrate antigen (CA) 19-9 and carcinoembryonic
antigen (CEA), may be elevated in some patients, but this

happens only in about 50% of cases for CA-19 and 15-20%

for CEA (6,9). On the other hand, CA 19-9 levels higher

than 100 U/mL were associated with higher recurrence risk

after surgery (10).

According to the Liver Cancer Study Group of Japan
(LCSGYJ), the macroscopic appearance of ICC is divided in
3 categories (11,12):

% Mass-forming subtype: nodular and exophytic masses
within the liver that represent 60% to 80% of ICC
cases;

% Periductal infiltrating subtype: corresponding to
15-35% of ICC, it shows diffuse and longitudinal
infiltration along the biliary tree and portal tracts,
resulting in biliary stricture with dilation of
peripheral bile ducts;

% Intraductal growth subtype: it shows intraluminal
tumor growth, forming papillary, polypoid or
glandular patterns with superficial spread along the
bile duct (8% to 29% of ICC).

It is often possible to distinguish these morphologic
subtypes of ICC in routinely performed preoperative imaging
studies, such as ultrasound, computed tomography (CT)
scan and magnetic resonance imaging (MRI). Multidetector
CT scan and MRI are comparable in diagnostic accuracy for
radiological staging and resectability valuation. However,
MRI associated with MR cholangiopancreatography offers
superior anatomical visualization of bile ducts and related
vascular structures (13). The use of fluorodeoxyglucose
positron-emission tomography scan (FDG-PET) can also be
useful for detecting regional lymph node (LN) and distant
metastasis, as 80-90% of ICC will be avid. This rate seems
to be higher in mass-forming subtype (85%) and lower in
intraductal growth subtype (18%) (14). Some small series
have shown that the use of FGD-PET may reveal occult
distant metastases and change therapeutic management in
20% to 30% of patients (15,16). On the other side, when
CT scan or MRI show no suspicious disease outside the
liver, the use of FDG-PET is questionable (13). The role of
FGD-PET in ICC diagnostic work-up is still unclear and it
should be utilized selectively (17).
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Endoscopic retrograde cholangiopancreatography and
percutaneous transhepatic cholangiography are mainly
used for therapeutic intervention, but can also collect tissue
samples for pathocytological analysis. Nevertheless, the
diagnostic accuracy remains low, even when associated with
advanced cytologic techniques, such as digitized image
analysis (DIA) or fluorescence in-situ hybridization (FISH)
analysis (18,19).

According to the expert consensus statement in ICC (17),
liver mass biopsy is not necessary if an ICC is suspected and
a curative hepatic resection is planned. Biopsy is required
before locoregional or systemic therapies are initiated in
the context of unresectable disease though. If obtained,
immunostaining is required to differentiate ICC from
metastatic lesions and mixed hepatocellular neoplasms. If
adenocarcinoma is shown in a liver mass biopsy, an occult
extrahepatic primary tumor should be ruled out, unless
the immunohistochemical staining panel and imaging are
clearly indicative of ICC.

Staging

Until the 6th edition of American Joint Committee on
Cancer (AJCC) staging system, TMN staging for ICC
was associated with HCC as primary liver malignancies.
In the 7th edition, a separated staging system for ICC
was proposed that took into account to define the T stage
the number of lesions, vascular invasion, intrahepatic
metastasis and adjacent tissue invasion, but not tumor size
(20). The recent 8th edition included it by considering
different prognostic values for tumors <5 (T'1a) and >5
cm (T1b) (21). This modification is justified by the better
prognosis of T1aNOMO tumors (stage IA) compared to
T1bNOMO tumors (stage IB), with 5-year overall survival
(OS) of 57.8% and 44.5%, respectively. Multicentric
tumors or single tumors with vascular invasion (12) impose
S5-year OS of 30.5% (T2NOMO, stage II), whereas tumors
perforating the visceral peritoneum (T3) show 5-year OS
of 24.4% (T3NOMO, stage IIIA). The 8th edition also
recommended removal of a minimum of 6 regional LN for
adequate N stage classification and reclassified patients with
regional LNs involvement from stage IVA (7th edition)
to stage IIIB (8th edition). The stage IIIB thus currently
encompasses tumors directing invading local extrahepatic
structures (T4NOMO) and tumors with regional LNs
involvement (AnyT/N1/MO0), with 5-year OS of 12.4%.
This modification was made because, in the absence of
distant metastasis, some patients with LNs involvement
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may benefit from curative intent resection. Patients with
distant metastasis (Any T/Any N/M1, stage IV) have dismal
prognosis (5-year OS 8.4%). Only hilar, periduodenal and
peripancreatic nodes are considered regional LNs.

Therapeutic options
Surgical resection

The only potentially curative treatment available for ICC
is surgical resection. The prognosis is dismal without
surgery, with almost null 3-years survival. Nonetheless,
the outcomes of patients undergoing surgery are still
unsatisfactory, with S-year survival rate of 20-35% in some
series (22-24). Compared to other liver malignancies, ICC
is related to shorter survival and lower resectability rates.
In this unfavorable scenario, it is paramount to establish
strategies to optimize surgical results. The performance
of staging laparoscopy, and lymphadenectomy, the role of
neoadjuvant, adjuvant and locoregional treatments as well as
better predictors of recurrence and survival are all debatable
issues in ICC surgical treatment.

Preoperative evaluation

The main goal of surgical resection for ICC is to perform
RO margin negative resection with preservation of an
adequate future liver remnant (FLR), which means two or
more contiguous liver segments with adequate arterial and
portal inflow, biliary drainage and venous outflow (17). The
presence of extrahepatic disease, including involvement of
LNs beyond the regional basin (for instance, celiac and the
para-aortic nodes), is considered contraindication to hepatic
resection (8,17). While negatively affecting outcomes,
tumor size, multicentric tumors, and vascular invasion
should not be considered absolute contra-indications if
negative margins can be achieved. Even patients with
advanced complex tumors requiring extensive hepatic
resections and major vascular and biliary reconstruction
should be considered for curative-intent surgery.

A FLR size of at least 20% is generally recommended
for patients with no underlying liver disease. Due to the
risk of post-operative hepatic insufficiency, for patients with
underlying hepatic steatosis, the FLR size should be at least
30% and for those with liver cirrhosis, at least 40%, when
hepatic function is still preserved (Child A patients) (25).

The performance of preoperative hepatic volumetric
analysis associated with functional evaluations, such
as indocyanine green clearance or 99mTc-mebrofein
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hepatobiliary scintigraphy, is therefore recommended
before major hepatectomy for ICC (8). For patients with
marginal or inadequate predicted FLR volume and function,
portal vein embolization (PVE) is usually employed to
cause hypertrophy of the contralateral lobe and achieve
greater FLR volume (26). If properly selected and managed,
patients with Child A cirrhosis or chronic liver disease as
hemochromatosis may achieve similar long-term oncologic
outcomes compared to patients with no underlying liver
disease (27).

The FLR volume increase caused by PVE ranges
between 30% and 50% after 4-8 weeks, however it also
may increase the risk of drop-out by up to 30% (28,29).
Associating liver partition and portal vein ligation (ALPPS)
induces faster hypertrophy than PVE (more than 60% in 7
days), however it is associated with higher morbimortality
(30-32). Outcomes of ALPPS for primary liver tumors
are actually discouraging. In a recent review of ALPPS
for ICC, Lépez-Lopez et al. (33) found an incidence of
morbidity (Clavien’s grade III or higher) and postoperative
mortality of 50% and 45.4%, respectively. The same group
proposes an alternative technique, called tourniquet-
ALPPS, for treatment of very large ICC (33). In stage 1,
the appropriated main branch of the portal vein is ligated
and a tourniquet is placed within the umbilical fissure or
main portal fissure. It is then tightened enough to occlude
vascular communication between lobes. No liver partition
is performed. In stage 2, the tourniquet is used as an aid
to the hanging maneuver and liver partition is performed
by the anterior approach. In a small casuistic of 5 patients
with very large ICC requiring extended right hepatectomy,
postoperative mortality was 20%. Inferior vena cava
resection was performed in 3 cases. PVE remains the gold-
standard when FLR hypertrophy is needed, but tourniquet-
ALPPS may be considered in extreme cases.

Preoperative serum albumin and total bilirubin levels can
predict the risk of postoperative hepatic failure and indicate
worse prognosis, when lower than 3 mg/dL and or higher
than 10 mg/dL, respectively (34). Patients with obstructive
jaundice caused by hilar bile duct invasion should be
managed pre-operatively with percutaneous or endoscopic
biliary drainage (6).

Staging laparoscopy

Staging laparoscopy can be useful in ruling out small
peritoneal implants or distant LN disease. When
associated with intraoperative ultrasound, it can evaluate
the extent of intrahepatic disease, vascular invasion and
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reveal intraparenchymal metastasis. Therefore, it has
a potential role in detecting unresectable disease and
avoiding laparotomy, which has been reported to happen in
25-36% of patients (35,36). High-risk patients—especially
those with multicentric disease, high CA 19-9, suspected
peritoneal implants or major vascular invasion—benefit
from staging laparoscopy. Its routine use with laparoscopic
ultrasound in these cases is therefore advocated.

Lymphadenectomy

LN metastasis (LNM) is a crucial prognostic factor in
ICC. Albeit controversial in the recent past, routine
lymphadenectomy at time of resection for ICC is
recommended by latest guidelines (9,17). LN metastasis is
common in ICC, happening in around 40% of cases (23,37).
Most importantly, tumor specific prognostic factors, such
as lesion size, tumor centricity, margin status and vascular
invasion are much less relevant in the presence of LMN, as
prognosis is dictated by nodal disease. In a systematic review
of cases operated between 1973 and 2012 (n=2,358), Amini
et al. found that lymphadenectomy was performed in 78.5%
of patients, with 45.2% incidence of LNM (38). They
reported 3- and 5-year OS of 0.2% and 0% for patients
with LMN compared to 55.6% and 45.1%, respectively, for
patients without LMN (38).

In an international multicentric database review,
compromising 1,084 patients who underwent curative-
intent hepatic resection for ICC, Zhang et al. reported
that only 49.9% of patients underwent concomitant
lymphadenectomy (39). However, this proportion more
than doubled over time, from 44.4% in 2000 to 81.5% in
2015, in both Western and Eastern centers. The median
number of retrieved LNs was four and 18.8% of patients
had six or more nodes evaluated. In multivariate analysis,
the use of lymphadenectomy was associated with the period
of time in which the operation was performed, the extent of
the T stage, presence of biliary invasion and performance
of major hepatectomy as well as vascular and bile duct
resection. The use of lymphadenectomy was higher in
Western than Eastern centers (60.4% versus 33.2%).
However, tumors treated in the West were more advanced
and more likely to require major hepatectomy (67.2% versus
27%). Interestingly, when these factors were controlled for
in multivariate analysis, the use of lymphadenectomy was
similar between centers.

Zhang et al. analyzed the SEER (Surveillance,
Epidemiology, and End Results) database and identified
1,498 patients who underwent hepatic resection for ICC
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in the USA from 2000 to 2013 (40). In contrast to the
observed in highly specialized hepatobiliary centers (39),
the use of lymphadenectomy remained relatively low and
did not change over time in this national sample of hospitals
(2000-2004: 50.5% wvs. 2005-2009: 52% wvs. 2010-2013:
53.7%, P=0.636). This is worrisome, since the T-stage is
not a reliable predictor of nodal status. The association of
LNM with T1 ranges between 22 to 24% (T1a: 24%, T'1b:
22%), with T2, from 42.9% to 55.3%, with T3, from 48%
to 51.4% and with T4, from 39% to 66% (39,40).

In view of these data, the 8th AJCC revision staging
system formally recommended the sampling of at least
6 regional LNs (21). This recommendation nonetheless
is not evidence-based as the incidence of 6 nodes being
evaluated after lymphadenectomy is low (11.4% to 18.8%)
(39,40). Older series show that less than 25% of cases have
at least 4 nodes retrieved (41). There is a trend, however,
of more cases with >6 LLNs over time (2000-2004: 6.9%,
2005-2009: 10.6% vs. 2009-2013: 14.4%) (40). Brauer
et al. (42) analyzed the US National Cancer database in
order to determine the optimal number of LNs to be
retrieved. They studied 922 patients who underwent
RO resection with regional lymphadenectomy for ICC
between 2004 and 2012. However, no threshold of LNs was
associated with OS (42). Despite this data, the importance of
lymphadenectomy as an indispensable tool for determining
the precise staging of ICC remains, since it can guide the
use of adjuvant therapies in case of nodal disease. Moreover,
some retrospective studies have suggested a possible
therapeutic benefit in reducing locoregional recurrence, but
this has not been demonstrated in prospective series (43,44).

Regarding the surgical technique, the LNs along the
hepatoduodenal ligament and the common hepatic artery
should be removed in all cases. For ICC arising in the
right hemiliver, retropancreatic and portocaval nodes must
also be resected. For ICC in the left hemiliver, LNs along
the lesser curvature and cardia of the stomach should be
removed as well (8,17).

For patients with preoperative imaging studies showing
grossly positive porta hepatis LNs, systemic therapy is
recommended as the initial treatment, given the dismal
prognosis of node positive disease (median survival
7-14 months) (17). Subsequent re-staging may be
performed to identify patients with satisfactory response
and possible candidates for surgery.

Cirrhotic patients compromise a separate group in whom
lymphadenectomy should be employed with discretion,
since it is related to increased risk of complications.

© Translational Gastroenterology and Hepatology. All rights reserved.
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Bagante et al. showed a complication rate of 71% in 118
cirrhotic patients, significantly higher than the 23% rate
observed in non-cirrhotic patients (n=887) (45). Infectious
complications were especially prevalent in cirrhotics. For
these patients, preoperative criteria which identify low-risk
groups for LMN are useful, such as the one proposed by
Yoh et al., who showed that patients with CA 19-9 levels <37
Ul/mL, peripheral ICC and no LN swelling on imaging
studies have a false negative rate of only 2.3% (46).

Postoperative outcomes and predictors of prognosis
The 8th AJCC staging edition demonstrated the following
stratification of 5-year OS: stage IA 57.8%, stage 1B 44.5%,
stage II 30.5%, stage IITA 24.4%, stage IIIB 12.4% and
stage IV 8.6% (21). With adequate patient selection, 5-year
OS may reach 30-40% (23,47,48). For instance, patients
with solitary ICC lesions < 5 cm undergoing RO resection
can achieve 71% 5-year OS (49).

Mavros ef al. performed a systematic review of 57 studies
compromising 4,756 patients who underwent curative-
intent hepatic resection for ICC (48). Most patients
underwent major hepatectomy (82%) and lymphadenectomy
(67%) with RO margins (74%). Extrahepatic bile duct
resection was performed in 23%. The incidence of LNM,
vascular, perineural or biliary invasion was 34%, 38%, 29%
and 29%, respectively. Median and 5-year recurrence free
survival (RFS) ranged from 7 to 34 months and 2% to 39%,
respectively. Shorter OS was associated with older age,
large tumor size, multicentric tumor and satellite lesions,
LMN, vascular and perineural invasion, positive surgical
margins, major liver resection, extrahepatic bile duct
resection, presence of cirrhosis, hepatitis B virus infection
postoperative morbidity, multiple blood transfusions and
poor tumor differentiation.

Besides LN positive disease, multifocal tumor remains
a strong predictor of unfavorable prognosis. Compared to
solitary lesions, the median survival decreases importantly:
87 vs. 19 months (50). Other notable prognostic factors
include the morphological status and ICC localization
within the liver. In an international multicentric study,
Bagante et 4l. showed that patients with mass-forming or
intraductal-growth ICC had 41.8% 5-year survival, while
those with periductal-infiltrating subtype or combined
mass-forming and periductal-infiltrating ICC presented
25.5% 5-year OS, which corresponded to a 45% increased
risk of death in the long-term (51). Compared to mass-
forming ICC, the intraductal-growth subtype showed
higher incidence of poor differentiated tumors, lymph-
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vascular and perineural invasion in another study of Bagante
et al. (52). However, after controlling for these variables,
multivariate analysis showed similar prognosis between
these two subtypes (52). Regarding ICC localization,
Zhang et al. (1) showed that mass-forming ICC with hilar
involvement (hICC) presented worse prognosis than
peripheral mass-forming ICC (pICC) and pCCA. More
aggressive tumor characteristics were found on hICC
group, such as vascular invasion and LNM, as well as more
extensive surgical procedures and higher complications
rates (1). Interestingly, on multivariate analysis the hilar
involvement was not associated with survival, which was
instead dictated by biological tumor characteristics, such as
T stage, nodal status and tumor differentiation (1). Similar
results were also reported by Orimo er 4/., who showed that
hICC had more aggressive biological behavior with lower
survival than pICC (5 years OS: 30.4% vs. 51.1%) (53).
Increasing tumor size and tumor multifocality are
related to extended hepatectomy, vascular, extrahepatic
bile ducts and multivisceral resection, which translates
in worse long-term outcomes. However, these factors
cannot be considered absolute contra-indications for
curative treatment (8). Spolverato er /. (54) compared
215 patients with solitary ICC smaller than 7 cm to 342
patients with multifocal ICC with one lesion larger than
7 cm. The advanced tumor group showed higher
proportion of extended hepatectomies (30.4% vs. 16.9%),
vascular invasion (38.5% vs. 22.5%), adjacent organs
invasion (12.9% wvs. 6.5%) and nodal metastasis (46.8%
vs. 39.3%). Consequently, 5-year RFS and OS were lower
(8.5% wvs. 22.6% and 18.7% wvs. 30.5%, respectively).
Postoperative morbimortality was similar between groups.
Factors associated with worse outcome in this group
were more than 3 tumor nodules, nodal metastasis and
poor differentiation. Bartsch er /. (55) reported their
experience with 102 resected ICC, with a high proportion
of vascular (27.4%) and visceral resections (34.3%),
including adrenal gland, pericardium, duodenum, colon,
diaphragm, hilar bifurcation, inferior vena cava, portal vein
and hepatic artery. Aggressive surgical approach achieved
RO resections in 85% of cases. In-hospital mortality
was 8.8%, especially after resection of 5 liver segments.
The 5-year OS rate was 21%, and visceral infiltration
was major predictor of worse outcomes in multivariate
analysis (55). In another series from Ali er al. (56),
addressing 121 major hepatectomies for ICC, major
vascular resection (inferior vena cava and portal vein) was
performed in 12% of cases and no difference in outcome
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was observed compared to patients who did not undergo
vascular resection (56). Similar results were found by
Reames ez 4/. in a recent multi-institutional analysis of 1,087
patients with 12% of major vascular resections (57).

A few numbers of ex situ liver resections and auto-
transplantation have been described for ICC. These
extreme procedures offer opportunity for RO resection but
require the use of liver transplantation techniques, such
as hypothermic liver perfusion, veno-venous bypass and
total vascular exclusion (58). For ICC, the most common
indication is the invasion of the confluence of three hepatic
veins and retrohepatic vena cava, requiring reconstruction
of inferior vena cava and reimplantation of the liver remnant
into it (59). Therefore, in properly selected patients, the
need of visceral or major vascular resections is not a contra-
indication to attempt curative-intention surgery for ICC.
Figure 1 depicts a case of large ICC invading the hepatic
confluence that required ex vivo left hepatectomy with
right hepatic vein reconstruction and reimplantation of the
right lobe.

In fact, microscopically negative resection margins may
be challenging to achieve in cases of large tumors. Albeit
RO being the goal of curative-intent resection, the width of
surgical margins is important, at least for patients without
nodal disease. When nodal disease is present, R1 resections
is not associated with worse survival compared to RO
margins (24). Hence, oncologic outcome is dictated by nodal
metastases in these cases. Nevertheless, among patients
with NO disease, R1 margins negatively impact prognosis
and median survival is continuously increased by wider
margins (<I mm: 15 months; 2-4 mm: 36 months; 5-9 mm:
57 months; >10 mm: 64 months) (24). Similar results were
reported by Spolverato e /. in a multi-institution database
of 583 patients (60). Cases with positive margins and
margin width negative by 1-4, 5-9 and >10 mm presented
S-year OS of 13.1, 13.8, 27, 33.2 months, respectively.
Margin status and width remained independently associated
with recurrence and OS on multivariate analyses. Resection
margins >10 mm are therefore desirable. Positive and
narrow negative margins may be considered for adjuvant
therapies, especially external beam radiation, although there
is no prospective data to support their benefit (8).

A continuous growth is observed in minimally invasive
liver resections over the last decades. The complexity of
cases operated on with laparoscopic and robotic surgeries
has also increased. For treatment of ICC, the experience
is still limited (61). Some small series arising from
single centers have shown the feasibility of performing
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Figure 1 Liver autotransplantation for cholangiocarcinoma. (A) Arterial phase of computed tomography scan showing large hypervascular

lesion of 6.5 cm x 4.5 cm on hepatic veins confluence, infiltrating segments I, IT, IV and VIII. (B) Coronal cut showing the invasion on right

hepatic vein (red arrow). Anterior branch of the right portal vein (green arrow) is preserved. (C) Ex vivo left hepatectomy was performed,

with partial removal of inferior vena cava and right hepatic vein. A deceased donor iliac vein graft was used for reconstruction on back table.

(D) Final aspect of the reimplanted right lobe after venous reconstruction.

laparoscopic major hepatectomy and lymphadenectomy
with oncologic outcomes similar to open resection (62-64).
Regarding the robotic approach, the experience is even more
restricted and composed by case reports for pCCA (61).
The use of minimally invasive surgery for ICC seems
feasible and safe, but more studies are needed in this field.

Treatment of recurrence

Even with RO hepatic resection, ICC recurrence remains
regrettably high with 5-year rate of 53.5% to 73.4% (65-68).
Recurrences are exclusively intrahepatic in about 60% of
cases, exclusively extrahepatic in about 13% to 19% and
both in 21% to 27% (65,68). The lungs, distal LNs and
peritoneum are the most common sites of extrahepatic
recurrence (23.7%; 24.7%; 16.1%, respectively) (68).
The optimal cut-off value to differentiate early and late
recurrence is reported to be 24 months (68). A multi-
institutional analysis by Zhang et /. of 685 patients with
recurrence showed early recurrence in 78.8% and late in
21.2% (68). Extrahepatic disease was more common in
early recurrence cases (44.1% vs. 28.3%, respectively),
whereas a higher proportion of exclusively intrahepatic
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disease was found in late recurrence (55.9% vs. 71.7%,
respectively). Interestingly, tumor characteristics (including
size, satellite lesion, LNM and microvascular invasion) and
narrow surgical margins were related to early recurrence.
Adjuvant chemoradiotherapy was associated with decreased
risk of early recurrence. For late recurrence, liver cirrhosis
was the only identifiable predictor factor. Patients with
early intrahepatic disease tended to have a worse OS
than those with later intrahepatic recurrence (13 ws.
24 months, respectively). This data strongly suggests that
intrahepatic early recurrence is probably a recurrence of the
primary tumor, while late recurrence is most likely related to
de novo cancer and the background liver. On the other hand,
another casuistic of 137 patients with recurrence reported
that most recurrences within 24 months typically involved
the liver (83 %) while recurrence beyond 24 months tended
to be extrahepatic (61%) (69), thus the opposite of the
data found in Zhang er al’s study (68). Further studies are
needed to shed light on this issue.

Considering that intrahepatic disease is the most frequent
site of recurrence, new surgical resection may improve
outcome in properly selected patients, especially regarding
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performance status and size of FLR. In Spolverato et al.
multicentric series of 563 patients (66), recurrence rate
was roughly 70% (n=400). Of these, 41 patients underwent
repeat hepatectomy and showed superior survival than those
treated with intra-arterial therapy or systemic chemotherapy
(26.1 vs. 9.6 vs. 16.8 months). However, more than a half
experienced a second recurrence within median time of
11.5 months (66). In the study from Zhang et al. (68), 406
patients developed intrahepatic-only recurrences, of which
103 (25.4%) underwent further curative treatment (new
surgical resection: 81 cases, ablation 22 cases). The 5-year
OS rate of these patients was 63.7%, comparable to the
rate found in 248 patients with no recurrence (77.1%) (68).
In another study from Yoh et 4/., a total of 15 patients with
recurrent ICC underwent re-resection (7 with intrahepatic
and 8 with extrahepatic disease) (67). Patients were selected
according to “macroscopically resectable disease” and
clinicopathological features of the primary tumor, especially
nodal status, number of lesions and time to recurrence.
Only 14% of patients with recurrence were operated on.
They had better 3 year-survival after recurrence (SAR) than
patients who did not undergo surgery: 86.7% vs. 8.7%,
median SAR time 91.6 vs. 10.4 months, respectively (67).

For cases deemed unresectable, treatment options are
limited to locoregional therapy and systemic chemotherapy.
The first include hepatic arterial infusion (HAI) therapy and
embolization therapies including both bland embolization
and transarterial embolization (TACE) with or without
drug-eluting beads and yttrium-labelled selective internal
radiation therapy (17). The use of radiofrequency ablation,
cryotherapy and microwave ablation is less used because
of common large size of ICC and increased risk of biliary
complications for tumors near the hilum and pedicles (5).
Locoregional therapies can also be used to treat recurrence,
especially in cases without performance status for surgery.
There is not prospective study comparing locoregional
therapies with re-resection and thus decision must be made
individually. For metastatic ICC, systemic chemotherapy
most commonly compromises cisplatin and gemcitabine
regimens (17). Several emerging molecularly targeted
therapies are being developed based on the genomic
alterations detected in ICC (70).

Neoadjuvant therapy

A possible benefit of neoadjuvant chemotherapy on
outcomes for patients with ICC has not been demonstrated
in prospective randomized trials. There are retrospective
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series and single-institution casuistic of neoadjuvant
chemotherapy with and without locoregional treatments
to treat occult metastasis, decrease recurrence rates and
downstage initially unresectable tumors in selected patients;
however, these treatments remain controversial (71). For
patients with unresectable disease and good performance
status, gemcitabine/cisplatin therapy may successfully
downstage 25% to 50% of patients and allow surgery
(72,73). A combination with ytrium90-radioembolization
has also been used with promising results (74).

Adjuvant therapy

Given the high recurrence rates observed in surgically
treated ICC, the use of adjuvant therapy seems useful.
However, its exact role remains to be defined. The clearest
indication is for patients who underwent R1 resections or
had LN disease (8). In a large retrospective multicentric
series (n=1,154), Reames et a/. identified 347 patients
who received adjuvant chemotherapy (most commonly
gemcitabine-based regimen) (75). Improved OS was found
in subsets of patients at high risk for recurrence, namely
those with N1 disease and those with T2/T3/T4 tumors.
In a systematic review and meta-analysis of 20 studies
including 6,000 patients with biliary tract cancer, systemic
chemotherapy associated or not with radiation showed
better results than radiation alone for patients with positive
margins or LNM (76). The most common regimes were
gemcitabine or 5-fluorouracil (5-FU) systemic treatment
and 5-FU-based radiation. Retrospective institutional data
suggest that radiation may offer some benefit in decreasing
recurrence risk (77,78). Adjuvant therapy may also be
considered in patients with others high-risk features, such
as satellitosis/multicentric tumors and poor differentiation,
especially in the setting of clinical trials (17).

Liver transplantation

The use of orthotopic liver transplantation (OLT) for
unresectable ICC or ICC arising in the context of liver
cirrhosis have historically been poor, with 18-25% 5-year
OS (79,80). Thus, it was considered a formal contra-
indication for OLT in many centers. Interest was regained
after a study reported that patients with PSC with
incidentally discovered ICC on explanted liver had similar
survival to patients without ICC (5-year OS 83%) (81).
However, more recent results of many transplant centers
remained poor, with 5-year OS of roughly 30% (82-84).
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More recent data shows that 5-year OS reaches 65% for
OLT performed in cirrhotics with small solitary ICC
(£2 cm) that could not undergo resection (85). However,
these results are limited to well-differentiated ICC,
as moderately-differentiated tumors presented worse
outcomes.

In a retrospective study comparing OLT to liver
resection, Hong er #/. demonstrated that patients who
received neoadjuvant therapy prior to OLT experienced
better 5-year OS (2). Only one prospective study about
OLT for ICC is found on literature, performed by Lunsford
et al., involving patients with unresectable ICC (86).
Inclusion criteria include solitary tumor >2 c¢cm or multifocal
disease confined to the liver without radiological evidence
of extrahepatic, macrovascular or LN involvement. Patients
were considered eligible for protocol consideration if they
had shown 6 months of disease stability or tumor regression
after neoadjuvant chemotherapy. All patients were surgically
staged at time of laparotomy before the transplant was
performed. A total of 12 patients were enrolled. Six
patients underwent transplant, 3 were on the waitlist at
time of publication and 3 were not transplanted because
of findings during laparotomy (multiple adhesions in 2
and resectable disease in 1). Median time from diagnosis
to transplantation was 26 months. One patient died
14.5 months after OLT because of metastatic disease and
3 patients developed recurrence at a median time after OLT
of 7.6 months, which translates into 5-years OS and disease-
free survival of 83.3% and 50%, respectively (86).

Considering the scarcity of donors, liver transplantation
for ICC, even in cases of PSC, should be considered only
in very selected cases. The response to neoadjuvant therapy
seems to be a crucial factor for performing OLT for ICC
with good results.

Conclusions

In conclusion, ICC remains a challenging disease, with
increasing incidence worldwide. As an aggressive primary
liver malignancy, surgical resection is the only potentially
curative treatment. The principle of the surgical approach
is a margin negative hepatic resection with preservation of
adequate liver remnant. Staging laparoscopy is warranted
in high-risk patients to avoid unnecessary laparotomy.
Regional lymphadenectomy is recommended at time
of hepatectomy due to the massive impact on outcomes
caused by LN metastasis. Multicentric disease, tumor size,
margin status and tumor differentiation are also important
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prognostic factors. High-complex procedures, such as major
vascular, extrahepatic bile ducts and visceral resections,
ex vivo hepatectomy and autotransplantation, should be
implemented in properly selected patients to achieve
RO margins. Recurrence is frustratingly high, but some
patients can be selected for repeated resection. Neoadjuvant
therapy may be used in initially unresectable lesions in
order to downstage and allow resection. Adjuvant therapy
should be considered in cases with unfavorable prognostic
factors. Despite the historically poor outcomes of liver
transplantation for these tumors, highly selected patients
with unresectable disease, especially those with adequate
response to neoadjuvant therapy, may be offered transplant
within clinical trials.
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