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Abstract: Cholangiocarcinoma (CCA) arises from the biliary tract epithelium and accounts for 10-15%
of all hepatobiliary malignancies. Depending on anatomic location, CCA is classified as intrahepatic
(iCCA), perihilar (pCCA) and distal (ACCA). The best treatment option for pCCA is liver resection and
when a radical oncological surgery is obtained, 5-year survival rate are around 20-40%. In unresectable
patients, following a specific protocol, liver transplantation (LT) for pCCA showed excellent long-term
disease-free survival rates. Fewer data are available for iCCA in LT setting. Nevertheless, patients
with very early unresectable iCCA appear to achieve excellent outcomes after LT. This review aims to
evaluate existing evidence to define the current role of LT in the management of patients with CCA.
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1. Introduction

Cholangiocarcinoma (CCA) is the second most common hepatic malignancy after hepatocellular
carcinoma (HCC); its overall incidence has progressively increased worldwide over the past four
decades [1-3]. CCA is a malignant tumor of the cholangiocytes (i.e., the epithelial cells lining the bile
ducts), which can develop at any portion of the biliary tree, from the canals of Hering to the main bile
duct [4,5]. Most CCAs are well, moderately or poorly differentiated adenocarcinomas; other histological
subtypes are rarely encountered. Surgery is the preferred therapeutic option for all subtypes of CCA,
although, involvement of the vascular structures and lymph nodes needs to be considered when
evaluating the best approach.

Refinements in CCA diagnosis and better understanding of genetic profiles may lead to
an optimized surgical treatment. In addition, novel drugs, such as checkpoint inhibitors and
molecular-targeted molecules, may represent future options for adjuvant and neoadjuvant therapy,
alone or in combination with downstaging locoregional therapies [6]. This review aims to analyze the
recent advances in the management of CCA, focusing on surgical treatments and highlighting the role
of liver transplantation in the era of transplant oncology.
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2. Anatomo-Pathological Features of CCA

CCAs represent an estimated 3% of all gastrointestinal system malignancies. They are classically
divided into three groups, depending on the anatomic site of origin: intrahepatic CCAs (iCCAs),
perihilar CCAs (pCCAs) and distal CCAs (dCCAs) [7]. iCCAs are defined as CCAs located proximally
to the second-order bile ducts. iCCA can present three different patterns of growth: mass-forming
(MF-iCCA), periductal infiltrating (PI-iCCA) and intraductal growing (IG-iCCA). Of these, the MF-iCCA
is by far the most frequent type [8]. pCCAs can arise anywhere from the second-order bile ducts to
the common bile duct above and at the site of cystic duct insertion. In contrast, dCCAs are confined
to the area between the origin of the cystic duct and the ampulla of Vater [7]. pCCAs account for
~50-60% of all CCAs and dCCAs for 20-30% [9]. pCCA and dCCA have similar macroscopic features;
they generally are flat or poorly defined nodular sclerosing tumors which diffusely infiltrate into
adjacent structures in 80% of cases. Less frequently, pCCAs and dCCAs present as intraductal papillary
tumors [10]. PI-iCCAs and flat/nodular sclerosing p/dCCAs often develop from preinvasive lesions,
classified as biliary intraepithelial neoplasm (BilIN); likewise, papillary p/dCCAs and IG-iCCA arise
from intraductal papillary neoplasms of the bile duct (IPNBs). No preinvasive lesions of the MF-type
of iCCA have been identified [11].

Histologically, most pCCAs and dCCAs are mucin-producing adenocarcinomas or papillary
tumors, into conventional and unconventional iCCAs. Conventional iCCAs are well to moderately
differentiated adenocarcinomas made up of columnar to cuboidal epithelial cells, which bear
a resemblance to biliary epithelial cells [12]. Varying degrees of desmoplasia and inflammation
can be present. Mucin can be found in the lumen of tubular structures, in the apical side of tumor cells
and in the cell cytoplasm. iCCAs cells can cause compression of the surrounding parenchyma or invade
hepatocyte plates and sinusoids [10]. iCCAs can also be classified into two main histological subtypes
depending on the anatomic site where they may arise [10]. The small bile duct type of iCCA may
develop from small intrahepatic bile ducts, progenitor cells or hepatocytes. It presents as small-sized
tubular or acinar adenocarcinoma with invasive mass-forming growth pattern and absent or minimal
mucin production. It commonly has a peripheral location in the liver [10,13]. On the other hand,
large bile duct iCCAs derive from large intrahepatic bile ducts [14] or from peri-biliary glands [15].
They are formed of mucin-producing columnar tumor cells arranged in a large-duct or papillary
architecture. Most large bile duct iCCAs are PI-iCAAs and are centrally located in the liver [14,16].

3. pCCA: Surgical Approach and LT Indications

3.1. Liver Resection

When feasible, liver resection (LR) is the best treatment option for pCCA. Surgery can offer a 5-year
survival rate of 20-40% after RO resection (microscopic margins negative for tumor). When R0 is not
feasible, the 5-year survival rate drops to 0% [17-21]. Unfortunately, only 20-25% of patients are
appropriate candidates for curative resection. Due to its anatomic location—adjacent to the hepatic
artery and portal vein—vascular involvement is common in pCCA and represents the main reason for
the tumor to be deemed unresectable. Other criteria for unresectability are local progression, jaundice
or presence of metastases. The main goal of surgery is to obtain an R0 resection; to achieve it, a complex
surgical procedure is required, which involves performing a major hepatectomy with caudate lobe and
en-bloc biliary resection, a hepaticojejunostomy and a lymphadenectomy (Figure 1).

Vascular resection and subsequent reconstruction can also be performed, when necessary. Mortality
rates remain high even in experienced centers due to the complexity of the procedure. The 30-day
mortality rate ranges from 5-15% [22-27], and the leading cause of death is postoperative liver failure.
An accurate diagnosis is crucial to select patients for surgery correctly. Five to 20% of presumed pCCAs,
which are resected, turn out to be negative on histopathological assessment [28] and finally showed
benign biliary stricture due to chronic inflammation in the setting of IgG4-disease or primary sclerosis
cholangitis (PSC). This means that some patients undergo a high-risk surgical procedure even if no
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tumor is to be found. Optimal care of patients with pCCA requires the involvement of liver-specific
multidisciplinary teams, which should include interventional radiologists, oncologists, hepatologists,
endoscopists and hepatobiliary surgeons, with surgical oncology, vascular and transplant skills [29].

Figure 1. Left hepatectomy with caudate lobe resection for perihilar cholangiocarcinoma (pCCA)
(Bismuth IIIb).

3.1.1. Staging

Although there is no universal definition of resectability, there are classifications that can help
clinicians choose the best treatment for pCCA. The Bismuth classification was introduced in 1975 and,
despite it being the oldest classification, it is still primarily used to define pCCAs according to the biliary
segment affected by the tumor. A type IV tumor is characterized by a bilateral involvement of the
second-order intrahepatic bile ducts and is generally considered unresectable. However, the Bismuth
classification does not describe vascular involvement. In 2001, Blumgart introduced the clinical T
staging system, which describes both vascular and parenchymal involvement but does not account
for distant metastases or lymph node involvement. Recently, the American Joint Committee on
Cancer (AJCC) published the 8th edition of the Cancer Staging Manual [30]. The staging system for
pCAA included in the Manual is the most comprehensive, as it provides for the assessment of tumor
progression, vascular involvement, lymph node and distant metastases.

3.1.2. Biliary Drainage and Future Liver Remnant Quantification Before LR

Hyperbilirubinemia and low quality/quantity of the future liver remnant (FLR) are two high risk
factors for postoperative morbidity and mortality in liver surgery. Both preoperative hyperbilirubinemia
and FLR characteristics can, in some cases, be modified before surgery. Obstructive cholangitis is
the main indication for biliary drainage before tumor resection. Given the high morbidity of the
procedure, the decision whether or not to drain the bile ducts before operating is still debated. Bile duct
obstruction causes a pro-inflammatory state, which increases the risk of postoperative morbidity [31].
A recent retrospective study confirmed that a high preoperative bilirubin level is a significant risk
factor for postoperative morbidity and mortality. The authors described a cut-off value of 2.5 mg/dL
and 6.2 mg/dL for morbidity and mortality, respectively [32]. In the case of major hepatic resection,
biliary drainage of the FLR should be strongly recommended [33,34]. There are two biliary drainage
procedures: percutaneous transhepatic biliary drainage (PTBD) and endoscopic biliary drainage (EBD).
These procedures are associated with a high risk of complications and should be performed by expert
hands. Patient with suspected pCCA should be referred to high-volume centers with a multidisciplinary
hepatobiliary team [35]. Few studies in the literature compared EBD and PTBD, with conflicting results.
Two recent meta-analyses, which were based on retrospective studies, reported a higher conversion rate
in the EBD group but similar morbidity in the two groups. Another retrospective study showed higher
morbidity after PTBD [36]. The only multicenter randomized clinical trial (RCT) comparing PTBD
with EBD before major LR for pCCA was stopped early due to a high mortality rate in the PTBD group
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(41% vs. 11%) [37]. In a South Korean study, the authors proposed that the use of endoscopic nasobiliary
drainage (ENBD) could reduce procedure-related morbidity, despite comparable results between EBD
and PTBD [38]. In patients with unresectable pCCA, PTBD with stent placement above the sphincter
of Oddi was proposed to reduce bacterial cholangitis. The same procedure should be offered before
surgery [39]. In conclusion, EBD should always be preferred, especially when there is still no diagnosis
and let the multidisciplinary hepatobiliary team decide based also on the local expertise. Before a major
resection, the FLR should always be drained, especially when there is a bile duct obstruction associated
with cholangitis, bilirubin levels > 4 mL/dL and FLR < 40%; antibiotic prophylaxis is always indicated;
jaundiced patients with suspected pCCA should be referred to specialized centers. Insufficient liver
volume and abnormal liver function are significant risk factors for morbidity and mortality after surgery.
Post-hepatectomy liver failure (PHLF) is the most frequent cause of death. The FLR is calculated
by a CT-scan software depending on the type of operation (extended right or left hepatectomy).
An FLR of 25%, if the parenchyma is normal, is considered sufficient. On the other hand, if the liver is
“abnormal”—e.g., because of previous chemotherapy, steatosis or cirrhosis—an FLR of 30-40% will be
needed [40]. Indocyanine green clearance, hepatobiliary scintigraphy and single-photon emission CT
(SPECT)-CT can be used in combination to judge the capacity of the FLR to maintain a normal liver
function [41]. A recent multicenter retrospective study showed a significantly lower incidence of liver
failure, biliary leakage, abscess formation and 90-day mortality in patients treated with portal vein
embolization (PVE) before major LR for pCCA [42].

3.1.3. Surgical Approach

As mentioned before, complete tumor resection with negative margins is the only treatment that
can lead to long-term survival. Radiologic preoperative evaluation is crucial for defining resectability
and choosing the best surgical approach. Preoperative CT-scans and MRIs can offer substantial
information about vascular and biliary involvement. Unfortunately, 45-47% of patients who undergo
laparotomy for potentially curative surgery are deemed unresectable intraoperatively due to local
progression disease [43,44]. Careful palpation and accurate surgical dissection of the hepato-jejunal
ligament are indispensable for defining resectability. The laparoscopic approach does not allow manual
palpation but can be useful to exclude local progression and to define resectability, as suggested by Bird
et al. [45]. Unsuccessful laparotomy or laparoscopy has a significant impact on prognosis, as previous
surgery is an absolute contraindication to liver transplantation.

Surgery for pCCA is very challenging from a technical point of view because of the anatomic
location of the tumor. pCCA develops very close to the portal veins and hepatic arteries, therefore
performing an RO resection is not always achievable. Surgery for pCCA consists of a major
hepatectomy with caudate lobe and en bloc biliary resection, a hepaticojejunostomy and an accurate
lymphadenectomy. Vascular resection and subsequent reconstruction can also be performed when
necessary. The choice to perform left or right hemihepatectomy depends on the extension of the tumor
and the anatomy of the patient. Choosing right hemihepatectomy has the advantage of the greater
length of the left hepatic duct (2-3 cm) when compared with the right hepatic duct (< 1 cm) [46].
The complexity of left hemihepatectomy is due to the difficulty in performing biliary anastomosis
to the multiple right hepatic ducts, and especially to the posterior right hepatic duct, as it is located
posteriorly to the right portal vein. En-bloc resection of the caudate lobe is always recommended as
the tumor typically grows into the caudate lobe through small biliary branches. Thorough anatomic
studies have shown that the caudate bile ducts drain into the right or left hepatic ducts or the biliary
confluence [47]. A recent retrospective study compared left and right hemihepatectomy for pCCA;
left hemihepatectomy had comparable oncologic outcomes to right hemihepatectomy with a lower
occurrence of ascites and higher bile leakage rates. However, postoperative ascites was a more notable
complication than postoperative bile leakage, as ascites is correlated with postoperative liver function,
and all cases of bile leakage that were described were minor complications and resolved spontaneously
by conservative care [48]. Outcomes are more favorable in high-volume centers [49].
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3.2. Liver Transplantation

For unresectable tumors, LT can be considered an option, as it would allow to solve several
surgery-related issues (positive margins, inadequate FLR) and also to treat any underlying primary
sclerosing cholangitis (PSC). In the past, LT was considered ineffective due to the high rate of recurrence.
In the US, the Cincinnati Transplant Tumor Registry published results from 207 patients from 1968 to
1997 who were treated with LT for CCA. The data showed a 5-year survival rate of 23% with a tumor
recurrence rate of 51% (84% within the first two years). The survival rate after recurrence was less than
one year, and no advantage in survival was detected in patients with CCA and PSC, in patients with
incidental tumors or patients receiving adjuvant chemotherapy [50].

In some European countries (Spain, France, Germany), a similar analysis was performed in
patients affected by pCCA treated with LT. A 3-year survival rate of 30-38% and a very high rate
of recurrence of disease were reported [51,52]. Despite this, some transplant centers enlist patients
with pCCA for LT within very restrictive protocols, which involve the association with neoadjuvant
chemoradiation treatment.

Innovations in the treatment of pCCA appeared in 1993 when the University of Nebraska and
later also the Mayo Clinic liver transplant Center, proposed a new neoadjuvant protocol for the
treatment of pCCA [53]; patients affected by pCCA alone or in the setting of PSC were carefully
selected for the protocol, which consisted in receiving external beam radiation (40-45 Gy), followed by
transcatheter radiation (20-30 Gy) with iridium wires, being administered intravenous 5-fluorouracil
for chemo-sensitization during radiation therapy and later capecitabine while awaiting LT (Table 1).

Table 1. Mayo Clinic Protocol.

External beam radiation therapy (45 Gy in 30 fractions, 1.5 Gy twice daily)
Brachytherapy (20 Gy at 1 cm in approximately 20-25 h)—administered 2 weeks
following completion of external beam radiation therapy

Mayo Clinic Protocol  Capecitabine—administered until the time of transplantation, held during
perioperative period for staging
Abdominal exploration for staging—as time nears for deceased donor
transplantation or day prior to living donor transplantation
Liver transplantation

Diagnosis of pCCA (transcatheter biopsy or brush cytology, CA 19-9 > 100 mg/mL
and/or a mass on cross-sectional imaging with a malignant appearing stricture
on cholangiography)
Inclusion Criteria Unresectable tumor above cystic duct (pancreatoduodenectomy for microscopic
involvement of CBD, resectable pCCA arising in PSC)
Radial tumor diameter 3 cm
Absence of intrahepatic and extrahepatic metastases
Candidate for liver transplantation

Intrahepatic cholangiocarcinoma

Uncontrolled infection

Prior radiation or chemotherapy

Prior biliary resection or attempt resection

Intrahepatic metastases

Evidence of extrahepatic disease

History of other malignancy within 5 years

Transperitoneal biopsy (including percutaneous and EUS-guided FNA)

Exclusion Criteria

pCCA: perihilar cholangiocarcinoma; PSC: primary sclerosis cholangitis, CA19-9: Carbohydrate Antigen 19-9;
CBD: common bile duct; EUS: endoscopic ultrasound; FNA: guided fine-needle aspiration.

The effectiveness of high-dose neoadjuvant chemo and radiotherapy is well established and LT
can improve or resolve the adverse effects connected with the neoadjuvant treatment [54]. Staging
surgery with lymph node biopsies is always performed before LT, after brachytherapy, by laparotomy
or hand-assisted laparoscopy. Only patients with unresectable pCCAs are eligible for the protocol.
The Mayo Clinic group reported an intention-to-treat survival rate at 1, 3 and 5 years of 82%, 62%
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and 56%, respectively. The overall survival after LT at 1, 3 and 5 years was 91%, 81% and 74%,
respectively. Furthermore, patients with PSC had a higher 5-year survival rate than patients with
de novo pCCA (80% versus 64%). Recurrence occurred in 17% of patients [55]. These promising
data were reproduced in a multicenter study published by Murad in 2012 [56]. Data collected from
12 high-volume centers in the US who met the inclusion criteria for LT were analyzed. The authors
reported a 5-years intention-to-treat survival of 53% and an 11.5% drop-out rate after 3.5 months,
suggesting an appropriate prioritization for LT and a rigorous selection of the candidates. However,
this protocol has been criticized and key issues are still debated.

3.2.1. Diagnostic Accuracy

The main criticism against the Mayo Clinic protocol is that if transperitoneal biopsies cannot be
taken or don’t confirm the diagnosis, patients can potentially be transplanted though they may not
have cancer; this is suspected when cytology and fluorescent in situ hybridization (FISH) test come out
negative and no residual tumor is found in the transplant biopsy specimens.

In half of the patients, a pathological diagnosis is not made before neoadjuvant therapy
and half of the explanted livers do not have residual CCA at pathological evaluation after LT.
Preoperative pathological diagnosis is a challenging task in pCCA. About 15-20% of patients who
undergo LR for suspected pCCA are diagnosed with a benign biliary stricture [57]. In this case,
the dilemma is: Was the therapy so effective that the tumor disappeared, or was there no tumor in the
first place? (Figure 2).

Figure 2. Effect of brachytherapy on bile ducts (explanted liver).

A subgroup analysis of the Mayo Clinic group showed a 66% 5-year overall survival rate when
clinicians had reached a pathological diagnosis versus a 92% 5-year overall survival rate in the
unconfirmed pathology subgroup. The intention to treat 5-year overall survival rates were 50% and
80% in the confirmed and unconfirmed pathology subgroups, respectively [58].

3.2.2. Prioritization to Liver Transplantation

Prioritization to LT is one of the most debated issues. In 2009, the UNOS Board of Directors agreed
on criteria for standardizing model for end-stage liver disease (MELD) score exception points in pCAA
and on allowing adjustments every three months. According to data provided by Gores et al. [59],
the efficacy of neoadjuvant therapy in highly selected patients affected by unresectable pCCA can
justify a MELD score exception for these patients. In the era of transplant survival benefit, the allocation
policy may undergo some radical changes.

3.2.3. Effectiveness of Neoadjuvant Therapy or Patient Selection?

Sudan et al., were the first report to describe the favorable outcomes of patients who underwent
LT following neoadjuvant radio- and chemotherapy treatment for pCCA [60]. Data published by the
Mayo Clinic Group confirmed the efficacy of neoadjuvant radio and chemotherapy before LT for the
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treatment of pCCA. LT alone for pCCA was considered inadequate due to high recurrence rates and
poor patient survival; however, patients had not been strictly selected for LT and most of the cases of
LT alone were only described in retrospective studies which covered long timeframes.

Therefore, the question is whether the success of the Mayo Clinic series was due to the careful
selection of the patients enrolled in the study or to the efficacy of neoadjuvant therapy. Mantel et al.
have focused their attention on careful patient selection. In a retrospective study, they identified
28 patients with pCCA who met the strict selection criteria for the Mayo Clinic protocol but did not
undergo neoadjuvant chemoradiation therapy [61]. Five-year survival in this subgroup was 59%, which
is comparable to the Mayo Clinic series.

3.2.4. Liver Resection or Liver Transplantation?

Ethun et al., in a retrospective analysis, investigated the efficacy of surgery (LR vs. LT) in patients
with pCCA [17]. The overall 5-year survival was 18% and 64% for resected and transplanted patients,
respectively. When focusing the analysis on patients meeting the Mayo Clinic transplantation criteria
(i.e., tumor smaller than 3 cm, negative lymph nodes) with RO resection and after excluding PSC,
the reported 5-year survival was still higher in the LT group (54% vs. 32%, p = 0.049). However,
this was only a retrospective study comparing resected patients with transplanted—therefore,
unresectable—patients. To date, there are no RCTs comparing LR to LT.

4. iCCA: Surgical Approach and LT Indications

4.1. Liver Resection

LR remains the best treatment for iCCA [62]. More than 70% of patients with iCCA require
a major hepatectomy (defined as resection of > 3 liver segments) to achieve tumor-negative
margins [63-66]. Contraindications to LR include diffuse bi-lobar involvement (satellite lesions),
peritoneal carcinomatosis, distant metastases, underlying liver disease (advanced fibrosis, cirrhosis)
with portal hypertension, a future liver remnant < 20-30% or inadequate response to portal vein
occlusion or severe co-morbidities [67]. Recent studies have demonstrated improved survival rates in
patients who receive treatment at academic centers, undergo lymphadenectomy even in node-negative
disease and undergo an anatomic rather than a non-anatomic LR [68-70]. Lymphadenectomy is
recommended by both the National Comprehensive Cancer Network (NCCN) and the International
Liver Cancer Association (ILCA), especially for staging and prognosis [63]. The 8th edition of the
AJCC Staging Manual [71] recommends that at least six lymph nodes should be collected to achieve
a complete nodal staging. However, even though preoperative biopsy is not required before curative
surgery, staging laparoscopy helps to identify peritoneal and liver metastases with 36% and 67% of
accuracy, respectively and therefore should be considered [72]. A large multicenter study, including
1087 resected iCCA patients with tumor vascular involvement, demonstrated that LR with major
vascular resections (i.e., inferior vena cava or portal vein resections) did not portend worse perioperative
or oncologic outcomes and could be considered in well-selected patients [73]. Nonetheless, in the
setting of locally advanced iCCA, some authors proposed to treat the tumor first and then to evaluate
the response to therapy [74]. Neoadjuvant therapy is likely to play a critical role in this setting in the
future. Minimally invasive liver surgery has been increasing in the last few years in the US, from
16% in 2010 to ~25% in 2015 [75]. Such minimally invasive-approaches are safe and do not appear to
compromise oncological outcomes [76,77]. However, a US study demonstrated lower rates of lymph
node sampling compared to open resection [78]. A meta-analysis of 6 studies, including 384 patients
who underwent laparoscopic hepatectomy and 2147 patients who underwent open hepatectomy for
iCCA showed higher rates of R0 resection in the laparoscopic group with similar perioperative and
overall survival [77]. For patients with inadequate predicted postoperative FLR (i.e., < 30% volume
in a normal liver or < 50% volume in a cirrhotic liver), surgical techniques such as liver partition
and portal vein ligation for staged hepatectomy (ALPPS) and preoperative PVE, can be considered
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to increase resectability rates [79-81]. Nevertheless, few data on the use of these surgical options are
available for iCCA. In the largest single-center experience of ALPPS, including 14 patients with iCCA,
median overall survival was 64% 4-years after surgery, in patients who completed both phases of the
procedure (1 = 12) [82]. Portal vein embolization showed equivalent FLR hypertrophy in biliary tract
cancers compared to hepatocellular carcinoma and colorectal cancers. In a study by Yamashita et al.,
the authors reported lower complete hepatectomy rates in patients with biliary cancers (n = 172, 35%
with iCCA) compared with HCC patients (n = 70), due to disease progression [83]. Still, acceptable
outcomes, both at short- and long-term, were achieved with PVE, regardless of cancer type. Ebata et al.
reported data from a large cohort of patients (1 = 494) with different biliary tract cancers (including
CCA and gallbladder cancers) who underwent PVE before extended hepatectomy [84]. They showed
that PVE could be considered safe, even in patients with cholestatic liver disease. Three-hundred
and seventy-two patients (75%) underwent extended hepatectomy after PVE and achieved long term
oncological outcomes (5-year overall survival [OS] 39% in the iCCA group) similar to those reported in
iCCA patients after LR [84,85].

4.2. Liver Transplantation

Intrahepatic CCA is considered a contraindication for LT in many LT centers due to very poor
reported outcomes, with 2-year survival of less than 40% [86,87]. In the last few years, several
retrospective studies reported excellent oncologic and survival outcomes after LT in patients with
iCCA found at explant pathology [88,89]. The results of LT in iCCA patients can vary, depending on the
presence of liver cirrhosis. Sapisochin et al. identified 29 patients who were transplanted for HCC with
a radiological diagnosis before LT and iCCA on explant pathology [88]. A subgroup of patients with
“very early” iCCA, i.e., tumors < 2 cm, had excellent oncologic outcomes with 1, 3 and 5-year actuarial
survival rates of 100%, 73% and 73%, respectively. Poor prognostic factors such as larger tumor size
and volume, microvascular invasion and poor differentiation were identified. A multicenter study,
including 48 patients, confirmed these findings [90]. A multicenter prospective trial (NCT02878473),
currently in the enrollment phase, will further clarify the role of LT in patients with “very early” iCCA.
Therefore, given the lack of evidence, LT for iCCA patients with cirrhosis should be performed only in a
clinical trial setting. For iCCA patients without cirrhosis, Lunsford et al., in a combined experience with
the Houston Methodist and MD Anderson cancer centers, published a prospective case series regarding
patients who had locally advanced unresectable iCCA at diagnosis [91]. These patients received
neoadjuvant therapy with a first-line platinum-based regimen and gemcitabine and underwent LT
after a minimum of 6 months of radiographic response or stability. Among the 21 patients referred,
12 patients agreed to be included in the study, and six patients underwent LT. The 5-year OS and
recurrence-free survival rates were 83.3% and 50%, respectively.

Wong et al., presented the results from a pilot study, including a prospective cohort of patients
with pCCA and iCCA who underwent downstaging before LT [92]. The study included three iCCA
patients and 2 of them underwent LT. The neoadjuvant therapy protocol included locoregional
treatment with either stereotactic body radiation or trans-arterial chemoembolization, together with
5-fluorouracil—or capecitabine-based chemotherapy. The inclusion criteria were tumor size < 8 cm
and an absence of extrahepatic metastasis. Among the 18 patients included in the study, 11 dropped
out (6 patients for tumor progression, and five patients for uncontrolled infection and failure-to-thrive).
The recurrence-free survival rate and OS were 80% and 90%, respectively, with a median follow-up of
22.1 months from diagnosis. The definitive role of neoadjuvant therapy before LT, even considering
living donor LT as an alternative to resection, remains to be fully elucidated and currently cannot be
recommended outside of clinical trials.

5. New Frontiers of Systemic Therapies for CCA

In the past decade, CCA genome profiling has been analyzed using high-throughput genomics
and specific CCA clusters with different genetic and copy number alterations, gene expression and
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methylation changes have been identified [93,94]. Two main molecular classes of iCCA were clearly
distinguished: the inflammation class, characterized by activated inflammation pathways, with a better
outcome and the proliferation class, characterized by the activation of many oncogenic pathways,
linked to a worse prognosis [95,96]. All discoveries gave hope for an oncological precision medicine
scenario. However, the wide genetic heterogeneity of CCA and its ability to find alternative escapes
to date have impaired the response to targeted therapies. There are currently many ongoing trials
investigating the efficacy and safety of several promising targeted therapies, especially those combining
different molecules.

5.1. Cytotoxic Chemotherapy

Surgery is the primary curative treatment option for iCCA at an early stage. Nevertheless, due to
the high recurrence rates after resection, effective adjuvant therapy is needed to improve recurrence-free
survival (RFS) [6]. Systemic therapy can be combined with surgery, depending on tumor location,
T and N stage, as well as resection margins. Studies of adjuvant treatment options have historically been
small, retrospective and non-randomized and include patients with all types of biliary tract cancers
(BTC). The PRODIGE study [97] included 194 patients with iCCA (46%), pCCA (8%), dCCA (27%) or
gallbladder cancer (20%). Similar percentages of patients with involved lymph nodes and R0 resection
(> 80%) rates were present in the gemcitabine and oxaliplatin group compared to the surveillance group.
Between the two groups, no significant differences were seen for the primary outcomes, including
RFS at 12 and 24 months. Similarly, Ebata et al. [84] showed no significant difference in RFS or OS in
a study which included patients with extrahepatic CCA (45% hilar, 55% distal). Recently, results from
randomized controlled trials of adjuvant therapy for BTC comparing cytotoxic chemotherapy options
with observation have been reported. The BILCAP study [98], including 447 patients with iCCA
(19%), hilar CCA (29%), gallbladder cancer (18%) or dCCA (35%), found a significant difference in
overall survival in the per-protocol analysis in favor of capecitabine versus no drug (53 months for
capecitabine group and 36 months for controls). According to ASCO 2019, with moderate evidence
quality and moderate strength of recommendation, patients who underwent BTC resection should
receive adjuvant capecitabine chemotherapy for a duration of 6 months [99]. As expected, those patients
with a smaller number of LN involved and margin resection R0, survived longer. The identification of
different subgroups showing different treatment response can be used to design future trials in order
to obtain better results. Regarding patients who cannot undergo surgery for advanced BTC, including
iCCA, the current first-line standard-of-care chemotherapy is the combination of gemcitabine plus
cisplatin (GemCis) or other platinum-based agents [99] with a median survival rate of less than one
year. According to the ABC-02 study [100], patients who received GemCis had a 3-month higher
survival rate than those who were administered gemcitabine alone. These data were confirmed by
other studies [101] and a meta-analysis [102] confirmed these findings. Unfortunately, the addition
of other drugs to GemCis (merestinib or ramucirumab) [103] cediranib [104] and cetuximab [105]
have not had a significant impact on survival rates. The role of second-line chemotherapy remains
unclear [106-108] and only less than 15% of patients are eligible for it, due to rapidly worsening
clinical status. For most patients, active symptom control (ASC) is considered the standard of care
after progression during first-line chemotherapy. However, small prospective and retrospective
studies have shown signs of potential benefits in selected patients [107,108]. The ABC-06 study [109]
randomized patients to ASC alone or ASC with oxaliplatin/5-FU chemotherapy (ASC+mFOLFOX)
for patients with locally advanced/metastatic BTC previously treated with GemCis. ASC+mFOLFOX
improved OS with a clinically meaningful increase in 6 months and 12 months OS rate. In a post
hoc analysis [110] of prospective, randomized trials ABC-01, -02 and -03 including patients with
advanced BTC. These studies explored the role of first-line systemic chemotherapy in advanced BTCs
(cisplatin and gemcitabine vs gemcitabine (ABC-01 and ABC-02) and cisplatin-gemcitabine-cediranib
vs cisplatin-gemcitabine-placebo (ABC-03)). Patients diagnosed with advanced iCCA had a better OS
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compared with other BTCs; a similar trend was identified for patients diagnosed with liver-only iCCA.
These findings should be considered for future clinical trials design.

5.2. Targeted Chemotherapy

The molecular analysis of CCA by next generation sequencing revealed that two-thirds of patients
harbored genomic alterations that could be targeted by specific therapies and therefore, could be
used to select patients for different treatments [111]. One of the most explored mutations in CCA are
fibroblast growth factor receptor (FGFR) fusions, which are present in 11% to 45% of patients according
to different series and may have a high therapeutic impact in the future [112]. In a phase II clinical trial,
a FGFR, BJG398, was used in 61 previously treated patients with advanced or metastatic intrahepatic or
extrahepatic CCA. FGFR rearrangements were present in 48 out of 61 patients. Overall, response rate
was 14.8% (complete + partial response) and overall median progression free survival was 5.8 months,
disease control rate (DCR) was 83.3% with median disease duration of 7 months [113]. Mazzaferro et
al. [114] reported encouraging anti-tumor activity and an acceptable safety profile in patients with
advanced, unresectable iCCA with FGFR2 fusion, who progressed after chemotherapy and treated
with derazantinib, an orally bioavailable, multi-kinase inhibitor with potent pan-FGFR activity.

Recently, data from a multicenter, open-label, single-arm, multicohort, phase 2 study
(FIGHT-202) [115] supported the second-line use of pemigatinib in patients with locally advanced
or metastatic CCA and FGFR2 fusions or rearrangements. The authors showed that 35% of patients
with FGFR?2 fusions or rearrangements achieved an objective response and responses were durable.
No patients with other FGF/FGFR alterations or no FGF/FGFR alterations achieved a response.
Progression-free survival at 6 months was higher in patients with FGFR2 fusions compared to patients
with other or no FGF/FGEFR alterations (62% vs 25% and 6%, respectively). Hyperphosphatemia was
the most common all-grade adverse event irrespective of cause (88 out of 146 patients (60%)), 45%
patients had serious adverse events and 49% of patients died during the study, most frequently because
of disease progression. Overall, some FGFR inhibitors are better than others because of resistance
clone development, as reported by Goyal et al. [116]. Several competing phase III studies using FGFR
vs. GemCis are ongoing in patients with naive and advanced CCA (NCT03656536, NCT03773302,
NCT04093362).

Another specific targetable genetic aberration expressed by CCA is the isocitrate dehydrogenase
(IDH) -1 and -2 mutations [94], the IDH-1 mutation being more common than IDH-2 mutation. IDH-1
mutation is druggable and its inhibitor, AG-120 (ivosidenib), reduced the risk of progression or death
by 63% compared with placebo for pre-treated patients with IDH1-mutant advanced CCA, according to
findings from the global, phase 3, multicenter, double-blind, randomized study of AG-120 (ClarIDHy
study) [117]. The median progression-free survival was 2.7 versus 1.4 months for ivosidenib and
placebo, respectively. Even if there was not a statistically significant improvement in overall survival,
the significant improvement in progression free survival (PFS), the favorable overall survival (OS)
trend and the tolerable safety profile all support the clinical benefit of ivosidenib in patients with
IDH1-mutated CCA. Other IDH-1 and IDH-2 inhibitors (NCT02273739, NCT02381886, NCT02481154)
are currently being tested in ongoing clinical trials.

5.3. Immunotherapy

CCA is a cancer with a rich tumor stroma, so the interest in immunotherapy for CCA has increased
over the last few years [12]. The first experience with immune checkpoint inhibitors (ICIs) in CCA was
the Keynote-028 study [118], a phase 1 multicenter study using pembrolizumab in 24 selected patients
with programmed death-ligand 1 (PD-L1) positive advanced CCA or gallbladder cancer after failure
to respond to standard therapies. They achieved partial response in 17% of patients enrolled in the
study. Bang et al. [119] presented the results from 2 studies, including a cohort of 104 patients with
BTC, without a specific differentiation. More than 50% were PDL-1 positive, and nearly all of them had
proficient mismatch repair (p)MMR). Overall, partial response was achieved in 7% of PD-L1+ patients
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and median PFS and OS of 2 and 7 months, respectively. Le at al. [120] evaluated the efficacy of PD-1
blockade in patients with advanced mismatch repair-deficient solid tumors (dAMMR), including 4 CCA
patients. Objective radiographic responses were observed in 53% of patients, and complete responses
were achieved in 21% of patients with AMMR. As a result, the US FDA approved pembrolizumab
for dAMMR/MSI-high solid tumors in 2017. Even when ICIs are combined with different approaches,
such as chemotherapies, the efficacy is limited. Ikeda et al. [121] reported results from 30 patients
with BTC who received nivolumab and GemCis (iCCA 50%, dCCA 17%, gallbladder cancer 33%).
Partial response was 37% and median OS was 15 months. However, more than 90% of patients
presented grade > 3 of adverse events related to therapy. Another therapeutic approach was to
combine ICIs and a targeted drug. For example, anti-vascular endothelial growth factor receptor 2
(VEGFR-2) monoclonal antibody was used with pembrolizumab in a multicenter phase 1 trial involving
26 patients with different BTCs, showing a very low median PFS of less than 2 months [122]. Similar
PFR was obtained using a combination of ICls, durvalumab (D; anti-PD-L1 mAb) and tremelimumab
(T; anti-CTLA-4 mAb), in a small group of patients with BTC. Median response duration for the D
cohort was 9.7 months, and 8.5 months for the D+T cohort. Median overall survival was 8.1 months
and 10.1 months for the D and D+T cohorts, respectively. One death due to treatment-related adverse
events (drug-induced liver injury) was reported in the D+T groups, none in the D cohort [123]. To date,
the response rate to ICIs is low across the different trials, but durable and more data are needed to
identify those patients who may achieve higher response rates. Among the candidate biomarkers of
response to immune-checkpoint inhibition, the most studied biomarker was PD-L1, as in some tumors
it was associated with sensitivity to ICI treatment. However, PD-L1 quantitation for immunotherapy
response prediction is limited, and there is a need for better response biomarkers [124]. The presence of
tumor-infiltrating lymphocytes (TILs) [125] and immune gene expression signatures represent emerging
predictive biomarkers. In recent years, considerable effort has been made to identify non-invasive
biomarkers with high-throughput omics technologies [126]. An innovative, non-invasive method to
identify diagnostic and prognostic biomarkers could be the liquid biopsy. The detection of circulating
tumor cells, coding mRNA, cell-free DNA, extracellular vesicles (VE) will be crucial on many fronts,
such as early prognosis, prediction of treatment response and chemoresistance. In this perspective,
the earlier the diagnosis of CCA, the higher the chance will be for patients to undergo LR or LT,
achieving excellent survival rates and undoubtedly improving their prognosis.

6. Conclusions

In the era of transplant oncology, LT represents a good option for unresectable pCCA.
The introduction of direct-acting antivirals (DAAs) has surprisingly changed the prognosis of patients
with HCV infection [127]. This efficacy has resulted in a progressive drop in the number of patients listed
for LT, making livers available for other indications. In the context of this new scenario, the dilemma is:
is it correct to use this resource to extend LT indications or should we reduce the discrepancy between
the number of donors and the number of patients enlisted for LT?

LR represents the best treatment for pCCA when RO liver resection is feasible. In unresectable
tumors, the median survival is 15 months compared with LT that can offer an overall 5-year survival
rate of more than 65%; transplantation therefore constitutes the ideal treatment for patients with
unresectable pCCA. Patients with pCCA should be referred to high-volume liver transplant centers.

Unresectable very-early iCCA showed good outcomes after LT, but more data from clinical trials
are needed, including the combination of LT with systemic neoadjuvant regimens.

When the tumor is in an advanced stage and liver resection and liver transplantation are not
feasible, systemic therapy represents the only available treatment for both pCCA and iCCA.

Given that CCA is considered a rare disease, the collaboration of international consortia is needed
(e.g., TIGER-LC, ENS-CCA, Cholangiocarcinoma Foundation) to gather large-scale data.
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