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Abstract

Liver transplantation has emerged as a potential therapeutic option for select patients with intrahepatic
cholangiocarcinoma (iCCA) who are not amenable to curative resection. Recent studies have challenged the
traditional notion that liver transplantation is contraindicated for iCCA, leading to a paradigm shift in its
management. This review provides a comprehensive synthesis of the evidence regarding the role of liver
transplantation in the treatment of very early or advanced iCCA and discusses the key challenges and future
directions in this rapidly evolving field. For patients with cirrhosis and very early iCCA, liver transplantation has
demonstrated excellent long-term survival rates, rivaling those of patients with hepatocellular carcinoma. However,
the current transplantation criteria based on tumor size and number may be overly restrictive, excluding potential
candidates who could benefit from this treatment. The incorporation of tumor markers into selection criteria may
improve prognostic prediction and patient outcomes. In advanced iCCA, liver transplantation remains controversial
but holds promise, especially when combined with neoadjuvant and adjuvant therapies. Donor organ scarcity
necessitates the consideration of living donor liver transplantation as an alternative, while strategies such as
utilizing marginal donors and exploring xenotransplantation offer potential solutions to address the shortage of
donor livers. Overall, the evolving understanding of iCCA and the development of novel treatment strategies
promise to refine and enhance the role of liver transplantation in the management of this challenging malignancy.
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INTRODUCTION

In recent years, the landscape of liver transplantation for treating intrahepatic cholangiocarcinoma (iCCA)
has undergone significant changes. iCCA, a primary liver malignancy, constitutes the second most common
form of liver cancer, accounting for 10%-15% of all primary liver malignancies"”. Its incidence has
consistently risen worldwide, posing a considerable challenge to healthcare systems'*. Despite advances in
surgical techniques and systemic therapies, the prognosis for patients with iCCA remains unfavorable,
particularly for patients who cannot be a candidate for curative resection due to background liver cirrhosis
or advanced stages of the disease>. Liver transplantation has emerged as a potential therapeutic option for
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a subset of these patients, offering an opportunity for long-term survival and improved quality of life!

Traditionally, liver transplantation has been considered a contraindication for iCCA, due to the high
recurrence rates and poor post-transplant outcomes associated with this malignancy"*"'. Nonetheless,
accumulating evidence from recent studies has led to a paradigm shift in the management of iCCA, with
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liver transplantation increasingly recognized as a viable option for select patients™. This change has been
driven primarily by the identification of acceptable post-transplant outcomes in incidentally discovered
small iCCA in explant pathology!”, as well as the development of effective neoadjuvant treatment capable of
controlling advanced iCCA".

However, the role of liver transplantation in the management of very early or advanced iCCA remains a
subject of ongoing debate and investigation. While two studies have reported encouraging outcomes
following transplantation for early-stage iCCA""*, there are concerns about the potential risk of tumor
recurrence and the allocation of scarce donor organs to this patient population. Moreover, the optimal
selection criteria and treatment strategies for patients with advanced iCCA have yet to be established. In this
context, this review aims to provide a current synthesis of the evidence regarding the role of liver
transplantation in managing very early or advanced iCCA, as well as to discuss the key challenges and
future directions in this rapidly evolving field.

LIVER CIRRHOSIS PATIENTS WITH INTRAHEPATIC CHOLANGIOCARCINOMA

Liver cirrhosis, a consequence of chronic liver injury, is characterized by fibrosis, nodule formation, and
subsequent loss of liver function, predisposing patients to the development of primary liver malignancies'"”.

iCCA is known to arise in the context of liver cirrhosis in a subset of patients, with the prevalence of
cirrhosis in iCCA patients ranging from 20% to 50%">'*. The population of liver cirrhosis patients with
iCCA exhibits specific characteristics in terms of etiology, clinical presentation, and prognosis compared to
non-cirrhotic patients with iCCA. The etiology of liver cirrhosis in iCCA patients is often multifactorial,
with several risk factors contributing to its development. Common etiologies include chronic viral hepatitis
(hepatitis B and C), alcohol-induced liver disease, nonalcoholic steatohepatitis (NASH), primary sclerosing
cholangitis (PSC), and certain metabolic disorders"*'. Viral hepatitis, in particular, has been identified as a
significant risk factor for iCCA in cirrhotic patients"”.

Differentiating hepatocellular carcinoma (HCC) and iCCA in a cirrhotic liver poses a diagnostic challenge.
The mainstay for this diagnosis hinges on imaging techniques. HCC, which originates from hepatocytes,
often demonstrates an arterial enhancement pattern. In contrast, iCCA, stemming from hepatic
parenchyma and showcasing desmoplastic features, relies primarily on the portal system for its blood
supply. Consequently, iCCA is often characterized by a peripheral rim-like contrast enhancement during
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arterial and portal phases, with a more attenuated center during the delayed phase!*".
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Due to the challenges in diagnosis, a growing number of patients undergoing liver transplantation because
of end-stage liver disease or suspected HCC have either HCC or iCCA upon pathological examination,
potentially impacting patient outcomes negatively and leading to the suboptimal utilization of scarce
organs™. In light of the increasing recognition that iCCA is more prevalent than previously believed, it may
be prudent to place greater emphasis on liver biopsy for the pre-liver transplantation diagnosis of iCCA.
This is especially pertinent for nodules emerging in cirrhosis that do not exhibit typical contrast
enhancement patterns in imaging studies.

LIVER RESECTION FOR LIVER CIRRHOSIS PATIENTS WITH INTRAHEPATIC
CHOLANGIOCARCINOMA

Liver resection is considered a potentially curative treatment for iCCA in patients with preserved liver
function, and it remains the first-line therapeutic option for liver cirrhosis patients with iCCA®"*?. The
indication for liver resection in these patients is determined by several factors, including the extent of
cirrhosis, the presence and severity of portal hypertension, the patient's overall performance status, and the
location and size of the tumor®**. A comprehensive assessment of liver function, typically using the Child-
Pugh classification and the Model for End-stage Liver Disease (MELD) score, is crucial for determining the
patient's suitability for liver resection'®.

In patients with well-compensated cirrhosis (Child-Pugh class A) and without clinically significant portal
hypertension, liver resection can be safely performed with acceptable perioperative outcomes™'. However,
patients with more advanced cirrhosis (Child-Pugh class B or C) or significant portal hypertension are at a
higher risk of postoperative complications, including liver failure, and may not be considered suitable
candidates for liver resection. Recent advances in surgical techniques, such as laparoscopic and robotic
approaches, may contribute to reduced surgical morbidity and improved outcomes in selected patients™.

The surgical outcomes of liver resection for liver cirrhosis patients with iCCA have been shown to be
influenced by various factors, such as the extent of liver resection, the presence of microvascular invasion,
node metastases status, and the tumor differentiation grade’. Although liver resection can provide
favorable long-term survival rates in well-selected patients, tumor recurrence remains a significant
challenge™. The reported 5-year overall survival rate after liver resection for iCCA in patients with liver
cirrhosis is approximately 20%"**'. The strategy of salvage liver transplantation, which involves conducting
a liver transplant after hepatectomy if cancer recurs, is a concept worth exploring. However, in the context
of iCCA and donor scarcity, further comprehensive investigations are needed to establish the efficacy and
survival benefit of this approach. Moreover, patients with cirrhosis may encounter a higher risk of
postoperative complications, such as liver decompensation, bleeding, and infection, in comparison to non-
cirrhotic patients"!. Liver resection represents a viable therapeutic option for well-selected liver cirrhotic
patients with iCCA. On the other hand, numerous decompensated cirrhosis patients with iCCA lack
curative treatment options, even if the tumor is small enough to have a favorable prognosis if completely
removed.

PROGNOSIS OF UNRESECTABLE ICCA PATIENTS

Owing to multiple intrahepatic lesions, local infiltration, lymph node involvement, and distant metastases, a
considerable number of patients are not eligible for operative procedures'*'. Reportedly, approximately
60%-70% of iCCA patients present with conditions that are unresectable'”. Without any form of treatment,
the median survival time for patients with unresectable iCCA ranges from 2.5 to 7.5 months"". The first-
line chemotherapy for unresectable iCCA, typically comprising gemcitabine and cisplatin, demonstrates
limited effects on overall survival (OS)"*. Although a prior study indicated that GEMOX (gemcitabine
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combined with oxaliplatin) chemotherapy was the recommended treatment for cholangiocarcinoma
patients, its response rate was 21.4%, with the median recurrence-free survival (RFS) and OS time of 2.5 and

¥l Data on chemotherapy for iCCA are limited, derived from case series and

14.5 months, respectively
retrospective studies with varied results due to the restricted sample size and absence of control groups. The
effectiveness and appropriateness of these treatments are largely dictated by factors such as the patient’s
overall health status, tumor characteristics, and response to therapy. Additionally, patients with iCCA
confront additional challenges regarding chemotherapy due to the heightened risk of treatment-related

toxicity and reduced OS"®.

Recently, immunotherapies, particularly immune checkpoint inhibitors, have shown promise in treating
advanced iCCA. Checkpoint inhibitors, such as pembrolizumab and nivolumab, have exhibited durable
responses and enhanced survival outcomes in patients with unresectable or recurrent biliary tract cancer™.
These agents may offer a potential bridge to transplantation or even serve as adjuvant therapy in
combination with liver transplantation. Recent studies have reported successful liver transplantation cases
following neoadjuvant immunotherapy in patients with advanced iCCA, suggesting a potential role for this

approach in the management of selected patients™’.

Beyond immune checkpoint inhibitors, adoptive cell therapies such as natural killer (NK) cells and chimeric
antigen receptor T (CAR-T) cells have emerged as promising immunotherapeutic strategies for advanced
iCCA. Combing liver transplantation with adoptive cell therapies may improve patient outcomes by
augmenting immune surveillance and targeting residual cancer cells'*"*?. Additional research is required to
ascertain the safety and efficacy of this combined approach in advanced iCCA patients'*”.

Meanwhile, therapies that target the local region, such as radiofrequency ablation (RFA), transarterial
chemoembolization (TACE), and stereotactic body radiation therapy (SBRT), have demonstrated some
promise in the treatment of unresectable iCCA"**!. A multi-center retrospective study revealed that 25% of
patients with advanced iCCA achieved complete or partial response after intra-arterial embolization therapy
(IAET), and 61% achieved disease stability”. The median survival duration for this cohort was 13.2 months,
with 1, 3, and 5-year OS of 54.0%, 22.2%, and 16.2%, respectively. Meanwhile, a study that compared
outcomes in incidental iCCA patients who underwent either IAET or RFA to those who did not indicates
that locoregional therapies developed for HCC are not significantly effective treatments for iCCA".

Retrospective studies suggest that tumor size is a key determinant of RFA effectiveness and patient
outcomes in iCCA, as one study found RFA ineffective on lesions larger than 4 cm™*. A significant
proportion of iCCA-related deaths occur due to local and locoregional progression rather than distant
metastases. Despite their potential to provide local tumor control and extend survival in selected cases, they
are not curative and might be associated with significant complications. Unresectable iCCA patients who
are not suitable for chemotherapy or locoregional therapies may be managed with palliative care!*”. The
current treatment strategy for iCCA is depicted in Graphical Abstract.

LIVER TRANSPLANTATION FOR VERY EARLY ICCA IN PATIENTS WITH CIRRHOSIS

Liver transplantation has been demonstrated to provide survival benefits for patients with early-stage iCCA
in the setting of cirrhosis'*’. A recent investigation identified that a subset of cirrhotic patients with very
early iCCA, denoted by a single tumor < 2 cm, attained an impressive 5-year survival rate of up to 73%
following liver transplantation. The recurrence rate of these early-stage iCCAs over five years was as low
as 18%, in contrast to 65% for advanced iCCAs comprising multiple or larger tumors (> 2 cm)®.
Consequently, liver transplantation should not be ruled out for patients with a single iCCA less than 2 cm,
as their long-term prognosis may align with that of HCC patients. However, the current criteria for
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transplantation, primarily based on tumor size and number, may be overly restrictive, disqualifying some
patients who could potentially benefit from this treatment. Additionally, the risk of recurrence post-
transplantation remains a concern, underscoring the need for more robust selection criteria®. One potential
approach for expanding the indications for liver transplantation in early iCCA could involve initially
targeting smaller tumors, such as those measuring 2 cm or less. This would facilitate the gradual
incorporation of criteria to encompass multiple tumors (up to two) or solitary tumors measuring up to 3 or
4 cm with low tumor marker levels (i.e., carbohydrate antigen 19-9).

The Milan Criteria, which have been widely adopted for determining liver transplant eligibility in HCC,
concentrate primarily on tumor morphology. However, this approach may be insufficient for iCCA, as
tumor biology plays a pivotal role in determining prognosis and the risk of recurrence following
transplantation. Potential candidates for tumor biology markers include molecular profiling, immune cell
infiltration, and the tumor microenvironment. Integrating these factors into the selection criteria could
result in more accurate prognostic predictors and improved patient outcomes'*..

LIVER TRANSPLANTATION FOR ADVANCED ICCA

Historically, liver transplantation has been regarded as a high-risk treatment option for advanced iCCA due
to elevated rates of tumor recurrence and suboptimal OS outcomes. In contrast, perihilar CCA (phCCA) is
now increasingly recognized as an indication for liver transplantation under the Mayo Protocol*”!. In early
efforts at liver transplantation for CCA, the specific subtypes were often not distinguished, which included
iCCA in the transplantations. However, the results remained disappointing until the introduction of
neoadjuvant protocols, such as the Mayo Protocol applied solely to phCCA. Studies that incorporate
neoadjuvant therapy before liver transplantation, similar to the Mayo Protocol, are currently limited to
small case series. In general, it can be inferred that while liver transplantation can enhance outcomes
compared to palliative therapy for unresectable iCCA, the outcomes, compared to transplantation for other
indications, including phCCA, are presently inferior, albeit evidence remains limited. Nevertheless, recent
promising studies suggest that liver transplantation may be a viable option for patients with non-resectable
iCCA. An exploratory study by Hong et al. analyzed the data from patients who received liver transplants
for locally advanced iCCA to identify potential beneficiaries”™, revealing that patients in the group without
any predictive recurrence factors (e.g., multiple tumors, perineural invasion, invasive growth patterns,
absence of neoadjuvant and adjuvant therapy, and lymphovascular invasion) could achieve a high 5-year
RFS rate of up to 78%. Liver transplantation appeared to provide superior RFS compared to radical liver
resection accompanied by bile duct resection in cases of locally advanced iCCA"". Notably, transplant
patients who underwent neoadjuvant and adjuvant treatment demonstrated a more pronounced survival
advantage (5-year RFS: 47% vs. 20%). In a recent prospective study, six patients with non-resectable locally
advanced iCCA who demonstrated at least 6 months of stable or regressing disease after neoadjuvant
chemotherapy underwent liver transplantation”. The median duration of follow-up for transplant
recipients was 36 months, with 5-year OS and RFS rates of 83.3% and 50%, respectively. Nonetheless, liver
transplantation following a regimen of gemcitabine and cisplatin should be reserved for highly selected
cases only.

DONOR LIVER FOR LIVER TRANSPLANTATION FOR ICCA

The demand for donor livers far exceeds the available supply, resulting in patients with HCC and other
malignancies often encountering extended waiting times for transplantation'™’. This scarcity is particularly
problematic in transplant oncology, as patients with advanced-stage cancers may have a limited timeframe
before their disease progresses beyond the point where transplantation remains a viable option. Studies have
suggested that hepatectomy and liver transplantation show comparable postoperative outcomes and
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survival rates in patients with iCCA"". Consequently, given the considerable resources and the requirement
for chronic immunosuppression associated with transplantation, the option of liver resection should be
given serious consideration, particularly in cirrhotic patients with well-preserved liver function. Living
donor liver transplantation (LDLT) is an alternative to deceased donor liver transplantation that can help
alleviate the organ shortage. In LDLT, a healthy living donor donates a portion of their liver to the recipient,
allowing both the donor’s and recipient’s livers to regenerate to near-normal size and function””. Although
LDLT has been successfully utilized in patients with HCC, its application in iCCA patients remains limited
and warrants further investigation. A 2021 meta-analysis by Ziogas et al. indicated that merely 6.6% of all
liver transplantations for iCCA were performed with LDLT". LDLT should only be considered when the
potential risk to the donor can be justified by a reasonable outcome for the recipient. As the outcome for the
donor improves, even after right-sided hepatectomy, an ideal 5-year OS post-liver transplantation of 83.3%,
as reported by Lunsford et al., can be justified”. Given the low median OS of 10.3 months for patients with
advanced cholangiocarcinoma, LDLT could be a valuable option for tumors otherwise deemed non-
resectable™”. Strategies to expand the donor pool include the utilization of marginal donors, such as
donation after circulatory death (DCD) livers, aged donors, or donors initially discarded but subsequently
recovered using machine perfusion techniques™. Additionally, donors with a history of cancer and
moderate/high transmission risks, such as neuroblastoma, breast cancer, and colon cancer, could be
considered in select cases'®.

Xenotransplantation, the transplantation of organs from animals to humans, is an emerging field with the
potential to address the shortage of donor livers. Preclinical studies have demonstrated the feasibility of
employing pig livers for transplantation; however, significant immunological and ethical challenges must be
overcome before implementing this approach in clinical practice!.

Patients with iCCA face unique challenges within the context of liver transplantation, as they often fail to
meet traditional criteria for transplantation based on tumor size and number. The use of exception points,
which grant additional priority on the waiting list to patients with specific medical conditions, could help to
address these challenges and ensure that iCCA patients have access to transplantation when appropriate'®..

CONCLUSION

The prognosis of iCCA remains challenging due to the complexity and aggressiveness of the disease. While
liver transplantation provides a potentially curative option for a select group of patients with early-stage
iCCA, particularly those with liver cirrhosis, its application in advanced iCCA lacks robust evidence.
Notably, studies suggest that integrating neoadjuvant and adjuvant therapies may improve post-transplant
outcomes, opening avenues for further research. However, in the context of donor scarcity, careful
evaluation and balance of risk and benefit become paramount. The evolving understanding of iCCA and the
continual development of novel treatment strategies promise to refine and enhance the current therapeutic
landscape.
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