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Simple Summary

Historically, liver transplantation was indicated for patients with cirrhosis and hepatocellular
carcinoma. Over the last decade, carefully selected patients with colorectal liver metastases, perihilar
cholangiocarcinoma, and intrahepatic cholangiocarcinoma have achieved long-term survival after
liver transplantation that approaches outcomes of traditional indications. In this narrative review we
discuss the key data including the Oslo SECA I-II series, the randomized TransMet trial for colorectal
liver metastases, the Mayo Clinic protocol for perihilar cholangiocarcinoma, and prospective work
from the Houston Methodist-MD Anderson collaborative group in intrahepatic cholangiocarcinoma
into practical selection criteria, peri-transplant therapy strategies, and post liver transplantation
management considerations to guide clinicians and researchers.

Abstract

Liver transplantation has emerged as a curative treatment option for selected patients with
unresectable hepatic malignancies beyond hepatocellular carcinoma, marking a paradigm shift in
transplant oncology. For colorectal cancer liver metastases (CRLM), prospective trials have
demonstrated that highly selected patients achieve 5-year overall survival rates of 60-83%, with the
Oslo score identifying optimal candidates for transplantation. Perihilar cholangiocarcinoma (pCCA)
has been successfully treated using strict patient selection criteria combined with neoadjuvant
therapy, achieving 5-year survival rates of 50-68%, though emerging data suggests chemotherapy-
based approaches may be preferable to radiation in selected cases. Intrahepatic cholangiocarcinoma
(iCCA), previously considered a contraindication to transplantation, can now achieve excellent long-
term outcomes (79.5% 5-year overall survival) in patients demonstrating sustained response to
neoadjuvant chemotherapy and radioembolization, with metabolic tumor volume <70 cm? serving as
an objective prognostic marker. Across these three emerging indications, successful outcomes
depend on strict patient selection based on tumor biology, intensive multimodal neoadjuvant
therapy, multidisciplinary evaluation in high-volume centers, and careful observation during
treatment to exclude patients with aggressive disease. This evolution in transplant practice offers
curative-intent therapy to patients that previously only had palliative therapeutic options,
fundamentally transforming hepatobiliary and oncologic surgery.
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1. Introduction

Liver transplantation has long been recognized as the only potentially curative treatment for
end-stage liver disease and, since the landmark Milan criteria were established in 1996, for patients
with early-stage hepatocellular carcinoma (HCC) [1]. The Milan criteria—which limit transplantation
to patients with a single tumor <5 cm or no more than three tumors each <3 cm—became the
international gold standard for HCC selection and remain associated with 5 years overall survival
rates between 60-80% and 5-year recurrence rates below 10% [2]. However, the application of
transplantation to other primary and secondary hepatic malignancies has historically been cautious,
with three major oncologic indications—colorectal cancer liver metastases (CRLM), perihilar
cholangiocarcinoma (pCCA), and intrahepatic cholangiocarcinoma (iCCA)—long considered
absolute or relative contraindications due to poor outcomes, high recurrence rates, and concerns
regarding allocation of scarce donor organs [3].

The evolution toward transplant oncology has been driven by several critical insights. First,
reconginzing that poor outcomes were not inherent to transplantation itself but rather resulted from
inappropriate patient selection, with early series including patients with extrahepatic metastases,
vascular invasion, and advanced disease [1,4]. Second, the development of effective neoadjuvant
chemotherapy regimens—particularly gemcitabine-cisplatin for cholangiocarcinoma and modern
multiagent regimens for colorectal cancer —created the opportunity to assess tumor biology through
response to therapy [5,6]. This “test of time” principle, rooted in observations by Scheele and Wagner
regarding colorectal disease progression on chemotherapy, allowed identification of patients with
favorable tumor biology and those destined for rapid recurrence [7,8]. Third, advances in surgical
technique, immunosuppression, perioperative management, and living-donor transplantation
improved overall transplant outcomes, making pursuit of novel oncologic indications increasingly
feasible. Finally, recognition that the liver possesses unique immunobiological properties, including
potential immune tolerance mechanisms and the capacity to control certain malignancies through
transplant-related effects—suggested that liver transplantation might confer advantages beyond
simple surgical resection.

Machine perfusion has emerged as a critical technology to expand organ availability in liver
transplantation by enabling safe utilization of extended criteria donor livers that would otherwise be
discarded. Unlike traditional static cold storage, which provides only passive preservation and
allows progressive graft injury during ischemia, machine perfusion continuously circulates
oxygenated preservation solutions through the donor organ, maintaining metabolic function and
mitigating ischemia-reperfusion injury. Both hypothermic and normothermic perfusion strategies
allow dynamic organ reconditioning, real-time viability assessment via perfusate biomarkers (lactate,
bile production, oxygen consumption), and targeted therapeutic interventions, thereby substantially
increasing transplant rates by 5-10% annually while reducing discard rates for high-risk organs
including donation after circulatory death livers, elderly donors, and steatotic grafts [9,10]. Clinical
evidence demonstrates that machine perfusion significantly reduces early allograft dysfunction,
ischemic cholangiopathy, and other ischemia-reperfusion-related complications compared to static
cold storage alone, making it essential for maximizing organ availability and improving transplant
outcomes in the setting of persistent organ shortage [11].

2. Colorectal Liver Metastases

Colorectal cancer (CRC) is the third most common cancer and the second leading cause of
cancer-related mortality in the USA [12]. Screening colonoscopy plays a pivotal role in the detection
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of earlier stages of CRC. However, still 50% of the patients diagnosed with CRC will develop
metastatic disease, with liver being the most common metastatic site [13].

For Colorectal Liver Metastases (CRLM) that is not amenable to local therapy, systemic therapy
is the standard of care that extends median overall survival (OS) to ~24-36 months, but 5-year OS in
unresectable disease remains ~10-15% [14]. Currently, liver resection (LR) remains a treatment of
choice for patients with technically resectable see CRLM, achieving a 5- and 10-year overall survival
(OS) of 44%-50% and 24%-33%, respectively; nevertheless, recurrence rates are high, and only 20%
are cured [15]. First recurrence typically is intrahepatic only in 43%, extrahepatic only in 36% and in-
tra- and extra-hepatic in 21% [16]. Liver transplantation for unresectable CRLM has emerged as a
promising therapeutic option following decades of abandonment due to historically poor outcomes.
Since the pioneering work from Oslo, Norway beginning in 2006, a growing body of evidence from
prospective trials, registries, and single-center experiences has demonstrated that highly selected
patients can achieve survival outcomes comparable to established transplant indications (Table 1.).

The foundation of modern liver transplantation for CRLM was established through the Oslo
University Hospital’s Secondary Cancer (SECA) trial series. The SECA-I trial (2013) represented the
first prospective study demonstrating feasibility of liver transplantation for this indication. This pilot
study enrolled 21 patients with unresectable, liver-only colorectal metastases who underwent
deceased donor liver transplantation. Despite a concerning disease-free survival of 0% at 2 years, the
overall survival was remarkably 60% at 5 years. Disease-free survival (DFS) at 1 year was about 35%.
All patients who were followed beyond 11 months post-transplant experienced disease recurrence,
resulting in a 100% recurrence rate eventually. The high recurrence rate was predominantly
characterized by slow-growing pulmonary metastases that were amenable to curative resection,
suggesting that recurrence patterns after transplantation differ fundamentally from those after liver
resection [17].

Building on lessons learned from SECA-I, the SECA-II trial implemented more stringent
selection criteria including at least 10% response to chemotherapy, a minimum 1-year interval
between primary tumor diagnosis and transplant listing, and liver-only disease confirmed by PET-
CT. The 15 patients in SECA-II achieved a 5-year overall survival of 83% and disease-free survival of
35%, representing a substantial improvement over SECA-I [18]. These patients had significantly
lower tumor burden, smaller lesions, and lower carcinoembryonic antigen (CEA) levels compared to
SECA-I participants. A sub-study, SECA-II Arm D, evaluated 10 patients using extended criteria for
donors, demonstrating that marginal grafts could be safely utilized for this indication [19].

The Oslo group subsequently published long-term outcomes from 61 transplanted patients,
reporting a 5-year overall survival of 50% for all patients, with those having an Oslo Score of 0-2
achieving 63.5% survival compared to only 8.3% for scores 3-4. These data established the Oslo Score
as a critical prognostic tool and validated that patient selection based on favorable tumor biology
could yield outcomes comparable to conventional transplant indications [20,21].

In a recent publication from the Oslo group, they retrospectively compared 10 patients with
recurrent, liver-only CRLM who underwent LT with 43 patients who underwent repeat LR. The
primary endpoint was 5-year OS; secondary endpoints were DFS and survival after recurrence (SAR).
Five-year OS was significantly higher with LT than LR—90% (95% CI, 55.5%-99.7%) vs. 44% (95% CI,
29.1%-60.1%); P = 0.013. Recurrence occurred in 6 of 10 LT patients (median SAR, 116.6 months; 95%
CI, 42.8-190.4) and in 32 of 43 LR patients (median SAR, 26.1 months; 95% CI, 21.4-30.7; P = 0.026).
These results indicate significantly improved long-term OS and SAR with LT compared with repeat
LR in patients with liver-only recurrent CRLM after prior hepatectomy [22].

The TransMet trial represents a watershed moment in transplant oncology as the first
multicenter, prospective, randomized controlled trial directly comparing liver transplantation plus
chemotherapy versus chemotherapy alone for permanently unresectable CRLM. Conducted across
20 European centers in three countries, the trial enrolled 94 patients between 2016 and 2021 [23]. The
selection process involved validation by an independent multidisciplinary expert committee,
ensuring only truly unresectable cases with favorable biology were included. In the intent-to-treat
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analysis, the 5-year overall survival was 56.6% for the transplantation plus chemotherapy arm versus
12.6% for chemotherapy alone (P=0.0003). The per-protocol analysis revealed even more impressive
results: 73.3% 5-year survival for transplanted patients compared to 9% for chemotherapy alone. The
median progression-free survival was 17.4 months versus 6.4 months respectively. Notably, 19% of
patients allocated to transplantation experienced disease progression while awaiting organs,
highlighting the critical need for prioritized allocation. The trial demonstrated that 74% of
transplanted patients who developed recurrence had lung metastases, many of which were amenable
to further curative treatment [23].

The University of Toronto group established one of the first North American living donor liver
transplantation (LDLT) protocols for unresectable CRLM (NCT02864485). Their prospective clinical
trial, initiated in October 2016, assessed 81 referred patients through February 2023, with 7 receiving
LDLT, 22 undergoing resection after downstaging, and 48 serving as controls. The LDLT group
demonstrated superior recurrence-free survival compared to resection (1-year: 85.7% vs. 11.4%; 3-
year: 68.6% vs. 11.4%, P=0.012), though overall survival did not differ significantly. The median time
from initial assessment to transplantation was 15.4 months, reflecting careful patient selection and
donor evaluation [24].

The University of Rochester program reported the largest single-center North American
experience with LDLT for CRLM, involving 23 patients represetning 10-15% of evaluated patients
and met selection criteria. The protocol restricted transplantation to patients with liver-only,
radiologically unresectable CRLM who have undergone resection of the primary tumor, achieved
sustained response or stable disease on modern systemic and/or liver-directed therapies, and
demonstrate favorable tumor biology as reflected by low Oslo and Clinical Risk Scores and absence
of extrahepatic disease on comprehensive staging, including PET imaging. The study demonstrated
safety and feasibility with overall survival proportion of 100% and 91% at 1 and 3 years and a
recurrence-free survival proportion of 100% and 40% at 1 and 3 years, respectively [25].

In a recent prospective study from the Mayo Clinic Florida group evaluated the feasibility and
outcomes of deceased donor liver transplantation in 12 patients with (CRLM) using strict selection
criteria and advanced graft perfusion protocols. The median time from listing to transplant was 31
days (range: 3-115 days). Donor livers were marginal —most were donation after circulatory death —
and all but two underwent machine perfusion. Post-transplant outcomes demonstrated a median
hospital stay of 5 days with no cases of primary nonfunction, post-reperfusion syndrome, acute
kidney injury, hepatic artery thrombosis, or ischemic cholangiopathy. At a median follow-up of 413
days, both patient and graft survival rates reached 100%. Disease recurrence occurred in three
recipients (25%), with evidence of disease control in one following additional therapy. These findings
corroborate European data, suggesting that DDLT for strictly selected CRLM patients is clinically
effective, offering excellent short-term survival and manageable recurrence rates, provided that rapid
organ access and advanced perfusion capabilities are available [26].

In their recent study assessing outcomes for adult patients who underwent LT for CRLM in
North America between 2020 and 2025, the ARTx-Onc group included 94 patients across 14 centers,
predominately male (65%), with a median age of 50 years. Most primary tumors originated in the
rectosigmoid colon, and the majority had synchronous (80%) and node-positive (N1, 43%) disease at
diagnosis. At the time of LT, carcinoembryonic antigen (CEA) had decreased to a median of 3 ng/mL
from 35 ng/mL at CRLM diagnosis, reflecting good tumor control. Genetic variants included KRAS
in 29%, TP53 in 23%, and BRAF in 5%. The median Oslo score at LT was 1, with 12% having
progressive disease despite therapy. Patients underwent intensive pre-LT therapy: all had
chemotherapy (median duration 19 months), 40% underwent prior liver resection, 23% received
hepatic artery infusion pumps, and various ablative therapies were common. Graft sources included
living donors (67%), standard donation after brain death (17%), and extended criteria or donation
after circulatory death (16%). Postoperative outcomes showed a high rate of complications (56% had
Clavien-Dindo grade III or higher), but 1-, 3-, and 5-year overall survival rates were strikingly
favorable at 97.6%, 77.6%, and 67.7%, respectively. Recurrence-free survival at the same intervals was

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1952.v1

5 of 16

66.6%, 44.9%, and 44.9%, with most recurrences being pulmonary (31%) or hepatic (13%). Median
survival after recurrence was nearly 2 years. At last follow-up (median 19 months), 87% of recipients
were alive [27].

Rasschaert et al. recently presented the first multicenter outcomes from the Belgian national liver
transplant protocol for unresectable CRLM. The cohort of 29 patients, transplanted after a median of
13 months of chemotherapy, achieved a 2-year overall survival (OS) of 90.1% and recurrence-free
survival of 54.8%. Although 11 recurrences were observed (predominantly pulmonary), the median
OS post-recurrence was 26.5 months, indicating favorable biology. The Belgian protocol harmonizes
selection across all six centers, mandating stable disease for 6 months and an 8-week chemotherapy-
free “test of time” to exclude rapid progressors. With 28 MELD points upon listing, the program
anticipates approximately 15 transplants annually [28].

The COLT trial (Colorectal cancer: improving Outcome with Liver Transplantation) is an
ongoing multicenter, non-randomized, prospective parallel trial conducted across multiple Italian
centers (NCT03803436). The study includes hyperselected patients with liver-limited unresectable
CRLM who are RAS and BRAF wild-type with curatively resected primary colon cancer. Outcomes
are prospectively compared 1:5 with matched cohorts from the TRIPLETE trial of triplet
chemotherapy plus anti-EGFR antibodies. The trial predicts a 40% gain in 5-year overall survival
(70% vs. 30%) for the transplant arm [29]. The COLT trial has contributed to developing the
LITORALE protocol, a standardized patient selection system implemented in Italian transplant
centers, which has demonstrated improved post-transplant outcomes [30].

The SOULMATE study (Swedish study Of Liver transplantation for isolated colorectal cancer
liver Metastases not suitable for operAtion or ablaTion comparEd to best established treatment)
(NCT04161092), is a randomized controlled trial evaluating whether liver transplantation with
extended criteria donor grafts increases overall survival compared to best established treatment. This
study specifically examines the use of extended criteria donors, including donation after circulatory
death donors, to minimize impact on the standard transplant waiting list. The use of extended donor
criteria will make the results globally applicable, as most countries face organ shortage [31].

2.1. Selection Criteria and Prognostic Scoring Systems

Multiple scoring systems and selection criteria have been developed and validated to identify
optimal transplant candidates.

The Oslo Score incorporates four negative predictive factors for overall survival; each assigned
one point: maximal diameter of largest lesion >5.5 cm; pre-transplant CEA >80 ug/L; progressive
disease on chemotherapy; and interval from diagnosis to transplant <2 years. Patients with Oslo Score
0-2 demonstrated median overall survival of 151.6 months and 5-year survival of 75.4%, compared
to 50.8 months and 39.7% respectively for scores 3-5. The Oslo Score has been validated across
multiple studies and centers [20,21].

Originally developed for liver resection, the Fong Clinical Risk Score evaluates five factors: node-
positive primary tumor, disease-free interval <12 months, >1 tumor, size >5 cm, and CEA >200 ng/ml.
In the transplant setting, patients with Fong scores 0-2 demonstrated significantly longer disease-free
survival than those with scores 3-4. The score has been extensively validated and correlates more
closely with outcome than tumor number alone (12 =0.92 vs. 0.80 for 5-year survival) [23,32].

Metabolic tumor volume (MTV) assessed by PET-CT represents total tumor metabolic activity.
A cut-off of 70 cm? has been validated, with MTV-low patients achieving median overall survival of
68 months. Several high-volume US centers have incorporated MTV thresholds into their selection
criteria [20,33].

The International Hepato-Pancreato-Biliary Association (IHPBA) and Organ Procurement &
Transplantation Network (OPTN) published consensus guidelines in 2021 providing a
comprehensive framework for liver transplantation in unresectable CRLM. These guidelines
standardize nomenclature and define management principles across five key domains: patient
selection, evaluation of biological behavior, graft selection, recipient considerations, and outcomes.
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The guidelines recommend considering transplant only when metastases are unresectable by
standard, complex, or combinatorial liver-directed approaches. Notably, current IHPBA guidelines
do not exclude patients with right-sided primaries or KRAS mutations, though these factors carry
prognostic significance [34]. The Organ Procurement and Transplantation Network guidelines define
how candidates with liver tumors can be listed, prioritized, and re-prioritized through standardized
and non-standard MELD exception pathways, so that tumor related urgency (e.g., dropout risk) is
incorporated into allocation when it is not captured by calculated MELD [35].

2.2.Key Prognostic Factors and Patient Selection

Primary tumor laterality significantly impacts outcomes. Right-sided primary tumors are
associated with substantially worse prognosis, with 5-year overall survival of 10% versus 60.1% for
left-sided tumors (P’<0.001) in Oslo analysis. Some centers require extended observation periods (e.g.,
18 months) for right-sided or KRAS-mutated tumors, achieving 3-year survival rates up to 91% with
this approach [29,36]. Carcinoembryonic antigen (CEA) level <80 ug/L is associated with improved
progression-free and overall survival across multiple studies. Tumor size with largest lesion <5.5 cm
is incorporated into multiple scoring systems and represents an important selection criterion [21,37].
RO resection of the primary tumor is required in virtually all protocols. Primary tumor T-stage <T3
and N-stage <N2 are preferred in some protocols. Nodal status of the primary tumor carries
prognostic significance, with higher N-stage associated with worse outcomes [37].

BRAF mutation status is considered an exclusion criterion in most contemporary protocols
including TransMet. RAS mutation status influences prognosis, with KRAS wild-type patients
preferred, though KRAS alteration is not universally excluded [38,39]. A recent molecular analysis
revealed that KRAS/TP53 co-mutations were significantly associated with worse outcomes [40].
Microsatellite instability (MSI-high) and mismatch repair deficiency (dMMR) are considered
exclusion criteria in current protocols as these tumors are potentially curable with immune
checkpoint inhibition (ICI) and use of ICl is a contraindication in posttransplant recurrent setting [41—
43].

Response to pre-transplant chemotherapy is universally recognized as a key predictor of long-
term outcomes. The SECA-II protocol required at least 10% response to chemotherapy, while other
protocols specify stable or responding disease. Duration of pre-transplant chemotherapy ranges from
6-12 months in most protocols, allowing adequate assessment of tumor biology while minimizing
treatment-related toxicity [18,37]. The optimal timing of transplantation is not known.

Role of circulating tumor DNA (ctDNA) monitoring before liver transplantation is not yet
established but it may be an emerging tool for patient selection, prognostication and surveillance. In
a small series of 5 liver transplant recipients for CRLM, 3 of 4 patients with positive pre-transplant
ctDNA achieved ctDNA clearance post-transplant and remained disease-free, suggesting that pre-
transplant ctDNA positivity alone may not preclude successful transplantation [44]. Post-transplant
ctDNA monitoring appears more informative for predicting recurrence. Patients with detectable
post-transplant ctDNA experienced recurrence at higher rates (50%) compared to those who were
ctDNA-negative (25%), though this difference did not reach statistical significance in small cohorts.
This may be a high risk sub group in which “adjuvant” chemotherapy can be considered post-
transplant. Further research and studies are needed on the utility of chemotherapy in this setting as
liver transplantation demonstrated the capacity to clear ctDNA in approximately 50% of patients
with sequential testing, with clearance patterns of +/- (pre-transplant positive to post-transplant
negative) observed in half of monitored patients [45]. Ongoing research is evaluating ctDNA’s utility
for patient selection, surveillance protocols, and as an indication for treatment intensification or
modification [46].

2.3. Recurrence Patterns and Post-Transplant Management

Recurrence patterns after LT for CRLM differ notably from those observed following liver
resection. In patients undergoing LT for CRLM, the lungs represent the predominant site of
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recurrence, with pulmonary metastases most often appearing as single-site lesions that demonstrate
indolent growth. These pulmonary recurrences exhibit unique biology, as some nodules may be
detected prior to LT without adversely impacting survival, and they frequently remain amenable to
local treatment. In contrast, hepatic recurrence as a solitary first site is exceedingly rare after LT and
typically occurs only within the context of multifocal metastatic disease. This pattern contrasts
sharply with recurrence following liver resection, where liver-only metastases constitute the most
common initial relapse site. Patients developing metastases within the transplanted liver tend to have
worse prognoses, reflecting advanced disease dissemination [47,48].

Approximately half of patients who undergo LT for CRLM eventually experience disease
recurrence, with the lung being involved in nearly half of those cases. Despite this high recurrence
rate, overall survival at five years post-transplant remains around 50-8%, likely reflecting the
aggressive management of pulmonary lesions and the biological implications of removing the native
liver harboring the primary metastases [47,48].

The treatment of recurrent disease following liver transplantation for CRLM typically prioritizes
aggressive, curative-intent management, especially for pulmonary recurrences, which are most
common. Surgical resection of pulmonary metastases is frequently feasible and associated with
excellent long-term outcomes; in selected patients, 5-year overall survival after pulmonary
metastasectomy can reach 70%, and in those with highly favorable risk profiles, 10-year survival after
resection has been reported as high as 76-100% [21]. This outcome appears notably superior
compared to conventional management of relapse after hepatic resection. Close surveillance to
identify resectable metastatic lesions early, coupled with an active surgical approach, is
recommended for maximizing survival after transplant. In cases of disseminated or unresectable
recurrence, systemic chemotherapies therapies may be considered, following similar principles as for
advanced colorectal cancer in non-transplant patients [21,49].

In instances of disease recurrence after liver transplantation, immunosuppression is commonly
adjusted to reduce overall oncologic immunosuppressive pressure while maintaining graft safety,
with consensus guidance favoring incorporation of an mTOR inhibitor into the maintenance regimen.
The IHPBA consensus guideline on liver transplantation for non-resectable CRLM describes a panel-
recommended approach of either gradually tapering a calcineurin inhibitor (CNI) while adding an
mTOR inhibitor or initially using a CNI and then converting to an mTOR inhibitor after
approximately 4-6 weeks to mitigate the wound-healing complications associated with early mTOR-
inhibitor exposure. In parallel, the guideline framework supports minimizing CNI exposure when
feasible and transitioning toward an mTOR-based platform as part of post-transplant oncologic
management, recognizing that these recommendations are largely consensus-driven in an evolving
evidence base [34].

3. Cholangiocarcinomas

Cholangiocarcinomas (CCA) collectively represent one of the most aggressive hepatobiliary
malignancies, accounting for the second leading cause of primary liver cancer after HCC. Both
perihilar (pCCA) and intrahepatic (iCAA) subtypes carry exceptionally poor prognoses, with 5-year
overall survival rates for all stages and subtypes historically reported at less than 10% regardless of
treatment modality. pCCA, also known as Klatskin tumors, comprises more than 50% of all CCA
cases and typically presents at advanced stages due to their central location at the hepatic hilum and
the insidious nature of early biliary obstruction. Traditional surgical management of pCCA, despite
aggressive hepatectomy combined with en bloc vascular resection and caudate lobe resection, has
yielded median overall survival of only 16-30 months with postoperative mortality rates of 10-15%
and 5-year survival rates of 25% [4,50,51]. For intrahepatic cholangiocarcinoma, the situation is even
more challenging: 70-80% of patients present with unresectable disease due to advanced T stage,
vascular invasion, or extent of liver involvement. Surgical resection, when feasible in the 20-30% of
patients with resectable disease, is associated with postoperative recurrence rates of 50-60% and 5-
year survival of only 25-40% [52,53].
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3.1. Perihilar Cholangiocarcinoma

Initial efforts investigating liver transplantation for cholangiocarcinoma reported suboptimal
results with recurrence rates of around 50% and 5-year survival rates between 23%-42% [54,55]. This
initially led to the procedure to be deemed contra-indicated [56].

The Mayo Clinic established a comprehensive protocol for liver transplantation for unresectable
perihilar cholangiocarcinoma initially described in 2000 [57] and subsequently updated by Heimbach
et. al. in 2004 [58]. The series included 56 patients with stage I and II perihilar cholangiocarcinoma
treated with neo-adjuvant external beam radiation and trans-catheter brachytherapy in combination
with fluoropyrimidine-based systemic therapy prior to planned liver transplantation [58]. They were
able to demonstrate an 82% 5-year survival amongst those patients undergoing liver trans-plantation,
comparable to outcomes from other accepted liver transplantation indica-tions. This led to acceptance
of unresectable peri-hilar cholangiocarcinoma as a standard of care indication for carefully selected
patients. Subsequent publications including data from 349 patients enrolled for treatment with the
neoadjuvant protocol between 1993-2018 show similar results with a 5-year and 10-year survival of
69% and 62% after transplantation.

Notably, the dropout rate from complications, progressive disease or extrahe-patic disease
found on staging is between 25-40% [59,60], leading to 5-year and 10-year sur-vival of around 51%
and 46% amongst all who start neoadjuvant therapy. Multi-institutional data has demonstrated
similar findings [59,61].

A distinct difference has been noted between perihilar cholangiocarcinoma arising in the setting
of primary sclerosing cholangitis (PSC) and perihilar cholangiocar-cinoma arising de novo, without
this underlying disease. PSC is a well-established risk factor for cholangiocarcinoma, with between
7-11% of these patients developing cholangiocarcinoma [62-65]. In the setting of perihilar
cholangiocarcinoma arising from PSC, the 5- and 10-year survival post-liver transplantation is 76%
versus 58% for de novo perihilar cholangiocarcinoma [60]. For comparison, in carefully selected
patients that were able to undergo resection, the 5-year survival rates are between 35-44% [66,67].
Given the favorable outcomes in patients with PSC and cholangiocarcinoma combined with the fact
transplantation may be effective treatment of their underlying liver disease and greatest oncological
risk factor for subsequent liver malignancies, transplantation is advocated as a preferred curative
treatment strategy in these patients [60] with MELD exception points given [68]. Currently,
cholangiocarcinoma is still a fairly uncommon indication for liver transplantation with less than 100
cases/year performed in the United States. There is interest in expanding indications beyond
unresectable de novo perihilar cholangiocarcinoma and perihilar cholangiocarcinoma in the setting
of PSC.

Whether transplantation should be the preferred curative treatment modality for patients with
de novo resectable hilar cholangiocarcinoma remains an area of debate. Croome et al. published a
retrospective study comparing patients treated at the Mayo Clinic who underwent resection (n=99)
to patients undergoing transplantation protocol (n=54) [69]. They found that progression-free (PFS)
and overall survival were improved in the liver transplantation group compared to the resection
group: 5-year PFS 54% versus 29%; 5-year OS 59% versus 36%. However, a subgroup analysis
including patients with no lymph node metastases and that achieved negative margins of resection
(admittedly something which is unknown preoperatively and therefore cannot be used as a selection
criteria) failed to demonstrate the superiority of transplantation over resec-tion. Those with more
“borderline resectable” tumors with extension into bilobar segmental intrahepatic ducts necessitating
multiple biliary anastomoses for reconstruc-tion did benefit from transplantation.

Conversely, Ethun et al. demonstrated that even in those patients with de novo perihilar
cholangiocarcinoma with tumors <3cm and node negative disease treated within US Extrahepatic
Biliary Malignancy Consortium, survival was better with transplantation protocol (n=35) rather than
resection (n=57) (41% versus 27% 5-year survival, p=0.049) in the intention to treat analysis [70]. While
this may argue that the benefit of transplantation extends to these patients and listing criteria should
be expanded, others have argued that the difference of 14% in long-term survival is not enough to
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justify allocation of scarce organs for such an indication. Furthermore, the survival in the resection
group in this retrospective study is lower than in other series groups [60].

The TRANSPHIL trial (NCT02232932), a French prospective open-label ran-domized
multicentre comparative study ongoing since 2012 aims to clarify this debate about best treatment
for resectable de novo pCCA. Initiation of either approach (transplant or resection) precludes
switching to the other. Violation of the surgical plane in incomplete resection is generally a contra-
indication to transplantation as these patients have not traditionally done well with subsequent
transplantation. The inflammation and scarring associated with the ablative neoadjuvant radiation
before transplantation compromises resection of the treatment field.

3.2. Intrahepatic Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (iCCA) has historically been viewed as a contraindication for
transplantation. Early studies indicated very poor outcomes, with high rates of recurrence and
elevated short-term mortality. [71,72].

More contemporary data suggests that very early iCCA may have a distinct, more favorable
biology that is compatible with acceptable post-transplant outcomes. Several retrospective series
evaluating patients transplanted for presumed hepatocellular carcinoma (HCC) or decompensated
cirrhosis who were found to have iCCA on explant have shown encouraging results when disease is
limited to a single lesion <2 cm without macrovascular invasion. In a multicenter study of 15 such
patients, 1-, 3-, and 5-year survival was 93%, 84%, and 65%, with recurrence rates of 7%, 18%, and
18%, respectively. [73]. When pooled with additional cohorts meeting very-early criteria, the
estimated recurrence risk is approximately 9%, supporting reconsideration of transplantation in this
narrowly defined subgroup. [73-75].

Another study assessed outcomes after liver transplantation in patients transplanted for
presumed HCC who were subsequently found on explant to have intrahepatic cholangiocarcinoma
or combined HCC—cholangiocarcinoma. Recurrence was more frequent in the isolated iCCA (n=17)
and mixed HCC-iCCA (n=27) groups than in the HCC cohort (n=574), with rates of 36.4% versus
10.8%. For cases deemed “very early” iCCA on preoperative imaging (single lesion <2 cm without
vascular invasion), 1- and 5-year survival were both 63.6% and recurrence was 33.3%, significantly
higher than the 11% recurrence observed in patients within Milan criteria for HCC (p=0.02), while 5-
year survival remained similar (70.3% in the HCC cohort). Pretransplant imaging appeared to
understage iCCA in two-thirds of patients (66.7%) [76].

In a study published by the French group, they evaluated outcomes in patients with iCCA or
mixed cholangiocarcinoma-HCC with the largest tumor nodule <5 c¢cm on explant after liver
transplantation performed for cirrhosis or HCC (n=49) and compared them with patients undergoing
resection for iCCA meeting the same tumor-size criteria. After a median 25-month follow-up, 1-, 3-,
and 5-year overall survival was 90%, 76%, and 67% after transplantation versus 92%, 59%, and 40%
after resection (p=0.17). Recurrence was significantly less frequent after transplantation (27% vs. 58%,
p=0.008), and recurrence did not differ between tumors <2 cm and those 2-5 cm, unlike prior reports.
Given the reported 82% survival for resectable iCCA <2 c¢m, the authors note surgery may remain
preferred for resectable early-stage disease, while these data support considering transplantation for
iCCA <5 cm arising in cirrhosis or for tumors <2 cm not amenable to resection, warranting prospective
trials in this setting [77].

The Methodist-MD Anderson Joint Cholangiocarcinoma Collaborative Committee established
a prospective protocol in 2010 for patients with locally advanced, unresectable iCCA deemed
ineligible for curative resection by multidisciplinary review. The protocol intentionally abandons
simple size-based selection and instead uses chemosensitivity and radiographic stability as the
primary gatekeepers for LT candidacy [78]. Key selection principles include histologically confirmed
iCCA; AJCC stage I-II without extrahepatic disease or macrovascular invasion; unresectable but
liver-limited disease; and 26 months of objective radiographic response or stability on systemic
therapy before listing; this waiting period functions as an in vivo stress test of tumor biology,
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allowing time for biologically aggressive tumors to declare themselves through progression or
dissemination. Mandatory operative staging with exploration, regional lymphadenectomy, and
peritoneal assessment is required prior to LT to exclude occult nodal or peritoneal metastases, given
the limited sensitivity of imaging for micrometastatic spread [79]. The protocol is built around
modern biliary tract cancer systemic therapy, most commonly gemcitabine—cisplatin (GemCis) based
on the ABC-02 trial, which established GemCis as first-line standard for advanced biliary tract cancer
including iCCA [80].

The initial prospective case series from this program reported 6 transplanted patients with
locally advanced, unresectable iCCA who had responded to neoadjuvant chemotherapy. Reported
overall survival after LT was 100% at 1 year and 83% at both 3 and 5 years, with recurrence-free
survival (RFS) of 50% at 1, 3, and 5 years; median time to recurrence among those who relapsed was
about 8 months. Notably, donor organs included extended-criteria and domino grafts, underscoring
the feasibility of using marginal grafts in highly selected oncology candidates [78]. An expanded
cohort with longer follow-up (McMillan et al., American Journal of Transplantation 2022) included
18 transplanted patients among 32 listed between 2010 and 2021. In this series, overall survival after
LT was approximately 100% at 1 year, 71% at 3 years, and 57% at 5 years, despite a median cumulative
tumor diameter >10 cm and a median of 2 lesions, reflecting genuine “locally advanced” disease.
Recurrence occurred in ~39% of transplanted patients, but non-transplanted listed patients had
extremely poor outcomes, with essentially no 2-year survivors, highlighting the potential absolute
survival gain from LT in this setting [79].

These outcomes strongly support the central premise that tumor biology, not raw tumor burden,
is the key determinant of post-LT results in iCCA. Patients with large or multifocal tumors who show
durable response or stability on neoadjuvant therapy can achieve survival markedly better than
historical unselected iCCA LT cohorts. Conversely, failure to respond to systemic therapy is treated
as a negative selection marker, and such patients are typically excluded from LT.

Based on the above data (Table 2.), the Organ Procurement and Transplantation Network has
approved criteria for liver transplantation for this indication. The criteria are more restrictive than
those outlined by McMillan et al. [79] and continued future directions will involve efforts to expand
criteria with preservation of outcomes seen in more limited disease. Patient selection in the future
may be improved by better imaging modalities and possibly tumor-informed circulating tumor DNA
assays which have recently demonstrated prognostic value in this disease [81]. As with perihilar
cholangiocarcinoma, proceeding on a liver transplant protocol may allow for delivery of ablative
doses of treatment that would otherwise limit viability of the native liver. As systemic therapy
options improve, targeted therapies with superior response rates may be moved to the neoadjuvant
setting. Already, since the time of the McMillan publication, immunotherapy has been incorporated
as part of front-line therapy. Experience with HCC has shown this to be safe prior to liver trans-
plantation pending a wash-out period of about 3 months [82,83].

4. Conclusions

Liver transplantation has evolved from therapy exclusively for cirrhosis and hepatocellular
carcinoma into a curative option for carefully selected patients with unresectable CRLM, pCCA, and
iCCA. This paradigm shift reflects recognition that poor historical outcomes reflected inappropriate
patient selection rather than inherent transplant failure. Across all three indications, rigorous biology-
based selection crite-ria—emphasizing response to neoadjuvant therapy, absence of progressive
disease, and extrahepatic metastases—identify patients achieving long-term cure: CRLM achieves
73.3% five-year overall survival compared to 9% with chemotherapy alone; pCCA achieves 71-74%
five-year post-transplant survival; and iCCA achieves 57-83% five-year overall survival, dramatically
exceeding historical unselected iCCA controls of 18-25%.

Success requires strict selection, intensive multimodal neoadjuvant therapy, mul-tidisciplinary
evaluation in high-volume centers, and careful surveillance to exclude progressive disease. Post-
transplant recurrence (30-50%), vascular complications (20-40% in pCCA), and dropout during
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neoadjuvant therapy (25-40%) remain signifi-cant challenges requiring enhanced imaging, molecular
biomarkers, and refined ther-apeutic strategies. Integration of circulating tumor DNA testing, PET-
CT, and modern systemic agents into neoadjuvant protocols warrants prospective investigation to
maintain oncologic efficacy while reducing toxicity. Standardization through multi-center trials and
collaborative registries will establish transplant oncology as an evi-dence-based discipline with
reproducible outcomes. As transplant oncology matures, cautious expansion to other hepatic
malignancies should proceed through rigorous pi-lot protocols with careful attention to organ
allocation ethics and long-term outcome validation.

5. Future Directions

Advancing transplant oncology depends on leveraging circulating tumor DNA and molecular
profiling (including KRAS/TP53 assessment for CRLM and FGFR/IDH testing for iCCA) alongside
standardized PET-CT imaging to refine patient selection; conducting prospective trials to evaluate
chemotherapy-only neoadjuvant strategies for pCCA as alternatives to radiation while exploring
integration of targeted and im-munologic therapies; establishing multicenter registries and
standardized protocols to generate reproducible, evidence-based outcomes across high-volume
centers; and de-veloping biomarker-driven post-transplant surveillance systems coupled with inves-
tigation of adjuvant molecular-targeted and systemic therapies tailored to individual tumor
characteristics.
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Table 1. Published and ongoing studies for Liver tranplant in CRLM.

Study Design Center(s) Number of pa-tients OS (5-yr) DFS (5-yr)
SECA-I[17]  Prospective pilot Oslo, Norway 21 (LT) 60% 0% (at 2 years)
SECA-II1 [18] Prospective Oslo, Norway 15 (LT) 83% 35%

SECA-Il Arm D  Prospective
[19] (extended criteria) Oslo, Norway 10 (LT) Not reported Not reported
94 randomized (47 0 ]
TransMet [23] RCT Europe (20 (_:enters, 3 LT arm, 47 CT arm); 73% (per-protocol); Not primary endpoint
countries) . 57% (ITT)
38 received LT
COLT [29] Prospective Italy (multicenter) Ongoing comparison Expected 70% Secondary endpoint
SOULMATE Sweden (multi- .
[31] RCT center) Ongoing Not yet reported Not yet reported
Rochester Prospective University of 10 (LDLT) Not reached Not reached

(LDLT) [25] Rochester, USA

33 (7 LDLT, 22

T LDLT i
oronto ( ) resection, 48 con-

University of To- 90% (3-year for

Prospective Not reported

[24] ronto, Canada trols) LDLT)
Oslo Long-term 50% (all patients);
Follow-up Long-term Oslo, Norway 61 (LT) 63.5% (Oslo Score 0- 18.30%
[20,21] 2)
Mayo Clinic [26]  Prospective Mayo Clinic, USA 12 Not reached Not reached
Belgian Liver
Transplant Prospective Belgium 29 (2-yr 0OS) 90.1% Not reported
Centers [28]
ARTX-Onc Multicenter USA/Canada Multiple centers
Registry [27] registry (multicenter) enrolling Not yet reported Not yet reported

OS, overall survival; DFS, disease-free survival; CRLM, colorectal liver metastases; LT, liver transplantation;

LDLT, living donor liver transplant; RCT, randomized controlled trial; ITT, intention-to-treat.

Table 2. Proposed criteria for the transplantation of intrahepatic cholangiocarcinoma from the Organ

Procurement and Transplantation Network compared to reported or currently recruiting clinical trials.

OPTN Criteria (2024- Houston Methodist/MD Anderson

Criterion 2025) [35] (NCT—Phase 11) [79] TESLA Trial (NCT04556214)
Tumor Size <3 cm Locally advanced (no size limit) No size limit (median 11.5 cm)
Tumor Number Solitary Not specified Multiple allowed (median 7 tumors)

Required (biopsy-proven
Histologic Confirmation iCCA or mixed HCC-  Required (histologically confirmed) Required (histologically verified)

iCCA)
Cirrhosis Required Not required Not required
Vascular Invasion Not allowed Not allowed No mgjor vascu_lar invasion,
intrahepatic only
Extrahepatic Disease Not allowed Not allowed Not allowed
Lymph Node Status Not specified Not allowed Not allowed (on imaging)
Treatment Duration >6 months >6 months >6 months
Disease Stability Required (no growth, no Required (sta_bility or regression on Required (response to neoadjuvant
new lesions) neoadjuvant therapy) therapy)
Tumor Differentiation Not specified Not specified Not specified
CA 19-9 Level Not specified Not specified Reported (median 198 kU/I)
Performance Status Not specified ECOG <1 ECOG 0-1

OPTN, Organ Procurement and Transplantation Network; iCCA, intrahepatic cholangiocarcinoma; ECOG,
Eastern Cooperative Oncology Group; CA 19-9, Carcinoembryonic antigen 19-9

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1952.v1

13 of 16

Author Contributions: Conceptualization, AA., C.D.O., U.M.; writing —original draft preparation, A.A, C.D.O.,
K. P.C, UM.,; writing—review and editing, A.A, C.D.O., O.A, D.E, HM.B,, ]S, ]D.L, B.T, DM.H, J.C], K
P.C., UM. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Kokudo, T. and N. Kokudo, Evolving Indications for Liver Transplantation for Hepatocellular Carcinoma
Following the Milan Criteria. Cancers (Basel), 2025. 17(3).

2. Brown, Z]., et al., Management of Hepatocellular Carcinoma: A Review. JAMA Surgery, 2023. 158(4): p.
410-420.

3.  Andraus, W, et al, The role of living donor liver transplantation in treating intrahepatic
cholangiocarcinoma. Front Oncol, 2024. 14: p. 1404683.

4. Nuzzo, G, et al.,, Improvement in Perioperative and Long-term Outcome After Surgical Treatment of Hilar
Cholangiocarcinoma: Results of an Italian Multicenter Analysis of 440 Patients. Archives of Surgery, 2012.
147(1): p. 26-34.

5. Allkushi, E,, et al., Expanding Indications in Transplant Oncology. Cancers (Basel), 2025. 17(5).

Borakati, A., et al, Liver transplantation in the management of cholangiocarcinoma: Evolution and
contemporary advances. World ] Gastroenterol, 2023. 29(13): p. 1969-1981.

7. Wagner, ].S,, et al., The natural history of hepatic metastases from colorectal cancer. A comparison with
resective treatment. Ann Surg, 1984. 199(5): p. 502-8.

Scheele, J., Hepatectomy for liver metastases. Br ] Surg, 1993. 80(3): p. 274-6.

9.  Lascaris, B., V.E. de Meijer, and R.J. Porte, Normothermic liver machine perfusion as a dynamic platform
for regenerative purposes: What does the future have in store for us? Journal of Hepatology, 2022. 77(3): p.
825-836.

10. Rijn, R.v,, et al., Hypothermic Machine Perfusion in Liver Transplantation — A Randomized Trial. New
England Journal of Medicine, 2021. 384(15): p. 1391-1401.

11. Lucey, M.R,, K.N. Furuya, and D.P. Foley, Liver Transplantation. New England Journal of Medicine, 2023.
389(20): p. 1888-1900.

12. Siegel, R.L,, et al., Cancer statistics, 2026. CA: A Cancer Journal for Clinicians, 2026. 76(1): p. e70043.

13. Zarour, L.R, et al.,, Colorectal Cancer Liver Metastasis: Evolving Paradigms and Future Directions. Cell
Mol Gastroenterol Hepatol, 2017. 3(2): p. 163-173.

14. Zeineddine, F.A,, et al.,, Survival improvement for patients with metastatic colorectal cancer over twenty
years. NPJ Precis Oncol, 2023. 7(1): p. 16.

15. Creasy, J.M,, etal., Actual 10-year survival after hepatic resection of colorectal liver metastases: what factors
preclude cure? Surgery, 2018. 163(6): p. 1238-1244.

16. de Jong, M.C, et al,, Rates and patterns of recurrence following curative intent surgery for colorectal liver
metastasis: an international multi-institutional analysis of 1669 patients. Ann Surg, 2009. 250(3): p. 440-8.

17. Hagness, M., et al., Liver transplantation for nonresectable liver metastases from colorectal cancer. Ann
Surg, 2013. 257(5): p. 800-6.

18. Dueland, S., et al., Survival Following Liver Transplantation for Patients With Nonresectable Liver-only
Colorectal Metastases. Ann Surg, 2020. 271(2): p. 212-218.

19. Smedman, T.M,, et al., Liver transplantation for unresectable colorectal liver metastases in patients and
donors with extended criteria (SECA-II arm D study). BJS Open, 2020. 4(3): p. 467-477.

20. Dueland, S., et al., Selection criteria related to long-term survival following liver transplantation for
colorectal liver metastasis. Am J Transplant, 2020. 20(2): p. 530-537.

21. Dueland, S, et al,, Long-Term Survival, Prognostic Factors, and Selection of Patients With Colorectal
Cancer for Liver Transplant: A Nonrandomized Controlled Trial. JAMA Surgery, 2023. 158(9): p. €232932-
€232932.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1952.v1

14 of 16

22. Yaqub, S, et al., Liver transplantation for colorectal metastases following hepatic resection. BJS, 2025.
112(9).

23. Adam, R, et al,, Liver transplantation plus chemotherapy versus chemotherapy alone in patients with
permanently unresectable colorectal liver metastases (TransMet): results from a multicentre, open-label,
prospective, randomised controlled trial. The Lancet, 2024. 404(10458): p. 1107-1118.

24. Rajendran, L., et al., Toronto Management of Initially Unresectable Liver Metastasis from Colorectal Cancer
in a Living Donor Liver Transplant Program. ] Am Coll Surg, 2023. 237(2): p. 231-242.

25. Byrne, M.M.,, et al.,, The Rochester Protocol for living donor liver transplantation of unresectable colorectal
liver metastasis: A 5-year report on selection, approval, and outcomes. Am ] Transplant, 2025. 25(4): p. 780-
792.

26. Jones, ., et al., Is there a place for deceased donor liver transplantation for colorectal metastases in the
United States? Feasibility of a protocol utilizing machine perfusion. Liver Transplantation, 9900: p.
10.1097/LVT.0000000000000727.

27. Byrne, MM, et al,, Liver Transplant for Upfront Unresectable Colorectal Metastases. JAMA Surgery, 2025.
160(10): p. 1159-1162.

28. Rasschaert, G, et al., Liver transplantation for unresectable colorectal liver metastases: Pooled real-world
data from all Belgian liver transplant centers. Journal of Clinical Oncology, 2026. 44(2_suppl): p. 20-20.

29. Sposito, C,, et al., Improving Outcome of Selected Patients With Non-Resectable Hepatic Metastases From
Colorectal Cancer With Liver Transplantation: A Prospective Parallel Trial (COLT trial). Clin Colorectal
Cancer, 2023. 22(2): p. 250-255.

30. Stocco, A., et al., Liver Transplantation for Colorectal Metastases: Impact of a Standardised Protocol for
Patient Selection on Transplant Outcomes. Cancers, 2025. 17(12): p. 2046.

31. Reivell, V., et al., SOULMATE: the Swedish study of liver transplantation for isolated colorectal cancer liver
metastases not suitable for operation or ablation, compared to best established treatment-a randomized
controlled multicenter trial. Trials, 2022. 23(1): p. 831.

32. Fong, Y, et al, Clinical score for predicting recurrence after hepatic resection for metastatic colorectal
cancer: analysis of 1001 consecutive cases. Ann Surg, 1999. 230(3): p. 309-18; discussion 318-21.

33. Nadalin, S., et al., Living donor liver transplantation for colorectal liver metastasis: a narrative review.
Digestive Medicine Research, 2020. 3.

34. Bonney, G.K, et al,, Liver transplantation for non-resectable colorectal liver metastases: the International
Hepato-Pancreato-Biliary Association consensus guidelines. Lancet Gastroenterol Hepatol, 2021. 6(11): p.
933-946.

35. Guidance to Liver Transplant Programs and the National Liver Review Board for. Adult MELD exceptions
for transplant oncology. 1/14/2026]; Available from:
https://optn.transplant.hrsa.gov/media/xpdfswdv/nlrb-guidance_adult-transplant-oncology_feb-
2025.pdf.

36. Nakayama, T., K. Sasaki, and G.A. Margonis, Liver transplantation for unresectable colorectal liver
metastases: a narrative review. Chinese Clinical Oncology, 2025. 14(4): p. 44.

37. Ueberroth, B.E,, et al., Liver transplantation for colorectal cancer with liver metastases. Oncologist, 2025.
30(1).

38. Sasaki, K., etal., The prognostic implications of primary colorectal tumor location on recurrence and overall
survival in patients undergoing resection for colorectal liver metastasis. ] Surg Oncol, 2016. 114(7): p. 803-
809.

39. Margonis, G.A,, et al., The Prognostic Impact of Primary Tumor Site Differs According to the KRAS
Mutational Status: A Study By the International Genetic Consortium for Colorectal Liver Metastasis. Ann
Surg, 2021. 273(6): p. 1165-1172.

40. Moosavi, S.H., et al,, Molecular prognostic factors for liver transplantation of unresectable metastatic
colorectal cancer. Br ] Surg, 2025. 112(4).

41. André, T, etal., Nivolumab plus ipilimumab versus nivolumab in microsatellite instability-high metastatic
colorectal cancer (CheckMate 8HW): a randomised, open-label, phase 3 trial. Lancet, 2025. 405(10476): p.
383-395.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1952.v1

15 of 16

42. André, T., et al, Pembrolizumab versus chemotherapy in microsatellite instability-high or mismatch
repair-deficient metastatic colorectal cancer: 5-year follow-up from the randomized phase III KEYNOTE-
177 study. Ann Oncol, 2025. 36(3): p. 277-284.

43. Bever, KM, et al., 10-year follow up of a phase 2 clinical trial of pembrolizumab (pembro) in microsatellite
instability-high (MSI-H)/mismatch repair deficient (IMMR) advanced solid tumors. Journal of Clinical
Oncology, 2025. 43(16_suppl): p. 4019-4019.

44. Wehrle, CJ., et al, Liquid Biopsy by ctDNA in Liver Transplantation for Colorectal Cancer Liver
Metastasis. ] Gastrointest Surg, 2023. 27(7): p. 1498-1509.

45. Hong, H., et al,, Circulating Tumor DNA Profiling in Liver Transplant for Hepatocellular Carcinoma,
Cholangiocarcinoma, and Colorectal Liver Metastases: A Programmatic Proof of Concept. Cancers (Basel),
2024. 16(5).

46. Ros, ], et al., Liver transplantation in metastatic colorectal cancer: are we ready for it? Br ] Cancer, 2023.
128(10): p. 1797-1806.

47. Hagness, M., et al., Patterns of recurrence after liver transplantation for nonresectable liver metastases from
colorectal cancer. Ann Surg Oncol, 2014. 21(4): p. 1323-9.

48. Dawood, Z.S., et al., Outcomes of liver transplant for colorectal liver metastasis: a systematic review and
meta-analysis. ] Gastrointest Surg, 2024. 28(11): p. 1943-1950.

49. Dueland, S,, et al,, Treatment of relapse and survival outcomes after liver transplantation in patients with
colorectal liver metastases. Transpl Int, 2021. 34(11): p. 2205-2213.

50. Safarpour, AR, et al., Cholangiocarcinoma and liver transplantation: What we know so far? World ]
Gastrointest Pathophysiol, 2021. 12(5): p. 84-105.

51. Jain, AJ., et al, Improved Outcomes Following Resection of Perihilar Cholangiocarcinoma: A 27-Year
Experience. Ann Surg Oncol, 2025. 32(6): p. 4352-4362.

52. Colangelo, M., et al, Management of intrahepatic cholangiocarcinoma: a review for clinicians.
Gastroenterology Report, 2025. 13.

53. Bressler, L., et al., Management of locally advanced intrahepatic cholangiocarcinoma: a narrative review.
Chinese Clinical Oncology, 2023. 12(2): p. 15.

54. Meyer, C.G,, L. Penn, and L. James, Liver transplantation for cholangiocarcinoma: results in 207 patients.
Transplantation, 2000. 69(8): p. 1633-7.

55. Robles, R,, et al., Spanish experience in liver transplantation for hilar and peripheral cholangiocarcinoma.
Ann Surg, 2004. 239(2): p. 265-71.

56. Banales, ].M,, et al., Cholangiocarcinoma 2020: the next horizon in mechanisms and management. Nature
Reviews Gastroenterology & Hepatology, 2020. 17(9): p. 557-588.

57. De Vreede, I, et al,, Prolonged disease-free survival after orthotopic liver transplantation plus adjuvant
chemoirradiation for cholangiocarcinoma. Liver Transpl, 2000. 6(3): p. 309-16.

58. Heimbach, J.K,, et al,, Liver transplantation for unresectable perihilar cholangiocarcinoma. Semin Liver
Dis, 2004. 24(2): p. 201-7.

59. Darwish Murad, S,, et al., Efficacy of neoadjuvant chemoradiation, followed by liver transplantation, for
perihilar cholangiocarcinoma at 12 US centers. Gastroenterology, 2012. 143(1): p. 88-98.e3; quiz e14.

60. Tan, EK, et al, Liver Transplantation for Peri-hilar Cholangiocarcinoma. ] Gastrointest Surg, 2020. 24(11):
p- 2679-2685.

61. Seehofer, D, et al., Extended bile duct resection and [corrected] liver and transplantation in patients with
hilar cholangiocarcinoma: long-term results. Liver Transpl, 2009. 15(11): p. 1499-507.

62. Burak, K, et al., Incidence and risk factors for cholangiocarcinoma in primary sclerosing cholangitis. Am ]
Gastroenterol, 2004. 99(3): p. 523-6.

63. Broomé, U, et al., Natural history and prognostic factors in 305 Swedish patients with primary sclerosing
cholangitis. Gut, 1996. 38(4): p. 610-5.

64. Kornfeld, D., A. Ekbom, and T. Ihre, Survival and risk of cholangiocarcinoma in patients with primary
sclerosing cholangitis. A population-based study. Scand ] Gastroenterol, 1997. 32(10): p. 1042-5.

65. Petrick, J.L., et al., Risk factors for intrahepatic and extrahepatic cholangiocarcinoma in the United States:
A population-based study in SEER-Medicare. PLoS One, 2017. 12(10): p. e0186643.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 26 January 2026 d0i:10.20944/preprints202601.1952.v1

16 of 16

66. Groot Koerkamp, B., et al., Survival after resection of perihilar cholangiocarcinoma-development and
external validation of a prognostic nomogram. Ann Oncol, 2015. 26(9): p. 1930-1935.

67. Komaya, K,, et al., Recurrence after curative-intent resection of perihilar cholangiocarcinoma: analysis of a
large cohort with a close postoperative follow-up approach. Surgery, 2018. 163(4): p. 732-738.

68. Lindor, K.D., K.V. Kowdley, and E.M. Harrison, ACG Clinical Guideline: Primary Sclerosing Cholangitis.
Official journal of the American College of Gastroenterology | ACG, 2015. 110(5): p. 646-659.

69. Croome, K.P., etal.,, Is Liver Transplantation Appropriate for Patients with Potentially Resectable De Novo
Hilar Cholangiocarcinoma? ] Am Coll Surg, 2015. 221(1): p. 130-9.

70. Ethun, C.G,, et al, Transplantation Versus Resection for Hilar Cholangiocarcinoma: An Argument for
Shifting Treatment Paradigms for Resectable Disease. Ann Surg, 2018. 267(5): p. 797-805.

71. O’Grady, ].G,, et al., Liver transplantation for malignant disease. Results in 93 consecutive patients. Annals
of surgery, 1988. 207(4): p. 373-379.

72. Pichlmayr, R, et al.,, Indications and Role of Liver Transplantation for Malignant Tumors. Oncologist, 1997.
2(3): p. 164-170.

73. Sapisochin, G,, et al,, Liver transplantation for “very early” intrahepatic cholangiocarcinoma: International
retrospective study supporting a prospective assessment. Hepatology, 2016. 64(4): p. 1178-88.

74. Sapisochin, G., et al,, Intrahepatic cholangiocarcinoma or mixed hepatocellular-cholangiocarcinoma in
patients undergoing liver transplantation: a Spanish matched cohort multicenter study. Ann Surg, 2014.
259(5): p. 944-52.

75. Sapisochin, G., et al., “Very early” intrahepatic cholangiocarcinoma in cirrhotic patients: should liver
transplantation be reconsidered in these patients? Am J Transplant, 2014. 14(3): p. 660-7.

76. Lee, D.D,, et al,, Liver transplantation for intrahepatic cholangiocarcinoma. Liver Transpl, 2018. 24(5): p.
634-644.

77. Sakamoto, Y., et al., Proposal of a new staging system for intrahepatic cholangiocarcinoma: Analysis of
surgical patients from a nationwide survey of the Liver Cancer Study Group of Japan. Cancer, 2016. 122(1):
p. 61-70.

78. Lunsford, K.E,, et al., Liver transplantation for locally advanced intrahepatic cholangiocarcinoma treated
with neoadjuvant therapy: a prospective case-series. Lancet Gastroenterol Hepatol, 2018. 3(5): p. 337-348.

79. McMillan, RR,, et al, Survival following liver transplantation for locally advanced, unresectable
intrahepatic cholangiocarcinoma. Am ] Transplant, 2022. 22(3): p. 823-832.

80. Valle, ], et al., Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. New England
Journal of Medicine, 2010. 362(14): p. 1273-1281.

81. Yoo, C, et al., Circulating tumor DNA status and dynamics predict recurrence in patients with resected
extrahepatic cholangiocarcinoma. Journal of Hepatology, 2025. 82(5): p. 861-870.

82. Rezaee-Zavareh, M.S,, et al., Impact of pre-transplant immune checkpoint inhibitor use on post-transplant
outcomes in HCC: A systematic review and individual patient data meta-analysis. ] Hepatol, 2025. 82(1):
p- 107-119.

83. Moeckli, B., et al.,, Determining safe washout period for immune checkpoint inhibitors prior to liver

transplantation: An international retrospective cohort study. Hepatology, 2025. 82(5): p. 1122-1137.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.1952.v1
http://creativecommons.org/licenses/by/4.0/

