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a b s t r a c t 

Liver transplantation (LT) is increasingly recognised as a valuable treatment option in carefully selected 

cases of metastatic intestinal cancers. While traditionally reserved for primary liver tumours such as hep- 

atocellular carcinoma (HCC), recent evidence has broadened the transplant oncology paradigm to include 

colorectal liver metastases (CRLM) and neuroendocrine liver metastases (NELM). This review explores the 

evolving indications, patient selection criteria, and clinical outcomes of LT in these contexts, emphasising 

the need for a conceptual and methodological reassessment. 

We distinguish between prognostic factors, which are variables independently linked with clinical out- 

comes, and selection criteria, which determine patient eligibility and transplant prioritisation. This dis- 

tinction is vital for proper candidate stratification. 

It emphasises the importance of using overall survival as the primary endpoint in transplant oncology 

rather than recurrence-free survival, which can be misleading due to early detection bias and compet- 

ing risks. The idea of “transplant benefit,” defined as the survival gain attributable to LT compared to 

non-transplant strategies, is proposed as a fair and informative measure for ethical allocation. Data from 

prospective studies, such as SECA I–II and the TransMet trial, offer estimates of benefit in different in- 

dications, showing significant variation, from 22.5 months in per-protocol CRLM to around 12 months 

in NELM. We also examine intention-to-treat versus per-protocol analyses, the impact of dropout and 

waiting list mortality, and the implications for allocation policy. 

Finally, we outline future directions, including expansion to unresectable tumours beyond the criteria and 

borderline resectable tumours within the criteria. In the era of personalised medicine, LT for intestinal 

malignancies requires careful patient selection, transplant ethics, and collaborative oncologic governance. 

© 2025 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights are reserved, 
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. The concept of transplant oncology: expanding the frontier 

o intestinal malignancies 

The evolving field of transplant oncology [ 1 ] is redefining 

he boundaries of organ transplantation by integrating oncolog- 

cal principles into the selection, timing, and strategy of liver 

ransplantation (LT). Well-established for hepatocellular carcinoma 

HCC) [ 2 ], the concept now extends to select cases of intestinal 

alignancies, particularly colorectal liver metastases (CRLM) and 
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imilar technologies. 
euroendocrine liver metastases (NELM), marking a shift from the 

raditional paradigm. 

This shift challenges conventional contraindications and aims to 

ncorporate LT into multidisciplinary cancer care algorithms, em- 

hasising biological tumour behaviour and patient-specific prog- 

ostic factors rather than solely anatomical resectability, and in- 

reasing transplant applicability [ 3 ]. 

Colorectal cancer is one of the most common malignancies 

orldwide, and over 50 % of patients eventually develop liver 

etastases. Unfortunately, the majority of these (up to 80 %) are 

onsidered unresectable due to an extensive tumour burden, un- 

avourable distribution, or comorbidities [ 4 , 5 ]. In such cases, sys- 

emic therapy remains the primary treatment. Yet, the 5-year 

verall survival (OS) rarely exceeds 15 %—a stark contrast to the 
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romising results emerging from LT in highly selected CRLM co- 

orts. In the SECA trials and more recently in the TransMet ran- 

omised controlled trial, LT demonstrated a significant survival 

enefit in selected patients, establishing its potential as a curative 

trategy in cases with favourable tumour biology [ 6–9 ]. 

Neuroendocrine neoplasms (NENs), although relatively rare, of- 

en metastasise to the liver, mainly when originating from the gas- 

rointestinal tract. NENs generally follow a more indolent course 

 10 ]. As a result, aggressive locoregional therapies, including hep- 

tic resection, ablation, or arterial embolisation, often remain ef- 

ective and favoured by the oncologists. However, in the subset of 

atients with unresectable liver-dominant disease that resists med- 

cal and interventional treatments, LT becomes a viable option. Evi- 

ence from retrospective series and expert consensus evolved over 

ime, suggesting that LT in this context can provide excellent long- 

erm survival, with 5-year OS exceeding 70 % in patients selected 

ccording to the Milan criteria [ 11–13 ]. 

The decision to offer LT for intestinal malignancies depends not 

nly on technical feasibility but also on ethical and resource con- 

iderations. CRLM is a common condition, but transplantation re- 

ains a rare indication due to strict selection criteria and organ 

llocation limitations, which have been addressed by using living 

onors. Conversely, NELM remains a rare disease and an equally 

are indication for transplantation. 

Although these indications remain restricted, they demonstrate 

he potential of transplant oncology to transform the treatment 

andscape for metastatic gastrointestinal cancers. 

Other malignancies, such as gastrointestinal stromal tumours 

GISTs), have been examined in exceptional cases but currently lack 

ufficient evidence to support routine transplant-based approaches 

 14 ]. 

This review aims to explore the rationale, current evidence, and 

uture prospects of LT in intestinal malignancies, focusing on CRLM 

nd NELM as primary candidates for transplant oncology. By crit- 

cally analysing patient selection, trial data, and comparative sur- 

ival models, we seek to define the boundaries of transplant ben- 

fit within this emerging field. 

. The ethical sustainability of liver transplantation for 

ntestinal malignancies 

The increasing use of LT for certain patients with non- 

epatocellular intestinal cancers, particularly unresectable CRLMs 

nd NELMs, raises significant ethical questions about organ alloca- 

ion, fairness, and societal benefit. Although these indications re- 

ain rare and debated, they are becoming more recognised within 

ransplant oncology, especially when rigorous patient selection and 

urvival benefits are demonstrated [ 11 ]. 

Historically, ethical concerns have arisen from the idea that of- 

ering LT to new oncologic patients might restrict access for indi- 

iduals with traditional indications, such as end-stage liver disease 

r HCC [ 11 , 15 ]. This tension is particularly evident in the context of

eceased donor liver transplantation (DDLT), where organ scarcity 

emains a worldwide issue. 

The next ethical consideration discussed was the survival ben- 

fit. This issue became even more significant because the lack of 

rioritisation led programs to use living donors, raising concerns 

bout the ethics related to donor risk and recipient survival bene- 

t. In 2001, when living donors were considered an option for pa- 

ients with HCC beyond the Milan criteria, a 50 % recipient survival 

ate at 5 years was regarded as adequate to proceed [ 16 , 17 ]. 

While the rarity of NELMs as clinical entities causes minimal 

oncern regarding their effect on the already limited donor organ 

upply [ 11 ], greater concern arises from the significant epidemi- 

logical burden caused by CRLM, which are among the leading 

auses of cancer-related death worldwide [ 18 ]. In this context, re- 
2075
ent data and models help redefine the ethical debate by assess- 

ng the actual impact of including highly selected CRLM patients in 

ransplant programmes [ 19 ]. These models show that when strict 

election criteria are applied, such as excluding patients with gen- 

ral contraindications to LT (e.g., advanced age, severe comorbidi- 

ies), and those with confirmed technical unresectability, as well as 

avouring tumours with better biology, the proportion of CRLM pa- 

ients eligible for LT decreases significantly, in general every four 

atients evaluated in a given program with CRLM, only one will 

ualify for listing. According to the funnel model from Dueland 

t al., only 1–2 % of the current liver transplant volume would be 

dditionally needed to accommodate CRLM candidates under strict 

riteria [ 19 ]. This model challenges the perception of CRLM as a 

isruptive burden to organ allocation, but until this concept is fully 

nderstood worldwide, living donation becomes the only alterna- 

ive to do timely transplants in those accepted candidates (except 

ountries with a superior number of deceased donors). 

Conversely, the traditional ’Titanic’ paradigm, where LT was 

iewed as an overloaded therapeutic ocean liner with too few 

ifeboats (organs) for its many passengers (patients), is transform- 

ng. Advances in surgical techniques and organ preservation are 

radually reducing the constraints caused by organ scarcity. 

The increased use of LDLT and the implementation of in-situ 

nd ex-situ perfusion technologies have significantly expanded 

he donor pool and improved graft preservation, consistently con- 

ributing to a measurable increase in transplant volumes in both 

urope and North America [ 20 ] ( Fig. 1 ), suggesting that ethical

oncerns must be considered within a dynamic and growing sys- 

em and providing opportunities to broaden transplant indications 

afely. Robotic donor hepatectomy is proving to be safe and feasi- 

le, fostering greater acceptance of LDLT even in centres without 

xtensive laparoscopic experience [ 21 ]. Meanwhile, machine per- 

usion technologies (both in situ and ex situ) are transforming the 

andscape of organ viability assessment and reconditioning [ 22 , 23 ]. 

hese advancements enhance the feasibility of applying LT in onco- 

ogical settings without necessarily restricting access for standard 

ndications. 

In summary, LT for intestinal malignancies, especially for CRLM 

nd NELM within strict criteria, can be ethically justified when it 

ollows principles of benefit maximisation, fair allocation, and sci- 

ntific rigour. 

. History of liver transplantation for intestinal malignancies 

LT for metastatic intestinal cancers has evolved from sporadic, 

xperimental procedures into a well-established, evidence-based 

herapeutic option for certain patients. Early efforts, especially 

rom the 1980s to the late 1990s, were characterised by high pe- 

ioperative mortality and a lack of clear selection criteria. These 

nitial experiences led to poor outcomes, resulting in the discon- 

inuation of LT in metastatic cases for many years [ 3 , 11 ]. 

.1. CRLM: A two-step revolution, SECA’s vision and transmet’s 

alidation 

Before the introduction of modern selection criteria, LT for 

RLM was carried out sporadically, often with poor outcomes. 

Data from the European Liver Transplant Registry (ELTR) re- 

orted 58 transplants for CRLM up to 2007, with the majority per- 

ormed before 1995, and 5-year survival rates as low as 18 % [ 5 , 24 ].

hese early cases occurred when LT was considered experimen- 

al and lacked biological or clinical stratification. But a later re- 

iew of lymph nodes of the cases done by Mullbacher et al. in 

991 [ 5 ], showed that 15/21 initially classified as negative, in real- 

ty did have micrometastasis, therefore when they review the long 
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Fig. 1. Increasing number of liver transplants in Europe and the United States. DBD, brain dead donors. DCD, donation after cardiac death donors. LDLT, living donor liver 

transplantation. 
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erm freedom from recurrence survival on those with real nega- 

ive lymph nodes it was 118 months, vs 28 months for those with 

ositive nodes ( p = 0.01), highlighting the importance of restric 

riterias – and adequate pathology reading-, even then. 

The following key step in the history of LT for CRLMs was the 

ECA I trial (Oslo group, 2006–2011), which showed a 5-year OS 

f 60 % in carefully selected patients, despite high recurrence rates 

 6 ]. This revived interest in transplant oncology for CRLM and led 

o SECA II, which improved selection criteria based on tumour bi- 

logy, response to chemotherapy, and the absence of extrahep- 

tic spread [ 25 ]. The most favourable subgroup (Oslo score 0–2) 

chieved 5-year survival rates of about 63 % and a 10-year OS 

f around 46 %, matching standard indications for transplantation 

 7 , 8 ]. A notable shift in transplant oncology took place with the

ublication of the TransMet trial, the first randomised controlled 

tudy with a sufficient sample size in this field [ 9 ]. For the first

ime, LT for CRLMs shifted from an experimental procedure to a 

ecognised oncological indication. In the per-protocol analysis, LT 

chieved an overall 5-year survival rate of 73 % compared to only 

 % in the chemotherapy arm, providing strong level I evidence in 

avour of transplantation for selected patients. 

In summary, the trajectory of LT for intestinal malignancies 

emonstrates a shift from high-risk salvage therapy to a treat- 

ent based on biological selection and increasing evidence. The 

ey milestones in both CRLM and NELM transplantation emphasise 

he essential importance of patient selection, multidisciplinary as- 

essment, and survival benefit. 

.2. NELM: from salvage therapy to selective indication 

Liver transplantation was proposed for NELMs in 1988 by 

’Grady et al., who reported 8 cases; their recommendation was 

ot to proceed until more stringent criteria could be established 

 26 ]. In the first era, LT was performed on patients with NELM, 

iming for the complete removal of macro- and micro-NELMs. 

owever, the prognosis during this earlier period was unsatisfac- 

ory, with 5-year OS and RFS rates of approximately 50 and 30 %, 

espectively [ 27 ]. 
2076
Indications extend further by considering the possibility of per- 

orming modified multivisceral transplants in locally advanced le- 

ions without liver metastasis or using liver-containing intestinal 

ransplants in selected patients. Isolated cases of multivisceral or 

odified multivisceral transplantation (MVT) in patients with ex- 

ensive mesenteric disease or tumours of the pancreatic head have 

een performed. Although technically feasible, MVT remains lim- 

ted to small case series and select institutional cohorts, and its 

ole is now mostly confined to exceptional, non-metastatic cases 

n experienced centres [ 28 ]. 

The paradigm began to shift with the introduction of the Milan 

riteria in 2007 [ 29 ], which established strict selection standards 

or patients with NELM: age < 60 years, well-differentiated tu- 

ours (G1–G2), resected primary tumour with portal drainage, no 

xtrahepatic disease, < 50 % liver involvement, and disease stability 

or ≥6 months. This marked a turning point: prospective applica- 

ion of these criteria showed 5-year overall survival rates exceeding 

0 %, prompting the formal inclusion in international guidelines 

 30 , 31 ]. Retrospective series and multicentre studies confirmed the 

ong-term efficacy of LT in this highly selected cohort [ 32 , 33 ]. 

. Prognostic factors and selection criteria in transplant 

ncology 

.1. Methodological foundations 

In transplant oncology, recognising the difference between 

rognostic factors and selection criteria is both conceptually and 

linically vital. 

Prognostic factors are variables that are independently associ- 

ted with clinical outcomes, such as overall survival or disease re- 

urrence, regardless of the treatment administered. They are usu- 

lly identified through multivariable analyses within large obser- 

ational datasets and help in estimating the natural progression of 

he disease. For instance, high CEA levels or the presence of right- 

ided colorectal cancer have been demonstrated to affect survival 

fter LT for CRLM [ 34 , 35 ]. 

Selection criteria, on the other hand, are practical tools used to 

valuate patient eligibility for specific therapies. These may include 
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rognostic factors but also encompass clinical, logistical, and some- 

imes empirical elements. Early in the development of a new trans- 

lant indication, such as LT for HCC or CRLM, selection criteria are 

ften based on expert consensus, case series, or pathophysiological 

easoning. For example, the Milan criteria, derived initially from a 

mall prospective study in HCC, have served as a key selection tool, 

espite their predictive limitations [ 36 , 37 ]. 

A key distinction is that prognostic factors are statistically vali- 

ated indicators of outcome. In contrast, selection criteria serve as 

atekeeping thresholds, often employed to enhance utility and fair- 

ess in resource distribution, especially in cases of organ scarcity 

 34 , 38 , 39 ]. 

As the clinical use of transplant indications progresses, a 

ethodological development is anticipated. Three stages can be 

dentified. 

An initial exploratory phase: selection criteria are based on pre- 

iminary evidence and expert opinion. A validation phase: larger 

egistries and multicentre cohorts enable the derivation of ro- 

ust prognostic factors. A personalised transplant phase: predictive 

odels incorporating both survival outcomes and treatment op- 

ions (e.g., transplant benefit versus chemotherapy) are developed 

 9 , 40 , 41 ]. In this final phase, it becomes increasingly important to

istinguish between prognostic and predictive factors [ 42 ]. While 

rognostic factors indicate likely outcomes, predictive factors sug- 

est differential responses to treatment options. Not all selection 

riteria are prognostic, and not all prognostic variables are predic- 

ive or incorporated into the selection process (Supplement Table 

). For instance, female sex was recently associated with worse 

urvival after LT for CRLM but has not yet been adopted into se- 

ection algorithms [ 35 ]. 

Selection criteria become essential for listing criteria, but prog- 

ostic factors might be used to establish priority for accessing a 

eceased donor. 

.2. Prognostic and selection variables in LT for CRLMs and NELMs 

LT for CRLM and NELM necessitates strict patient selection 

o optimise outcomes and ensure responsible organ allocation. 

able 1 summarises and contrasts the established selection criteria 

ith the emerging prognostic factors proposed for each condition, 

eflecting the growing evidence base and the biological differences 

n the diseases. 

In CRLM, selection criteria are primarily based on evidence from 

he SECA trials [ 6 , 25 ] and further refined by the TransMet study

 9 ], focusing on factors such as liver-only disease, durable response 

o chemotherapy, low CEA levels, and the absence of high-risk 

olecular markers (e.g., BRAF mutation). These factors not only 

redict favourable outcomes after transplantation but also indicate 

he potential for significant control through surgery. However, re- 

ent multicentre data have identified additional variables that may 

ndependently influence prognosis, regardless of their inclusion in 

urrent selection algorithms [ 35 ]. Female sex, right-sided primary 

umours, and elevated CEA levels have emerged as independent 

redictors of poor post-transplant survival in multivariate analy- 

es, emphasising the need to update existing frameworks based on 

arger datasets and predictive modelling. 

In contrast, selection criteria for NELM have been tradition- 

lly based on expert consensus (e.g., Milan criteria) [ 29–31 ]. They 

mphasise indolent tumour biology, the absence of extrahepatic 

pread, and sustained disease control. Prognostic refinement in 

ELM remains limited due to the relatively small number of trans- 

lant cases. However, poor differentiation (G3), a high Ki-67 in- 

ex, and PET positivity are repeatedly associated with worse out- 

omes in retrospective analyses [ 11 ]. This distinction between for- 

al eligibility criteria and genuine prognostic variables emphasises 

he significance of continual refinement, moving from expert-based 
2077



A. Vitale, G. Gondolesi, M. Finotti et al. Digestive and Liver Disease 57 (2025) 2074–2082

r

p

i

v

5

5

o

f

s

t

t

m

r

t

p

F

c

c

t

t

c

5

c

c

C

m

P

l

p

l

a

b  

a

p

v

t

t

b

t

w

i

5

d

e

t

m

c

t

b

d

p

i

i

f

b

(

t

a

t

t

p

c

p

o

c

t

t

6

w

i

p

i

l

t

s

6

d

s

s

r

F

l

[

6

s

s

a  

r

o

p

(

m

m

t

6

g

a

w

r

ules towards evidence-based, personalised risk models. As trans- 

lant oncology evolves, integrating multivariate prognostic tools 

nto selection procedures will be essential to maximise survival ad- 

antages and promote fair resource distribution. 

. Endpoints and allocation criteria 

.1. Overall survival vs. recurrence-free survival in transplant 

ncology 

In transplant oncology, especially in liver transplantation (LT) 

or intestinal malignancies, selecting appropriate clinical endpoints 

ignificantly impacts patient selection, trial design, and post- 

ransplant assessment. While recurrence-free survival (RFS) has 

raditionally been used to evaluate oncologic treatments, it can be 

isleading in the LT setting. RFS typically counts tumour recur- 

ence as an event (while death is censored) but does not differen- 

iate between lethal and non-lethal recurrences. 

Conversely, overall survival (OS) remains the most reliable and 

atient-centred endpoint in this context. This is demonstrated in 

ig. 2 A–C, which compare OS and RFS in three key transplant on- 

ology indications: CRLMs, NELMs, and HCC. Despite the high re- 

urrence rate after LT for CRLM, patients often survive for a long 

ime with controlled disease, highlighting the importance of priori- 

ising OS over RFS when assessing the effectiveness of LT in these 

onditions. 

.2. Allocation principles: utility, urgency, and transplant benefit 

Three main principles guide organ allocation in transplant on- 

ology [ 43 ]. Utility focuses on maximising post-transplant out- 

omes. Under this criterion, LT for NELM would be prioritised over 

RLM due to superior post-transplant survival metrics, as shown in 

ultiple studies [ 8 , 33 ]. 

Urgency addresses the risk of mortality without a transplant. 

atients with CRLM generally experience higher dropout rates and 

ower survival rates without LT compared to NELM, thus favouring 

rioritisation under this principle [ 9 , 32 ]. 

The transplant benefit combines both principles mentioned ear- 

ier, defined as the survival advantage of LT compared to the best 

lternative therapy. Recent data indicate that the 5-year transplant 

enefit from the day of LT is: 22.5 months for CRLM [ 9 ] ( Fig. 3 )

nd 12.8 months for NELM [ 32 ]. This combined concept of trans- 

lant benefit offers a fairer basis for resource allocation [ 44 ]. 

A graph in Fig. 4 shows the 5-year transplant benefit across 

arious transplant oncology indications using histograms. Notably, 

ransplant benefit values for CRLM and NELM were compared with 

hose of LT for HCC under specific conditions [ 45 , 46 ]. 

If we aim to achieve those results, the next ethical question will 

e whether it is justifiable to perform re-transplantation on pa- 

ients with recurrent hepatitis C cirrhosis, while denying patients 

ith CRLM or NELM a liver transplant, knowing that the outcome 

s at least similar, if not better. 

.3. Per-Protocol vs. intention-to-treat analysis 

A crucial methodological aspect in transplant oncology is the 

efinition of the analytical cohort used to estimate transplant ben- 

fit. While intention-to-treat (ITT) analysis includes all patients at 

he time of listing—thereby accounting for dropouts and waitlist 

ortality—its applicability is limited by external factors such as lo- 

al organ availability, listing policies, and disparities in access to 

ransplant. These confounding variables, often unrelated to tumour 

iology or treatment efficacy, may distort comparisons between in- 

ications. 
2078
In contrast, the per-protocol (PP) analysis, which only considers 

atients who underwent LT, enables a more controlled and biolog- 

cally meaningful comparison across oncological indications. This 

s especially valid in research settings or model-based allocation 

rameworks where access to transplants is standardised. 

The TransMet trial [ 9 ] illustrates this: the 5-year transplant 

enefit for CRLM was 22.5 months in the per-protocol cohort 

 Fig. 3 ), compared to 12.5 months in the ITT population. However, 

he ITT estimate was influenced by patients in the chemotherapy 

rm who ultimately underwent resection or even transplant af- 

er a positive treatment response, thereby artificially boosting non- 

ransplant survival. 

Therefore, the benefit of transplant under the per-protocol ap- 

roach should be prioritised when aiming to compare oncologi- 

al transplant indications fairly, especially when selection criteria, 

erioperative risks, and biological behaviour are the main factors 

f interest. We also need to recognise that no randomised clini- 

al trials or intention-to-treat analyses have been conducted by the 

ransplant community to validate Milan criteria or to perform liver 

ransplantation in HCC beyond the accepted criteria. 

. Expanding the transplant oncology criteria: beyond and 

ithin 

The future of transplant oncology relies on refining, not discard- 

ng, the core principles that guide current indications. One such 

rinciple is non-resectability, which supports accepted transplant 

ndications for CRLM (e.g., SECA/TransMet criteria) and NELM (Mi- 

an criteria). However, as our understanding of tumour biology and 

reatment pathways progresses, two potential categories of expan- 

ion are emerging. 

.1. Unresectable beyond criteria 

This group consists of patients who meet the essential con- 

ition of non-resectability, but whose tumour features fall out- 

ide the current selection criteria—for instance, due to exces- 

ive tumour burden, borderline biological markers, or a treatment 

esponse shorter than 6 months. These cases are discussed in 

ig. 5 A-B, where the transplant benefit is projected to be well be- 

ow 10 months at 5 years, indicating a modest survival advantage 

 9 , 47–49 ]. 

.2. Borderline resectable within criteria 

In contrast, this second group comprises patients who meet all 

tandard biological and morphological criteria for LT but are con- 

idered technically resectable, though with a high operative risk or 

n unfavourable prognosis after LR [ 50 ]. The issue is not a lack of

esectability itself but the expectation that LT might provide better 

ncological outcomes. As Fig. 5 C-D illustrate, the potential trans- 

lant benefit in these cases can be significant, especially in CRLM 

up to 20 months), and more moderate in NELM (approximately 8 

onths) [ 33 , 48 ]. 

These two models reflect different strategic directions: the for- 

er tests the outer limits of selection safety, while the latter ques- 

ions the clinical value of resectability as a binary endpoint. 

.3. Ethical sustainability and donor strategies 

Expanding indications raise ethical concerns, particularly re- 

arding organ allocation. However, innovative strategies like LDLT 

nd RAPID offer a framework to ethically explore these extensions 

ithout impacting standard indications. LDLT and RAPID have al- 

eady shown feasibility in pilot cases and may mitigate waiting list 
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Fig. 2. Overall Survival (OS) and Recurrence-Free Survival (RFS) after Liver Transplantation for Cancer. 

(A) Kaplan-Meier curves of OS and RFS in patients with colorectal liver metastases (CRLM) randomised to liver transplantation in the per-protocol arm of the TransMet study. 

(B) Kaplan-Meier curves of OS and RFS in patients undergoing liver transplantation for neuroendocrine liver metastases (NELM) within the Milan criteria. 

(C) Kaplan-Meier curves of OS and RFS in patients transplanted for hepatocellular carcinoma (HCC) fulfilling Milan criteria. 

RFS (Recurrence-Free Survival) represents the duration until recurrence, with deaths censored, as outlined by the protocol in each dataset. OS denotes the period from 

transplantation to death from any cause. All time axes are truncated at 60 months for consistency. 

The original survival curves were digitised using the software "Engauge digitiser," and the resulting coordinates were employed to reconstruct the individual survival data of 

TransMet patients. This method was developed by Guyot et al. [ 53 ] . 
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Fig. 3. Kaplan–Meier Survival Curves and Transplant Benefit in the TransMet Trial (Per-Protocol Analysis) [ 9 ]. Overall survival curves for patients with CRLM enrolled in 

the TransMet trial, comparing the LT plus chemotherapy (LT + CT) arm versus the chemotherapy-only (CT) arm, analysed per-protocol. The shaded grey area illustrates the 

transplant benefit, defined as the difference in restricted mean survival time (RMST) between the two groups over a 5-year period. The estimated transplant benefit is 22.5 

months. 

The survival curves of the TransMet study were digitised using the software "Engauge digitiser," and the resulting coordinates were employed to reconstruct the individual 

survival data of TransMet patients. This method was developed by Guyot et al. [ 53 ] The 5-year transplant benefit was then calculated as the difference between the areas 

under the Kaplan-Meier survival curves, truncated at 5 years, and expressed in life-expectancy months. The area under the curve was determined using the restricted mean 

survival time, which was limited to up to 5 years. 

Abbreviations: LT, liver transplantation; CT, chemotherapy; CRLM, colorectal liver metastases; RMST, restricted mean survival time. 

Fig. 4. Five-year Transplant Benefit (in months) across oncologic indications. 

Bar chart showing the estimated 5-year transplant benefit (measured as the difference in survival months between transplanted and non-transplanted patients) for selected 

indications in transplant oncology. These estimates are based on comparative survival models (per protocol or intention-to-treat, as appropriate). 

The chart emphasises the variability in expected benefits, with the largest gains seen in HCC BCLC D (28.5 months) and HCC XXL with partial response (26.5 months), 

and smaller gains in cases such as HCC XXL with complete response (9.9 months). This visualisation aids in framing discussions on fairness in allocation and the utility of 

transplantation. 
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Fig. 5. Simulated survival curves and 5-year transplant benefit estimations from 

the recent literature. A) Unresectable Beyond Criteria NELM [ 47 , 49 ]; B) Unresectable 

Beyond Criteria CRLM [ 9 , 48 ]; C) Borderline Resectable Within Criteria NELM [ 33 ]; 

D) Borderline Resectable Within Criteria CRLM [ 48 ]. 

Fig. 5. Continued 
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ressure [ 51 ]. When new policies are discussed for adoption, deci- 

ions should be based on clear data, and if such data is unavail- 

ble, it must be generated. Rejecting it simply because it might 

ffect transplant eligibility for non-cancer patients prevents those 

atients from benefiting from the currently proven, superior alter- 

ative. 

. Conclusions 

LT for intestinal malignancies has advanced from experimental 

tages to become a well-established option in carefully selected pa- 

ient groups. The integration of oncologic principles and transplant 

trategies has enabled the safe expansion of indications, especially 

or CRLM and NELM. Central to this progress is the implementa- 

ion of biologically informed selection criteria, reliable endpoints 

uch as overall survival, and quantitative models assessing trans- 

lant benefit. These methods help balance utility, urgency, and fair- 

ess in organ allocation. 

Emerging data support not only the current indications but also 

uggest that expansion to borderline resectable cases, particularly 

ithin established criteria, may provide a significant survival ad- 

antage. Conversely, cases that exceed these criteria and are un- 

esectable remain investigational due to limited benefits. The in- 

reasing role of living donor liver transplantation and innovative 

raft utilisation techniques, such as the RAPID approach, further 

ndorse the ethical feasibility of these strategies. 

Moving forward, transplant oncology must be guided by rigor- 

us clinical trial design, predictive modelling, and ethical consid- 

rations. Through multidisciplinary collaboration [ 52 ], liver trans- 

lantation can increasingly occupy a strategic role in the treatment 

lgorithms of selected metastatic intestinal cancers. 

eclaration of competing interest 

AV has received consulting fees from AstraZeneca, and Roche. 

EGG reports AbbVie, EISAI, Gilead, and Roche: speaking and 

eaching. Ipsen: advisory board. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.dld.2025.08.008 . 

https://doi.org/10.1016/j.dld.2025.08.008


A. Vitale, G. Gondolesi, M. Finotti et al. Digestive and Liver Disease 57 (2025) 2074–2082

R

 

 

 

 

[

[

[

[

[

[

[  

[

[

[

[  

[

[

[  

[  

[  

[

[

[

[

[  

[  

[  

[  

 

[  

[

[  

 

[

[

eferences 

[1] Hibi T, Itano O, Shinoda M, Kitagawa Y. Liver transplantation for hepatobil- 

iary malignancies: a new era of “Transplant oncology” has begun. Surg Today 

2017;47(4):403–15 . 
[2] Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS, Wad- 

dell WR. Homotransplantation of the liver in Humans. Surg Gynecol Obs 
1963;117:659–76 . 

[3] Abreu P, Gorgen A, Oldani G, Hibi T, Sapisochin G. Recent advances in 
liver transplantation for cancer: the future of transplant oncology. JHEP Rep 

2019;1(5):377–91 . 

[4] Ueberroth BE, Kriss M, Burton JR, Messersmith WA. Liver transplantation for 
colorectal cancer with liver metastases. Oncologist 2025;30(1) . 

[5] Mühlbacher F, Huk I, Steininger R, Gnant M, Götzinger P, Wamser P, et al. Is
orthotopic liver transplantation a feasible treatment for secondary cancer of 

the liver? Transpl Proc 1991;23(1):1567–8 . 
[6] Hagness M, Foss A, Line PD, Scholz T, Jørgensen PF, Fosby B, et al. Liver trans-

plantation for nonresectable Liver metastases from colorectal cancer. Ann Surg 
2013;257(5):800–6 . 

[7] Solheim JM, Dueland S, Line PD, Hagness M. Transplantation for nonresectable 

colorectal liver metastases: long-term follow-up of the first prospective pilot 
study. Ann Surg 2023;278(2):239–45 . 

[8] Dueland S, Smedman TM, Syversveen T, Grut H, Hagness M, Line PD. 
Long-term survival, prognostic factors, and selection of patients with colorectal 

cancer for liver transplant. JAMA Surg 2023;158(9):e232932 . 
[9] Adam R, Piedvache C, Chiche L, Adam JP, Salamé E, Bucur P, et al. Liver trans-

plantation plus chemotherapy versus chemotherapy alone in patients with 

permanently unresectable colorectal liver metastases (TransMet): results from 

a multicentre, open-label, prospective, randomised controlled trial. Lancet 

2024;404(10458):1107–18 . 
[10] Shah MH, Goldner WS, Benson AB, Bergsland E, Blaszkowsky LS, Brock P, et al. 

Neuroendocrine and adrenal tumors, Version 2.2021, NCCN Clinical Practice 
Guidelines in Oncology. J Natl Compr Cancer Netw Jul 2021;19(7):839–68 . 

[11] Gorji L, Brown ZJ, Limkemann A, Schenk AD, Pawlik TM. Liver transplant 

as a treatment of primary and secondary Liver neoplasms. JAMA Surg 
2024;159(2):211 . 

[12] Pascher A, Klupp J, Neuhaus P. Transplantation in the management 
of metastatic endocrine tumours. Best Pr Res Clin Gastroenterol 

2005;19(4):637–48 . 
[13] Heneghan MA, O’Grady JG. Liver transplantation for malignant disease. Best Pr 

Res Clin Gastroenterol 1999;13(4):575–91 . 

[14] Iesari S, Mocchegiani F, Nicolini D, Benedetti Cacciaguerra A, Coletta M, Mon- 
talti R, et al. Liver transplantation for metastatic wild-type gastrointestinal 

stromal tumor in the era of molecular targeted therapies: report of a first case. 
Am J Transplant 2019;19(10):2939–43 . 

[15] Cillo U, Gringeri E, D’Amico FE, Lanari J, Furlanetto A, Vitale A. Hepatocellular 
carcinoma: revising the surgical approach in light of the concept of multipara- 

metric therapeutic hierarchy. Dig Liver Dis 2025;57(4):809–18 . 

[16] Gondolesi G, Muñoz L, Matsumoto C, Fishbein T, Sheiner P, Emre S, et al. Hep-
atocellular carcinoma. J Gastrointest Surg 2002;6(1):102–7 . 

[17] Gondolesi GE, Roayaie S, Muñoz L, Kim-Schluger L, Schiano T, Fishbein TM, 
et al. Adult living donor liver transplantation for patients with hepatocellular 

carcinoma. Ann Surg 2004;239(2):142–9 . 
[18] Matsuda T, Fujimoto A, Igarashi Y. Colorectal cancer: epidemiology, risk factors, 

and public health strategies. Digestion 2025;106(2):91–9 . 

[19] Line PD, Ruffolo LI, Toso C, Dueland S, Nadalin S, Hernandez-Alejandro R. Liver 
transplantation for colorectal liver metastases: what do we need to know? Int 

J Surg 2020;82:87–92 . 
20] https://www.transplant- observatory.org/export- database/ ; 2025. https://www. 

transplant- observatory.org/export- database/ cited 2025 Jun 26. Transplant Ob- 
servatory. Available from: 

[21] Sambommatsu Y, Kumaran V, Imai D, Savsani K, Khan AA, Sharma A, et al. 
Early outcomes of robotic vs open living donor right hepatectomy in a US cen- 

ter. Surg Endosc 2025;39(3):1643–52 . 

22] Terrault NA, Francoz C, Berenguer M, Charlton M, Heimbach J. Liver transplan- 
tation 2023: status report, current and future challenges. Clin Gastroenterol 

Hepatol 2023;21(8):2150–66 . 
23] Hessheimer AJ, Hartog H, Marcon F, Schlegel A, Adam R, Alwayn I, 

et al. Deceased donor liver utilisation and assessment: consensus guide- 
lines from the European Liver and Intestine Transplant Association. J Hepatol 

2025;82(6):1089–109 . 

24] Hoti E, Adam R. Liver transplantation for primary and metastatic liver cancers. 
Transpl Int 2008;21(12):1107–17 . 

25] Dueland S, Syversveen T, Solheim JM, Solberg S, Grut H, Bjørnbeth BA, et al. 
Survival following liver transplantation for patients with nonresectable liv- 

er-only colorectal metastases. Ann Surg 2020;271(2):212–18 . 
26] O ̓GRADY JG, POLSON RJ, ROLLES K, CALNE RY, WILLIAMS R. Liver transplanta- 

tion for malignant disease. Ann Surg 1988;207(4):373–9 . 

27] Le Treut YP, Grégoire E, Klempnauer J, Belghiti J, Jouve E, Lerut J, et al. Liver
transplantation for neuroendocrine tumors in Europe—Results and trends in 

patient selection. Ann Surg 2013;257(5):807–15 . 
2082
28] Moris D, Tsilimigras DI, Ntanasis-Stathopoulos I, Beal EW, Felekouras E, Ver- 
nadakis S, et al. Liver transplantation in patients with liver metastases from 

neuroendocrine tumors: a systematic review. Surgery 2017;162(3):525–36 . 
29] Mazzaferro V, Pulvirenti A, Coppa J. Neuroendocrine tumors metastatic 

to the liver: how to select patients for liver transplantation? J Hepatol 
2007;47(4):460–6 . 

30] OPTN/UNOSLiverandIntestinalOrgan TransplantationCommittee. https://optn. 
transplant.hrsa.gov/media/2175/liver_boardreport_guidance_201706.pdf ; 2017. 

[cited 2025 Jun 26]. Briefingpaper:liver reviewboardguidancedocument.2017. 

Available from: https://optn.transplant.hrsa.gov/media/2175/liver_boardreport_
guidance_201706.pdf . 

[31] O’Toole D, Kianmanesh R, Caplin M. ENETS 2016 Consensus Guidelines for the 
management of patients with digestive neuroendocrine tumors: an update. 

Neuroendocrinology 2016;103(2):117–18 . 
32] Mazzaferro V, Sposito C, Coppa J, Miceli R, Bhoori S, Bongini M, et al. The

long-term benefit of liver transplantation for hepatic metastases from neu- 

roendocrine tumors. Am J Transplant 2016;16(10):2892–902 . 
33] Maspero M, Rossi RE, Sposito C, Coppa J, Citterio D, Mazzaferro V. Long-term 

outcomes of resection versus transplantation for neuroendocrine liver metas- 
tases meeting the Milan criteria. Am J Transplant 2022;22(11):2598–607 . 

34] McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M, Clark GM. Reporting 
recommendations for tumor marker prognostic studies (REMARK). JNCI: J Natl 

Cancer Inst 2005;97(16):1180–4 . 

35] Vitale A, Lanari J, Cillo U, Billato I, Rovetta A, Mansournia MA, et al. Sex-based
differences In survival after liver transplantation for colorectal cancer liver 

metastases: a multivariable analysis. JHEP Rep 2025:101505 . 
36] Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F, et al. Liver

transplantation for the treatment of small hepatocellular carcinomas in pa- 
tients with cirrhosis. N Engl J Med 1996;334(11):693–700 . 

37] Iasonos A, Schrag D, Raj GV, Panageas KS. How to build and interpret a nomo-

gram for cancer prognosis. J Clin Oncol 2008;26(8):1364–70 . 
38] Altman DG, Royston P. What do we mean by validating a prognostic model? 

Stat Med 20 0 0;19(4):453–73 . 
39] Kent DM, Steyerberg E, van Klaveren D. Personalized evidence based medicine: 

predictive approaches to heterogeneous treatment effects. BMJ 2018:k4245 . 
40] Bruix J, Sherman M. Management of hepatocellular carcinoma: an update δσ . 

Hepatology 2011;53(3):1020–2 . 

[41] Vickers AJ, Elkin EB. Decision curve analysis: a novel method for evaluating 
prediction models. Med Decis Mak 2006;26(6):565–74 . 

42] Clark GM. Prognostic factors versus predictive factors: examples from a clinical 
trial of erlotinib. Mol Oncol 2008;1(4):406–12 . 

43] Sangro B, Argemi J, Ronot M, Paradis V, Meyer T, Mazzaferro V, et al. EASL
Clinical Practice Guidelines on the management of hepatocellular carcinoma. J 

Hepatol 2025;82(2):315–74 . 

44] Cillo U, Burra P, Mazzaferro V, Belli L, Pinna AD, Spada M, et al. A multistep,
consensus-based approach to organ allocation in liver transplantation: toward 

a “blended principle model. Am J Transplant 2015;15(10):2552–61 . 
45] Vitale A, Morales RR, Zanus G, Farinati F, Burra P, Angeli P, et al. Barcelona

Clinic Liver Cancer staging and transplant survival benefit for patients 
with hepatocellular carcinoma: a multicentre, cohort study. Lancet Oncol 

2011;12(7) . 
46] Mazzaferro V, Citterio D, Bhoori S, Bongini M, Miceli R, De Carlis L, et al. Liver

transplantation in hepatocellular carcinoma after tumour downstaging (XXL): 

a randomised, controlled, phase 2b/3 trial. Lancet Oncol 2020;21(7):947–56 . 
[47] Eshmuminov D, Studer DJ, Lopez Lopez V, Schneider MA, Lerut J, Lo M, et al.

Controversy over liver transplantation or resection for neuroendocrine liver 
metastasis. Ann Surg 2023;277(5):e1063–71 . 

48] Lanari J, Hagness M, Sartori A, Rosso E, Gringeri E, Dueland S, et al. Liver trans-
plantation versus liver resection for colorectal liver metastasis: a survival ben- 

efit analysis in patients stratified according to tumor burden score. Transpl Int 

2021;34(9):1722–32 . 
49] Ngo L, Elnahla A, Attia AS, Hussein M, Toraih EA, Kandil E, et al. 

Chemoembolization versus radioembolization for neuroendocrine liver metas- 
tases: a meta-analysis comparing clinical outcomes. Ann Surg Oncol 

2021;28(4):1950–8 . 
50] Maspero M, Sposito C, Virdis M, Citterio D, Pietrantonio F, Bhoori S, et al. Liver

transplantation for hepatic metastases from colorectal cancer: current knowl- 

edge and open issues. Cancers 2023;15(2):345 . 
[51] Settmacher U, Ali-Deeb A, Coubeau L, Cillo U, Line PD, Guba M, et al. Aux-

illiary liver transplantation according to the RAPID procedure in noncirrhotic 
patients. Ann Surg 2023;277(2):305–12 . 

52] Serenari M, Angelico R, Lai Q, Patrono D, Scalera I, Kauffmann E, et al. Cur- 
rent management of hepatobiliary malignancies between centers with or with- 

out a liver transplant program: a multi-society national survey. Dig Liver Dis 

2025;57(2):459–66 . 
53] Guyot P, Ades A, Ouwens MJ, Welton NJ. Enhanced secondary analysis of 

survival data: reconstructing the data from published Kaplan-Meier survival 
curves. BMC Med Res Methodol 2012;12(1):9 . 

http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0001
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0002
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0003
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0004
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0005
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0006
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0007
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0008
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0009
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0010
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0011
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0012
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0013
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0014
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0015
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0016
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0017
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0018
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0019
https://www.transplant-observatory.org/export-database/
https://www.transplant-observatory.org/export-database/
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0021
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0022
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0023
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0024
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0025
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0026
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0027
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0028
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0029
https://optn.transplant.hrsa.gov/media/2175/liver_boardreport_guidance_201706.pdf
https://optn.transplant.hrsa.gov/media/2175/liver_boardreport_guidance_201706.pdf
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0031
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0032
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0033
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0034
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0035
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0036
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0037
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0038
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0039
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0040
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0041
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0042
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0043
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0044
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0045
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0046
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0047
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0048
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0049
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0050
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0051
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0052
http://refhub.elsevier.com/S1590-8658(25)00987-9/sbref0053

	Liver transplantation for intestinal malignancies
	1 The concept of transplant oncology: expanding the frontier to intestinal malignancies
	2 The ethical sustainability of liver transplantation for intestinal malignancies
	3 History of liver transplantation for intestinal malignancies
	3.1 CRLM: A two-step revolution, SECA’s vision and transmet’s validation
	3.2 NELM: from salvage therapy to selective indication

	4 Prognostic factors and selection criteria in transplant oncology
	4.1 Methodological foundations
	4.2 Prognostic and selection variables in LT for CRLMs and NELMs

	5 Endpoints and allocation criteria
	5.1 Overall survival vs. recurrence-free survival in transplant oncology
	5.2 Allocation principles: utility, urgency, and transplant benefit
	5.3 Per-Protocol vs. intention-to-treat analysis

	6 Expanding the transplant oncology criteria: beyond and within
	6.1 Unresectable beyond criteria
	6.2 Borderline resectable within criteria
	6.3 Ethical sustainability and donor strategies

	7 Conclusions
	Declaration of competing interest
	Supplementary materials
	References


