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Background and context

Colorectal cancer is the third most common malignancy
worldwide and the second leading cause of cancer-related
mortality.” The liver is the most frequent site of metastatic
spread. While surgical resection is the only potentially curative
option for colorectal liver metastases, many patients present
with disease that is technically unresectable or associated with
unfavorable oncological features.?™* Permanently unresectable
liver-only metastatic colorectal cancer has therefore long been
considered a palliative condition, treated exclusively with
systemic chemotherapy, with 5-year survival rarely
exceeding 10-15%.%°

In this context, liver transplantation (LT) emerged as a potential
therapeutic strategy. This approach was initially explored in
Norway, a setting less constrained by donor scarcity, where
the landmark SECA | and SECA Il pilot studies demonstrated
that a highly selected subset of patients could achieve survival
outcomes far exceeding those of historical controls.”™
However, confirmation in a randomized controlled trial was
required to address potential selection bias, assess feasibility
in organ-constrained allocation systems, and compare out-
comes with contemporaneous standard-of-care patients. The
TransMet trial was therefore designed to definitively answer a
simple but disruptive question: can LT, combined with
chemotherapy, improve survival compared with chemotherapy
alone in patients with permanently unresectable liver-only
colorectal metastases (CRLM)'%?

Objectives, methods, and findings

TransMet was a multicenter, open-label, randomized
controlled trial conducted in specialized European centers
between 2016 and 2021."° Eligible patients were aged 18-65
years, had histologically confirmed colorectal adenocarcinoma
with complete resection of the primary tumor, liver-only met-
astatic BRAF wild-type colorectal cancer deemed permanently
unresectable by an independent international multidisciplinary
validation panel, and sustained disease control after at least 3
months of chemotherapy during three or less lines of chemo-
therapy. In the transplantation arm, access to transplantation
was secured through a dedicated prioritization process
ensuring LT within 2 months after the last chemotherapy cycle.
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The primary endpoint was 5-year overall survival (OS) in an
intention-to-treat analysis, with secondary endpoints including
progression-free survival (PFS), perioperative outcomes,
recurrence patterns, and quality of life.

Among 157 screened patients, 94 were randomized (47 per
group). In the transplantation arm, 36 patients ultimately un-
derwent LT, with exclusions mainly due to disease progres-
sion. In the standard-of-care (SOC) arm, seven patients
underwent secondary resection and two received LT. Baseline
characteristics were well balanced: 98% of patients had syn-
chronous metastatic disease, and the median interval between
diagnosis and randomization was 15.9 months in the trans-
plantation arm vs. 13.5 months in the SOC arm. The primary
tumor originated from the left colon or rectum in 85% of pa-
tients; approximately 80% had pT3-T4 tumors, and more than
85% presented with a high hepatic tumor burden (>10 me-
tastases, largest lesion 250 mm). Nodal involvement was re-
ported in 55% vs. 66%, and RAS mutations in 36% vs. 28% of
patients in the transplantation and control groups, respec-
tively. Response to first-line chemotherapy was comparable,
with partial response observed in 57% of patients.

After a median follow-up of approximately 5 years, 5-year OS
was 56.6% in the LT arm compared with 12.6% in the SOC
arm (hazard ratio 0.37, p = 0.0003). In the per-protocol popu-
lation, 5-year OS reached 73.3% among transplanted patients
from the transplantation arm vs. 9.3% in the SOC arm (hazard
ratio 0.16, p <0.0001). PFS was significantly prolonged, with a
median exceeding 17 months in the LT arm vs. approximately
6 months in the SOC arm. Recurrence after transplantation
was frequent but often delayed and amenable to further
oncological treatments, resulting in a median secondary PFS
of 35.4 months. Perioperative morbidity and mortality were
consistent with standard LT practice, and long-term quality of
life was not significantly impaired.

Significance of findings

TransMet is the first randomized controlled trial to demonstrate
a substantial survival benefit of LT in carefully selected patients
with unresectable CRLM. The magnitude of benefit far ex-
ceeds that achieved by systemic therapies in this setting and,
importantly, meets accepted thresholds for graft utility, a core
principle in scarce resource allocation, with 5-year OS com-
parable to outcomes observed in established indications for
LT.""'2 Accordingly, for a subset of patients previously
considered incurable, LT offers long-term survival and the
realistic prospect of cure, fundamentally challenging long-
standing conceptual boundaries between transplant medi-
cine and oncology.

However, these results do not support indiscriminate expan-
sion of this indication. Eligibility in TransMet was highly
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restrictive, disease progression precluded LT in a substantial
proportion of candidates, and organ scarcity remains the major
ethical constraint. Compared with other recently emerging in-
dications for LT — such as perihilar or intrahepatic chol-
angiocarcinoma, or alcohol-associated hepatitis in patients
meeting strict addiction-related criteria — the potential impact
of CRLM on graft allocation may be even greater given the high
prevalence of CRLM, the relatively young age of affected pa-
tients, and the frequent absence of major comorbidities. While
the exact number of patients who could ultimately be referred
for this indication remains uncertain, the rigor and quality of the
selection process remain paramount.

This principle was central to the TransMet design and relied on
independent expert validation through an international multi-
disciplinary panel. In the trial, approximately 40% of patients
initially considered eligible were ultimately excluded by this
panel, underscoring its critical role in maintaining stringent
selection and preventing indication drift. This approach has
already been embraced by regulatory frameworks. In the
United States, CRLM has been granted MELD exception sta-
tus under the oversight of the National Liver Transplant
Oncology Review Board. Similarly, most European LT pro-
grams surveyed for this manuscript report that, in countries
where access to LT for CRLM has been implemented or is
being considered, eligibility is strictly regulated and contingent
upon centralized approval by all transplant centers and/or in-
dependent national boards (e.g. France, Spain, Belgium, and
the Netherlands). Further implementation in clinical practice
would require prioritizing access to LT, with prioritization
schemes that may range from urgent listing within 1-2 months
to other defined priority pathways.

In the future, the development of transplant oncology will more
than ever require expansion of the graft pool. This includes
advanced machine perfusion technologies, partial grafts,
extended-criteria donors — particularly from donation after
circulatory death — and living donor liver transplantation pro-
grams. In this context, two recent experiences from the United
States have reported particularly promising outcomes in the
same indication, reinforcing the potential of these strategies to
be validated in large prospective cohorts."®'*

Beyond allocation issues, additional challenges remain.
Refinement of candidate selection will likely be necessary, as
emerging analyses from western cohorts have identified
additional predictive factors, including sex, KRAS mutation
status, absence of prior liver-directed therapy, and tumor
burden, particularly the number of metastatic lesions.'>"”
Moreover, the optimal integration of peri-transplant chemo-
therapy remains unresolved, including the timing of treatment
discontinuation before LT and its resumption thereafter. These
questions are currently being addressed by a growing body of
ongoing studies — more than 20 to date, predominantly
observational, but including four randomized controlled trials.
Among these, the awaited SECA-IIl trial from Norway
(NCT03494946), comparing transplantation with chemo-
therapy, transarterial chemoembolization, or selective internal
radiation therapy, and the MELODIC trial from Italy
(NCT04870879) are expected to provide critical insights.

In conclusion, LT for CRLM is now a validated therapeutic
option, supported by randomized evidence and associated
with unprecedented survival outcomes in a strictly selected
subgroup of patients. Its success will depend on rigorous

selection, responsible allocation, and tight integration with
modern oncology practice. The remaining challenges are not
only scientific and technical, but also ethical, regulatory, and
organizational. If these challenges can be addressed while
maintaining strict and transparent criteria, transplant oncology
may represent one of the most transformative advances in
metastatic colorectal cancer over the coming decade.
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