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Liver transplantation in treatment of
colorectal liver metastases

Hepatic Oncology

Morten Hagness*'?

Practice points

e Historically, liver transplantation for colorectal liver metastases (CLM) has been
performed until 1995 when it was abandoned because of poor results and organ
shortage. Since then, survival after liver transplantation has increased with 20-30%,
oncological diagnostic tools and treatment has improved. Current experience is
limited to a Norwegian pilot study (SECA study, n = 21), which is followed by the
SECA 2 study. Practice points drawn from current experience:

e Liver transplantation for CLM is safe.
e The 5-year overall survival was 60%, disease-free survival 35% at 1 year.

e Five-year survival of about 60% for nonresectable CLM seems superior to best option
oncological treatment which is about 10% after start of first-line chemotherapy. This
is not established in a randomized controlled trial, but a retrospective comparison
with matched liver only metastases from a chemotherapy study supports this view.

e Even for the six patients in the SECA study that were liver transplanted on progressive
disease after all standard lines of chemotherapy and unfortunate characteristics,
survival appears better than chemotherapy. Retrospective comparison with matched
liver only metastases from a chemotherapy study supports this view.

e Established clinical factors known from liver resection after CLM such as largest tumor
load, Carcinoembryonic atigen (CEA) level, time from primary colorectal cancer (CRC)
to liver transplantation and response to chemotherapy is significantly associated with
survival. This could be used to patient selection in order to improve survival.

e The potential for cure needs to be established by a plateau in survival curve, but from
previous experience there have been long-time survivors.

e Current studies include: the SECA 2 study, which involves implementation of selection
factors in two uncontrolled study arms and an RCT between liver transplantation and
liver resection for CLM with large tumor load [1]. The RAPID study, exploring left lateral
liver transplantation and an ALLPS-like resection in CLM patients [2]. A European
multicenter RCT on liver transplantation versus chemotherapy for nonresectable
disease is planned.
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SUMMARY Surgical resection is the only curative modality for colorectal liver metastases
(CLM) and 5-year overall survival after resection is about 40%. Nonresectable CLM is not
curable and 5-year overall survival is currently about 10%. Before 1995, several liver
transplantations for CLMs were performed, but outcome was poor (5-year survival rate:
18%). Liver transplantation for CLMs was abandoned and CLMs were even considered a
contraindication to the procedure. Since then, the survival rate after liver transplantation
in general has improved by almost 30%. In a prospective pilot study of liver transplantation
for nonresectable CLM, a 5-year overall survival rate of 60% was demonstrated, however
19 of 21 patients experienced recurrence of disease. Here, current knowledge and ongoing
research in this field is reviewed, and the potential role for liver transplantation as one of

several treatment modalities for CLM discussed.

Background

Colorectal cancer (CRC) is the third most com-
mon cancer in men and the second in women [3].
Hepatic metastases develop in more than 50%
of CRC patients [4]. Among those with liver
only metastases, 10-30% are reported to have
potentially resectable disease that can be treated
with curative intent [4]. The current treatment for
patients with colorectal liver metastases (CLM) is
multimodal, including liver resection, chemother-
apy, targeted therapies (monoclonal antibodies),
interventional radiology and radiotherapy.

Surgical treatment of colorectal liver metas-
tases (CLM) is the only measure with curative
potential. In a recent comprehensive meta-
analysis on 116 peer-reviewed papers published
between 1999 and 2010, 86 studies reported a
5-year overall survival that was median 38%
(range 16-74%) [4]. A report from the Memorial
Sloan-Kettering Cancer Center, demonstrated
a plateau at 17% in disease-specific survival at
about 10 years post hepatic resection [s]. This
strongly indicates that the procedure is poten-
tially curative. The 10-year survival is in the
range of 12-36% in recent studies [6]. For non-
resectable CLM, the overall survival has dou-
bled from 12 to 24 months after start of first-
line chemotherapy the last decade. However,
oncological treatment alone is not curative and
the 5-year overall survival after start of first-line
chemotherapy is currently at best 12% (7], after
start of second-line chemotherapy the overall
survival is in the range of 10~12 months (8], and
about 6—8 months after third line [9].

The primary goal in the treatment of the
CLM patient is thus to remove the metastases
surgically. This will offer a potential of cure and
enhance survival regardless of tumor stage. The
criteria for resectability has evolved from tumor-
specific factors to retaining adequate liver volume
after resection; and from emphasis on formal
resections toward a more aggressive approach
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where providing a sufficient liver remnant (usu-
ally 20-30% in normal liver tissue) is the key
element [10]. In addition, several strategies have
been developed in order to enhance amount of
patients available for surgery (Figure 1). These
involve downstaging of the metastases in con-
version therapy [11], or expansion of the future
liver remnant in two-stage hepatectomy and por-
tal vein embolization [10,12]. A novel approach is
the Associating Liver Partition and Portal Vein
Ligation for Staged Hepatectomy (ALLPS)
technique which includes portal vein ligation in
combination with liver partition. This induces
rapid hypertrophy of the liver remnant followed
by an early stage 2 procedure [1314]. Taken
together, the expansion of resectability criteria,
the novel strategies to increase resectability and
conversion therapy have increased the number of
patients that are considered surgical candidates
for resection from less than 10% to more than
20% during the last decade, and further growth
is anticipated [10]. At the same time, the 5-year
survival has improved from 30% in a compre-
hensive meta-analysis on studies published before
2001 [15] to 38% in a recent report [10].

Nevertheless, about 75% of the CLM patients
currently end up with nonresectable disease and
is only offered palliative care. For these patients,
liver transplantation could be a treatment option.
Conceptually, liver transplantation would offer a
RO procedure and have the possibility to expand
the pool of surgically removable CLM. In this
review, previous experiences, publications and
ongoing studies in for liver transplantation for
CLM are reported.

¢ Previous experience with liver
transplantation for CLM

Cancer constitutes 14% of primary diseases
leading to liver transplantation in Europe. Liver
transplantation for hepatocellular carcinoma
(HCC) was hampered with poor results until the
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Primary CRC

Enhance survival:

Surgical technique
Adjuvant therapy
Liver transplantation?

Disease-free after
5 years ~45%

Increase resectability:

Two stage procedures
ALLPS
LR expansion
Conversion therapy
Liver transplantation
Lt + ALLPS?

Long time survivors

Figure 1. Treatment options for colorectal cancer. The only curative measure is surgical
removal of metastases, and the current goal is to expand the fraction of patients eligible for
surgical treatment. Liver transplantation is currently being explored both for surgical removal of
nonresectable colorectal liver metastases, and to enhance survival in patients with resectable

disease and large tumor load.

ALLPS: Associating liver partition and portal vein ligation for staged hepatectomy; CRC: Colorectal
cancer; LR: Liver remnant; Lt + ALLPS: Combined associating liver partition and portal vein ligation
for staged hepatectomy and segment 2+3 split liver transplantation (RAPID procedure).

development of robust patient selection strategies
was initiated by the Milan group in the 1990s
which transformed HCC to one of the major
indications for liver transplantation [16,17]. For
cholangiocarcinoma, a combination of carefully

selected patients and a multimodal aggressive
oncological treatment developed by the Mayo
Clinic has rendered excellent results with over-
all survival rates of about 70% for nonresect-
able cholangiocarcinoma [18,19]. Also, metastases
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from neuroendocrine tumors have emerged as an
established indication for liver transplantation [20].

Liver transplantations for CLM were not
uncommon in the early phase of liver transplan-
tation. In two of the first seven liver transplanta-
tions performed in 1963 and 1964, the indica-
tion was colon metastases [21]. The majority of
procedures were performed before 1995. In the
European Liver Transplant Registry (ELTR),
50 cases were reported from 1968 to 1995. Based
on ELTR data, the 1- and 5-year survival prior to
1995 was 62 and 18%, respectively [22]. Twenty
four of the procedures were performed as part
of a program in Vienna that lasted from 1984
until 1994, the remaining performed as sporadic
procedures at several centers. The Vienna group
reported 30 days perioperative mortality of 30%
in the initial parts of the series that included the
learning phase of liver transplantation [23]. In
44% of the cases, graft loss was not related to
tumor recurrence [24]. They soon restricted the
procedure to patients with histologically lymph
node negative primary tumor (pNO0), which
improved the results. However the program
was abandoned in 1994 due to a high rate of
recurrence and decline in available donor liv-
ers [25]. A subgroup of three pNO patients that
were without genetically detectable micrometas-
tases achieved long-term survival, one more than
22 years after liver transplantation [25]. Further,
there are case reports with recurrence-free sur-
vival after 5 and 10 years [26,27]. These cases dem-
onstrate that long-term survival is possible after
liver transplantation for CLM.

Liver transplantation for nonresectable
CLM in Norway - The SECA study

Due to traditionally low prevalence of hepatitis
C and a fortunate donor situation, the average
waiting time for donor livers in Norway until
recently has been less than 1 month and few die
on the waiting list [2829]. This made it possible
to explore new indications for liver transplanta-
tion, including malignancies. In the early part
of the millennium, CLM were considered a con-
traindication for liver transplantation [30]. Data
from The European Liver Transplant Registry
(ELTR) showed 5-year survival of 18% after
liver transplantation for CLM prior to 1995.
However, survival after liver transplantation has
improved with 20 to 30% since then. In addi-
tion, there have been improvements in oncologi-
cal treatment and imaging techniques, as well
as the introduction of the mammalian target of
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rapamycin (mTOR) inhibitors as immunosup-
pressive drugs with antioncogenic properties.
Based on these factors, 5-year overall survival
after liver transplantation for CLM of 50% was
anticipated [22].

The SECA study was a pilot study for non-
resectable CLM that was initiated at Oslo
University Hospital in 2006. A total of 21 patients
underwent liver transplantation in this study.
The 5-year overall survival was 60% (95%
CI: 34-85%). Median follow-up was 27 months
(range 8—60 months). Six of 21 patients died due
to disseminated cancer after median 26 months
(range 6—41 months) after liver transplantation.
Disease-free survival was 35% at 1 year, and 19 of
the 21 patients experienced recurrences, however,
a significant proportion of these were accessible
for surgery and at follow up 33% of the patients
had no evidence of disease [31].

The initial study protocol was quite strict
regarding extent of disease and response to chem-
otherapy; but after 11 months without included
patients, a protocol amendment with wider
inclusion criteria was approved. These consisted
broadly of minimum six weeks of chemotherapy,
good performance status and absence of extra-
hepatic disease. So, principally nonresectabil-
ity was the only criterion for patient selection.
Accordingly, the study population ended up het-
erogeneous regarding T and N stage, previous
exposure and response to oncological treatment.
At time of liver transplantation, 16 patients had
progressed on first or later lines of chemotherapy,
six patients had progressed on all standard lines
of chemotherapy, and 38% of the patients had
received second-line chemotherapy. The hepatic
tumor load was extensive; median number of
metastatic lesions was eight (range 4-40 metas-
tases), and median diameter of the largest lesion
was 4.5 cm (range 2.8-13.0 cm) [31].

Since the survival benefit from hepatic resec-
tion for CLM is extensively documented, the
prognostic factors and the corresponding clini-
cal scoring systems are not used in the decision-
making on whether to perform hepatic resection
or not. However, regarding liver transplantatio
n for CLM the selection of patients is important
because of the scarcity of donor livers. Outcome
for a new indication must prove to be compara-
ble or better than outcome for established indica-
tions for liver transplantation. The heterogene-
ity of the SECA population made it likely that
there were differences in prognostic profiles of
the patients. In both the patients with shortest
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survival, breaching of the liver capsule and cancer
infiltration of diaphragm were found after vital
structures were divided and transplantation una-
voidable [31]. Four factors were found to be signifi-
cantly associated with survival: maximal hepatic
tumor diameter above 5.5 cm, time from primary
cancer surgery less than two years, carcinoembry-
onic antigen of more than 80 pg/l and progressive
disease at time of liver transplantation. These are
established clinical prognostic factors known from
studies on liver resection. Five of the six deceased
patients had all of these factors present. Very cau-
tious interpretation on these findings is stressed
because of the small study population, but the
findings demonstrate a potential for selecting
patients based on clinical parameters [31]. Since the
original report the SECA data has matured with
more than two years. At 65 months (range 19-85
months) post liver transplantation, the four prog-
nostic factors were still significantly associated
with survival, and if excluding the five patients
with all four factors present, the survival at 6 and
7 years was 60%. [32].

All patients in the SECA study that was
observed for more than 11 months experienced
recurrence of disease. The median time to
recurrence was 6 months (range 2-24 months),
17 patients experienced lung metastases and
7 patients received metastases to their new
liver. At end of follow up, seven patients were
alive with no evidence of disease, eight patients
were alive with recurrence and six patients were
deceased (Box 1).

The initial recurrence pattern was: 68% lung
metastases, 11% liver and lung metastases, 11%
lymph node metastases, 5% liver and ovarian
metastasis and 5% experienced local recurrence
of rectal tumor as first recurrence. No patient
had metastases to the new liver only as first site,
and liver metastases developed exclusively as part
of disseminated disease. At end of follow-up, six
of the seven patients that developed liver metas-
tases were dead. Median time from diagnosis of

Liver transplantation in treatment of colorectal liver metastases

liver metastases to death was 14 months (range
4-21 months). In contrast, all the 12 patients
with recurrences that did not include the liver
were alive at end of follow up, and patients with
pulmonary first site recurrence had a 5-year
overall survival of 72% [33].

Because the pulmonary metastases were slow
growing, reassessment of CT scans by one expe-
rienced radiologist was performed. Tracing back
from evident metastases in all the 17 patients
with pulmonary manifestations, revealed
that seven of them had pulmonary metasta-
ses appearing as small nodules at time of liver
transplantation. Four of them had pulmonary
deposits on earlier CT scans as well (2, 2, 3 and
12 months prior to liver transplantation, respec-
tively). The survival analysis showed that the
presence of these metastases at the time of liver
transplantation did not have negative impact on
survival [32,33].

The SECA study was an uncontrolled pilot
study. In order to compare survival after liver
transplantation with outcome from a modern
chemotherapy study, data from a similar cohort
of patients included in the NORDIC-VII study
were obtained [34]. The NORDIC-VII study
was a three-arm, multicenter Phase III trial on
Nordic FLOX and two different regimens con-
taining cetuximab and FLOX as first-line treat-
ment of metastatic CRC [35]. Patients that had
nonresectable CLM, no extrahepatic disease, no
BRAF mutation and similar age were extracted
from the NORDIC-VII database. The study
population characteristics ended up comparable
to the SECA population; however 5-year overall
survival was 9% after start of first-line chemo-
therapy (n = 47), significantly shorter than the
5-year overall survival in the SECA study [34].
Six of the patients in the SECA study had pro-
gressive disease on all standard lines of chemo-
therapy, three after three lines of chemotherapy
and three with mutation of Kras after second line
of chemotherapy. For these patients, the median

Box 1. Recurrences after liver transplantation for colorectal liver metastases, experiences from

the SECA study.

e Recurrence of disease was almost universal. AlImost all patients develop pulmonary
metastases. These are slow growing and several are accessible to surgical treatment.

e Inthe SECA study, pulmonary metastases at time of - or even prior to liver
transplantation were found without affecting survival negatively.

e Thirty three percent of the patients developed metastases to the new liver. These
were only seen as part of disseminated disease and were devastating prognostically.
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overall survival was 41 months and 5-year over-
all survival was 41%. In the Nordic-VII study,
the median overall survival for a similar cohort
was significantly shorter, 5.6 months, and all
patients were dead before 2 years. [36).

Discussion & future perspective

The implementation of liver transplantation
for CLM in modern clinical practice is novel
and its place in treatment of CLM is far from
established. There is only one study currently
reported, the size was small, the frequency of
recurrences almost universal and the data need
to mature (Box 2) [37]. Principally, demarcations
between liver transplantation and chemother-
apy for CLM, between liver transplantation
and liver resection for CLM, as well as between
liver transplantation for CLM and established
indications for CLM need to be established.

Liver transplantation for nonresectable
CLM versus chemotherapy

The 5-year overall survival of 60% from the
SECA study and the preliminary update data
seem better than chemotherapy which currently
offer median survival of about 24 months,
and 5-year overall survival up to 12% after
start of first-line chemotherapy (7). None of
the patients in the SECA study were at start
of first-line chemotherapy. Sixteen of the 21
SECA patients had progressed on first or later
lines of chemotherapy. Six patients had pro-
gressed on all standard lines of chemotherapy;
the 5-year overall survival for these six patients
was 44% and median overall survival was 41
months [36]. In comparison, the only drug that
has demonstrated prolonged survival in treat-
ment of metastatic CRC after progression on
all lines of chemotherapy is Regorafenib. In

a multicenter trial on this drug, the median
survival was enhanced from median 5.0 to
6.4 months [38]. Also, the comparison with the
matched group of CLM only in the NORDIC-
VIII study strengthens the impression that
liver transplantation for nonresectable CLM is
superior to chemotherapy alone [34:36]. However,
efficacy measures and potential benefit, as well
as validation of the SECA data should prefer-
ably be obtained in a randomized controlled
trial. For this purpose, a European multicenter
study initiated in Paris and comprising 20 cent-
ers is under evaluation. The plan is to conduct
a randomized controlled trial between liver
transplantation and chemotherapy.

A major concern for adapting the modal-
ity internationally is the short waiting time
for donor livers in the SECA study. The mean
time on waiting list in the study population
was 17 days, which reflects the short waiting
list at the time in Norway. In any other deceased
donor program, the time on waiting list would
probably be considerably longer. How longer
waiting list figures will affect patient survival
and thus the survival benefit, is a key ques-
tion if the procedure should be adapted in a
deceased donor program outside Norway. One
could speculate on whether longer waiting time
will improve outcome due to a selection effect.
Oslo University Hospital directly adapted the
protocol for liver transplantation for nonresect-
able hilar cholangiocarcinoma developed in the
Mayo Clinic, Rochester. For the six patients
that have been treated by this protocol in Oslo
since 2009, the results seem inferior to the US
results, with five cancer deaths and a median
overall survival of 26 months [39]. This con-
trasts the finding that 5-year survival after liver
transplantation in general in Oslo is 83% which

Box 2. Key concerns for liver transplantation for colorectal liver metastases.

prove similar outcome.

uncertain.

e The main obstacle to further investigation of liver transplantation for colorectal
liver metastases is global shortage of donor livers. Long-term survival after most
established indications for liver transplantation is excellent and new indications must

e Modern experience is restricted to one pilot study so far. Lack of randomized
controlled trial for liver transplantation versus chemotherapy.

e Selection criteria are not established and there are currently no available effect
measures. This makes assessment of benefit and evidence-based donor liver
allocation for this condition impossible at the moment.

e Recurrence of disease in the pilot was almost universal. Curative potential is still

Hepat. Oncol. (Epub ahead of print)
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is high compared with most centers [40]. The
time on waiting list for cholangiocarcinoma in
Oslo was 15 days, while in a report from the
US experience; the median time on waiting list
was 6.9 months and the dropout rate 31% [41].
A possible reason for the inferior results could
be the absence of such patient selection effect
in Norway [19].

Another concern that has been addressed
is whether the procedure has curative poten-
tial considering the short disease-free survival
and almost universal recurrence of disease [37].
Whether the procedure is curative or not, will
be determined if a plateau in the survival curve
occurs at some point. If one can extrapolate
experiences from liver resection for CLM, this
plateau should be established at about 10 years
after the procedures (Figure 2) [s].

Liver transplantation for CLM versus
established indications for liver
transplantation

The main current challenge in liver transplan-
tation is the scarcity of donor livers. In United
States, more than 16,000 patients are awaiting
donor livers, while only 5-6000 procedures are
performed yearly and about 2000 die on waiting
list each year [42]. Although, the donor situa-
tion in Norway in comparison is favorable, the

Survival (%)
(9)]
o
|
7

10+ Chemotherapy
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waiting lists are getting longer and ultimately
the donor organ shortage needs to be also
addressed here.

With the precaution of small sample size in
the SECA study, the outcome of 60% overall
survival at 5-year post liver transplantation is
superior to the survival for retransplantations,
and especially after recurrent hepatitis C cirrho-
sis [43]. Retransplantations constitute 5-10% of
transplantations and patients tend to routinely
be put on waiting list for this condition. Further,
the inclusion criteria in the SECA trial were
wide, and the common clinical factors that could
be used for patient selection were identified.
Implementing some of these factors as selection
criteria could potentially improve survival (32]. In
the ongoing SECA 1I study, the aim in two of
the arms is to achieve 5-year overall survival of
60 and 80% by application of selection criteria
identified in the pilot study [1].

Further, comparison of overall survival curves
only partly reflects the truth when it comes to
the justice of introducing a new indication for
liver transplantation. Another approach would
be comparison of the potential transplant ben-
efit of the procedures [44]. As pointed out by
Martins et al., the justice over utility ratio in the
SECA study is 50% [45]. The low survival for the
alternative treatment, which for nonresectable

SECA trial

Years

Figure 2. Possible future development of the overall survival after liver transplantation for
colorectal liver metastases in the SECA trial. Gray lines are Kaplan Meier plots of overall survival
in the SECA study with 95% confidence interval. Projected curative curves in blue with plateaus at

10 years post procedure. Red line is a projected palliative curve in the case of no long-time survivors.
Lower stapled line is typical overall survival for nonresectable colorectal liver mestastses patients

treated with modern chemotherapy.

Adapted with permission from [31] © Walters Kluwer Health (2013).
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CLM is chemotherapy, will yield high benefit
at 5 years when overall survival rates are in the
range of 60%. Again with caution of small num-
bers and no direct effect measures, the transplant
survival benefit appears to be in the same range
or better than after resectable HCC within the
Milan criteria [44].

An aspect which is pointed to by Martins ez a/.
is that the patients with CLM acceptable for
liver transplantation are in general good condi-
tion [45]. In the SECA study the requirement was
Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1. Eligible CLM
patients do not exhibit portal hypertension,
coagulopathy or renal failure associated with
liver failure in the cirrhotic patient, and is as such
at lower risk for surgical complications postop-
eratively. Primary nonfunction is associated
with higher MELD scores and the absence of
liver failure makes the CLM patient more likely
to tolerate a lesser quality allograft. Extended
criteria graft, such as grafts with steatosis and
prolonged ischemia time, that might otherwise
be discarded because of the excessive risk for
primary nonfunction in a patient deteriorated
with liver failure could successfully be used in
the setting of CLM (46]. Further, the prognosis
of nonresectable CLM is so poor that one could
probably accept grafts with slightly higher risk
of transferring malignancies or infections such as
seropositive hepatitis B patients or patients with
previous cancer. About 3% of procured deceased
donor grafts are discarded because of concerns
regarding quality or other risk factors [4s].

The use of living donor donation is another
way of expanding the donor pool. In parts of the
world, such as several Asian countries, this is the
main source of donor livers. The main concern
for living donor liver transplantation is the donor
mortality between 0.2 and 0.5% and morbidity
of up to 40% [47]. This makes weighing the risk
to donor and outcome of recipient important.
Recipients should be carefully selected to avoid
exposing the donor to an unacceptable risk in
order to donate the liver to a recipient with poor
outcome. No such selection criteria have so far
been developed for CLM, making this a poten-
tially highly experimental strategy. Nevertheless,
a case report from Zagreb showed 5-year recur-
rence-free survival after a right lobe living donor
liver transplantation for nonresectable CLM [26].

Another possibility to expand the pool of
accessible organs is the use of split-liver grafts.
A novel approach being explored in our hospital

Hepat. Oncol. (Epub ahead of print)

is a hybrid technique combining an ALLPS-like
procedure and a small left lateral (segment 2-3)
split liver transplantation. The transplantation
of left lateral segments is safe, but the volume of
the left lateral donor liver graft is almost never
sufficient for an adult recipient. However, the
accelerated hypertrophy of the left lateral lobe
following right portal vein ligation and 77 situ
splitting of the liver could potentially be utilized
in this setting [13]. The concept is that resection
of the patients left liver, followed by orthotopic
placement of a left lateral segment graft facilitates
hypertrophy within few weeks and the remaining
metastatic liver would be removed before further
cancer development. The remaining split liver is
used for another patient leaving the impact wait-
ing list minimal. If feasible, this modality could
also pave the way for utilization of left lateral
living donor graft for this purpose, which carries
minimal risk for the donor [48]. The first patient is
included and successfully treated in this study [2].

Liver transplantation versus resection

of CLM

Resectability in liver surgery is an evolving con-
cept that differs between centers. From an onco-
logical perspective, whether CLMs are techni-
cally resectable or not might not be the optimal
criterion for selection of CLM patients to liver
transplantation. The 5-year overall survival of
60% in the SECA study is in the range as the best
of the liver resection studies. Consequently, there
are several subgroups of patients with resectable
CLM that exhibit inferior survival than the
patients in the SECA study. In patients with large
tumor load, reported survival is lower after resec-
tion than in the SECA-study. In patients with six
or more CLMs, the 5-year overall survival is only
19-27% [4950]. In the following SECA 1I trial,
one of the arms involves randomization to liver
transplantation or resection in selected patients
with more than six metastases [1].

Conclusion

Liver transplantation has the potential to be a
part of the armamentarium of treatment modali-
ties for CLM, but to what extent is yet to be
established (Figure 1). The most obvious group
that probably would benefit from the procedure
is CLM patients with favorable prognostics and
nonresectable disease despite modern surgical or
oncosurgical approaches. Only a fraction of this
group would be transplantable because of old age
and comorbidity.
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Future perspective

The main challenge for further exploration
of liver transplantation for CLM is the scar-
city of donor livers worldwide. Strategies such
as improving patient selection, utilization of
extended criteria or high-risk liver grafts, pri-
ority over established indications with inferior
outcome and the possible utilization of small
left lateral donor grafts in combination with
ALLPS-like resection is currently being inves-
tigated in order to meet this challenge. In a
longer perspective, improvement in resectabil-
ity and oncological treatment might dimin-
ish the population that will benefit from liver
transplantation for CLM. On the other hand,
the recent introduction of antiviral drugs with
capacity to eradicate hepatitis C might reduce
the huge impact this condition has on the wait-
ing list and hopefully expand the pool of avail-
able donor livers for other indications. Also, liv-
ing donor liver transplantation might be part
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