
Long-Term Survival, Prognostic Factors, and Selection of Patients
With Colorectal Cancer for Liver Transplant
A Nonrandomized Controlled Trial
Svein Dueland, MD, PhD; Tor Magnus Smedman, MD, PhD; Trygve Syversveen, MD, PhD; Harald Grut, MD, PhD;
Morten Hagness, MD, PhD; Pål-Dag Line, MD, PhD

IMPORTANCE Liver transplant for colorectal cancer with liver metastases was abandoned
in the 1990s due to poor overall survival. From 2006, liver transplant for in nonresectable
colorectal liver metastases has been reexamined through different prospective trials.

OBJECTIVE To determine predictive factors for transplant long-term survival and cure after
liver transplant.

DESIGN, SETTING, AND PARTICIPANTS This was a prospective, nonrandomized controlled
cohort study derived from different clinical trials on liver transplant for colorectal liver
metastases from 2006 to 2020 at Oslo University Hospital. The trials differed in prognostic
inclusion criteria, but the design was otherwise identical regarding follow-up scheme to
determine disease recurrence, overall survival, and survival after relapse. Final data analysis
was performed on December 31, 2021. All patients with colorectal liver metastases from
comparable prospective liver transplant studies were included.

EXPOSURE Liver transplant.

MAIN OUTCOMES AND MEASURES Disease-free survival, overall survival, and survival time
after recurrence were determined in all participants.

RESULTS A total of 61 patients (median [range] age, 57.8 [28.7-71.1] years; 35 male [57.4%])
underwent liver transplant at Oslo University Hospital. Posttransplant observation time
ranged from 16 to 165 months, and no patient was lost to follow-up. Median disease-free
period, overall survival, and survival after relapse were 11.8 (95% CI, 9.3-14.2) months, 60.3
(95% CI, 44.3-76.4) months, and 37.1 (95% CI, 4.6-69.5) months, respectively. Negative
predictive factors for overall survival included the following: largest tumor size greater than
5.5 cm (median OS, 25.3 months; 95% CI, 15.8-34.8 months; P <.001), progressive disease
while receiving chemotherapy (median OS, 39.8 months; 95% CI, 28.8-50.7 months; P = .02),
plasma carcinoembryonic antigen values greater than 80 μg/L (median OS, 26.6 months;
95% CI, 22.7-30.6 months; P <.001), liver metabolic tumor volume on positron emission
tomography of greater than 70 cm3 (26.6 months; 95% CI, 11.8-41.5 months; P <.001),
primary tumor in the ascending colon (17.9 months; 95% CI, 0-37.5 months; P <.001), tumor
burden score of 9 or higher (23.3 months; 95% CI, 19.2-27.4 months; P = .02), and 9 or more
liver lesions (42.5 months; 95% CI, 17.2-67.8 months; P = .02). An Oslo score of 0 or Fong
Clinical Risk Score of 1 yielded 10-year survival of 88.9% and 80.0%, respectively.

CONCLUSIONS AND RELEVANCE Results of this nonrandomized controlled trial suggest
that selected patients with liver-only metastases and favorable pretransplant prognostic
scoring had long-term survival comparable with conventional indications for liver transplant,
thus providing a potential curative treatment option in patients otherwise offered only
palliative care.
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C olorectal cancer (CRC) is one of the most frequent ma-
lignancies in Western countries.1 Many patients have
metastatic disease at time of diagnosis, and other pa-

tients develop metastatic disease after treatment of the pri-
mary tumor. The liver is the most common metastatic site.2

Liver resection is considered the only curative treatment for
liver metastases. However, only approximately 20% of the pa-
tients with liver metastases are candidates for liver resection
due to location, size or number of lesions, or extrahepatic
disease.2 Five-year overall survival (OS) after liver resection is
30% to 50% in most studies.2,3 The treatment option for the
majority of patients with CRC and liver metastases is pallia-
tive chemotherapy with a reported median overall survival (OS)
of approximately 24 to 30 months and 5-year OS of 10%.4-6

Liver transplant (LT) is standard of care for patients with
end-stage liver failure and for selected patients with hepato-
cellular carcinoma within the Milan criteria as well as se-
lected patients with low-grade neuroendocrine tumors.7,8 The
OS at 5 years for these patient groups often ranges from 63%
to 75%.7-10 Similarly, LT for hilar cholangiocarcinoma accord-
ing to the Mayo protocol is accepted as a valid indication in
many countries.11,12 More recently, experimental LT for intra-
hepatic cholangiocarcinoma has been reported with a 5-year
OS of approximately 50%.13

LT for patients with CRC and liver metastases was ex-
plored in the 1990s, but due to dismal long-term survival with
5-year OS of less than 20% and donor organ shortage, LT in
these patients was abandoned.14 However, some long-term sur-
vivors were observed.15 In 2006, we started the pilot study Sec-
ondary Cancer I (SECA-I), where patients with CRC and me-
tastases confined to the liver received LT (Supplement 1). The
study examined LT in patients with CRC who had received
modern chemotherapy before LT. We first reported results from
the study when the first patient included in the SECA-I study
had been observed for 5 years with an estimated Kaplan-
Meier 5-year OS of 60%.16 The following factors were associ-
ated with inferior survival after LT in the SECA-I study: larg-
est CRC liver metastasis greater than 5.5 cm, progressive disease
while receiving chemotherapy at the time of LT, plasma car-
cinoembryonic antigen (CEA) levels greater than 80 μg/L (to
convert CEA to nanograms per milliliter, divide by 1), and less
than 2 years from resection of the primary tumor to LT.16

In the present study, we reported the OS, disease-free sur-
vival (DFS), and OS from time of relapse in patients with CRC
who received liver transplants, and we reported prognostic
factors in patients receiving a LT at Oslo University Hospital
from November 2006 to November 2020. All patients listed
for LT in different prospective studies are included.

Methods
All prospective studies had received approval from the re-
gional ethics committee (South-Estern Health Region) and in-
stitutional review board of Oslo University Hospital, and all
patients had signed an informed consent before inclusion.
Patients with CRC who were on the waiting list for organ
transplant underwent LT at Oslo University Hospital between

November 2006 and November 2020. Patient follow-up ended
on December 31, 2021. Data on race and ethnicity was not col-
lected. It is not common to register such data on patients par-
ticipating in studies in Norway. The reverse Kaplan-Meier
method was used to estimate the median follow-up of patients
included in the prospective studies and still alive. This study fol-
lowed Transparent Reporting of Evaluations With Nonrandom-
ized Designs (TREND) reporting guidelines.

The clinical trials from which this nonrandomized con-
trolled trial is derived include SECA-I, SECA-II (arm A, B, C and
D), and the Resection and Partial Liver Segment 2/3 Transplan-
tation With Delayed Total Hepatectomy (RAPID) study. In the
RAPID study, liver segments 1 to 3 were resected, and the pa-
tient received only donor liver segments 2 and 3. After 3 weeks,
the donor segments had increased in volume, and patient liver
segments 4 to 8 were resected. The inclusion and exclusion
criteria and follow-up for the different LT trials as well as the
specific immunosuppression used in the various studies have
been previously reported.17 None of the patients received
adjuvant chemotherapy after LT. Treatment and further fol-
low-up at time of relapse were at the discretion of the respon-
sible physician.

Fluorine-18 fluorodeoxyglucose positron emission tomog-
raphy (PET) in combination with computed tomography (CT)
was performed before the transplant procedure in all pa-
tients to exclude extrahepatic metastases and to determine the
metabolic tumor volume (MTV) for all liver metastases as pre-
viously described.18

DFS was calculated as time from LT to suspected meta-
static lesions or local relapse described by CT, magnetic reso-
nance imaging, or PET-CT scans. OS was calculated from the
date of LT to death or end of follow-up, which was December
31, 2021. Survival from time of relapse was calculated as OS
minus DFS in patients with recurrent disease.

Risk stratification of the patients was performed using the
Fong Clinical Risk Score (FCRS). Patients were given a score
of 0 to 5 with 1 point for less than 12 months from diagnosis of
the primary tumor to liver metastases, size of largest lesion
greater than 5 cm, more than 1 lesion, plasma CEA level greater
than 200 μg/L, and positive lymph node in the primary

Key Points
Question Can liver transplant provide long-term survival and
possible cure in patients with colorectal cancer with nonresectable
liver metastases and extensive tumor load?

Finding In this nonrandomized controlled trial of 61 patients who
underwent liver transplant, based on various clinical predictive
factors, a 10-year overall survival of 80% or more may be achieved
in selected cases.

Meaning Findings suggest that patients with nonresectable
colorectal liver metastases have low probability of long-term
survival when treated by conventional regimens; highly selected
patients with colorectal cancer may obtain similar long-term
survival after liver transplant as patients with other malignant and
nonmalignant diagnoses who currently receive liver transplant as
standard-of-care treatment.
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tumor.19 Risk stratification was also performed using the Oslo
score, where the patients had a score of 0 to 4 based on the
following factors: progressive disease while receiving chemo-
therapy at time of organ transplant, plasma CEA level greater
than 80 μg/L, size of largest liver lesion greater than or equal
to 5.5 cm, and time for resection of the primary tumor to
LT less than 2 years.16 The Oslo score was originally based on
the first 21 patients included in the SECA-I study and verified
in the remaining patients. A cutoff value for PET MTV of 70
cm3 was established based on all patients in the SECA-I study
and verified in the remaining patients. The prognostic signifi-
cance of the Oslo score, PET-MTV value, and FCRS was deter-
mined in the total cohort.

Statistical Analyses
Survival analyses were estimated using the Kaplan-Meier
method, and patient follow-up was calculated using the re-
verse Kaplan-Meier method. The log-rank test was used to com-
pare outcomes between 2 groups. The difference between
the median values of the groups was calculated by Mann-
Whitney U test. A 2-sided P value < .05 was considered statis-
tically significant for all tests. The analyses were performed
using SPSS Statistics for Windows, version 28.0 (IBM Corp).

Results
A total of 72 patients with CRC were on the waiting list for LT,
and 61 patients (median [range] age, 57.8 [28.7-71.1] years;
35 male [57.4%]; 26 female [42.6%]) underwent LT at Oslo
University Hospital between November 2006 and November
2020 (eFigure 1 in Supplement 2). Of the initial 72 patients on
the waiting list, 11 did not receive an LT for the following rea-
sons: 7 due to metastatic disease determined by frozen sec-
tion examination of hilar lymph nodes at the time of lapa-
rotomy; 3 due to the development of extrahepatic disease while
on the waiting list, and 1 due to reduced performance status
(Eastern Cooperative Oncology Group grade 3). Median OS
and 5-year OS for all 72 patients accepted for the waiting list
were 50.8 (95% CI, 32.2-69.4) months and 42.6%, respec-
tively, when calculated from time of LT, laparotomy, and date
of acceptance for the waiting list (eFigure 2 in Supplement 2).

Of the 61 patients who underwent LT, 60 patients had non-
resectable metastases confined to the liver, and 1 patient was
considered to have technically resectable disease; this pa-
tient was randomly assigned to the transplant group. DFS and
OS were calculated by the Kaplan-Meier method for all 61 pa-
tients. One patient included in the prospective study, RAPID,
died of complications 1.4 months after LT. This patient is ex-
cluded from analyses other than DFS and OS, thereby reduc-
ing the total number of patients for the various factors for long-
term survival analyses to 60. The numbers of patients included
in the different categories are given in eTable 1 in Supple-
ment 2. Baseline characteristics are given in Table 1. Median
follow-up of patients included in the prospective studies and
still alive was 91.6 (95% CI, 84.9-98.4) months.

The median DFS for all 61 patients was 11.8 (95% CI, 9.3-
14.2) months, and 5-year DFS was 18.3% (Figure 1A). Median

Table 1. Baseline Characteristics and Previous Treatments (n = 61)

Characteristic No. (%)
Age at LT, median (range), y 57.8 (28.7-71.1)

Sex

Female 26 (42.6)

Male 35 (57.4)

Treatment before resection of primary

No treatment 37 (60.7)

Chemotherapy 14 (23.0)

Chemotherapy and radiation therapy 8 (13.1)

Radiation therapy 2 (3.3)

Primary

(y)pT0 3 (4.9)

(y)pT1 1 (1.6)

(y)pT2 7 (11.5)

(y)pT3 46 (75.4)

(y)pT4 4 (6.6)

(y)pN0 24 (39.3)

(y)pN1 20 (32.8)

(y)pN2 17 (27.9)

Location of primary

Ascending colon 10 (16.4)

Colon transversum 3 (4.9)

Left colon 7 (11.5)

Sigmoideum 20 (32.8)

Rectum 21 (34.4)

Chemotherapy given before LT

5-FU 61 (100)

Irinotecan 51 (83.6)

Oxaliplatin 47 (77.0)

EGFR-antibody 26 (42.6)

Bevacizumab 24 (39.3)

Tas-102 1 (1.6)

KRAS gene variant/wild type (n = 58) 15 (25.9)/43 (74.1)

CEA at LT, median (range), μg/L 6.0 (1-4346)

Other treatment before LT

Liver resection (yes/no), No. of patients 12 (19.7)/49 (80.3)

RFA (yes/no), No. of patients 7 (11.5)/54 (88.5)

FCRS at LT, median (range) 3 (1-5)

FCRS (1/2/3/4/5) 5/16/25/10/5

Oslo Score at LT, median (range) 1 (0-4)

Oslo Score at LT (0/1/2/3/4) 10/27/11/6/7

MTV, median (range), cm3 21.3 (0-874)

Synchronous/metachronous CRC with mets 56/5

Max No. of lesions on CT /MRI scans at LT,
median (range)

8 (1-53)

Max size of lesions on CT/MRI scans at LT,
median (range), mm

35 (3-130)

Time from diagnosis to LT, median (range), mo 20.9 (5.3-173.9)

Time from primary surgery to LT,
median (range), mo

16.9 (2.3-173.8)

Abbreviations: 5-FU, fluorouracil; CEA, carcinoembryonic antigen;
CRC, colorectal cancer; CT, computed tomography; EGFR, epidermal growth
factor receptor; FCRS, Fong Clinical Risk Score; LT, liver transplant; max,
maximum; met, metastasis; MRI, magnetic resonance imaging; MTV, metabolic
tumor volume; RFA, radiofrequency ablation; Tas-102, trifluridine/tipiracil.

SI conversion factor: To convert CEA from micrograms per liter to nanograms
per milliliter, divide by 1.
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OS in this cohort was 60.3 (95% CI, 44.3-76.4) months, and
5-year OS was 50.4%. (Figure 1B). One patient died of a surgi-
cal complication after 1.4 months, and 1 patient has been ob-
served for 105 months without a relapse (Figure 1A). The pa-
tient with the longest survival is still alive 165 months after
LT (Figure 1B).

Forty-seven of 60 patients (78.3%) had a relapse after LT
with median time to relapse of 9.0 (95% CI, 4.9-13.0) months.
The majority of the relapses (94%) occurred within 2 years af-
ter LT, with last recurrence after 46.4 months. Median OS from
time of relapse was 37.1 (95% CI, 4.6-69.5) months with 5-year
survival after relapse of 34.8%, and 14 of 47 patients (29.8%)
with recurrence were still alive more than 5 years after the
diagnosis of recurrence. One patient is alive 156 months after
relapse (Figure 1C).

Prognostic Factors for OS
Oslo Score
When survival outcomes were stratified by Oslo score 0 to 4,
a total of 10 patients with an Oslo score of 0 had a median OS
of 151.6 (0-328.1) months and both 5- and 10-year OS of 88.9%,
whereas 27 patients with an Oslo score of 1 had a median OS
of 60.3 (39.8-80.8) months and 5-year OS of 54.7%. None of
the 6 patients with an Oslo score of 4 survived for 5 years af-

ter LT. The median OS for patients with an Oslo score of 0 to 2
was 92.0 (31.9-152.2) months, with a 5- and 10-year OS of 63.4%
and 45.7%, respectively. The median OS for patients with an
Oslo score of 3 to 4 was 24.8 (14.3-35.3) months, with a 5- and
10-year OS of 8.3% and 0%, respectively (P <.001) (Figure 2A).

There was a marked difference in OS between patients
with largest tumor size greater than 5.5 cm (median OS,
25.3 months; 95% CI, 15.8-34.8 months; 5-year OS, 26.7%)
or smaller than 5.5 cm (median OS, 92.0 months; 95% CI,
23.3-160.7 months; 5-year OS, 60.8%; P < .001) (Figure 2B).
Patients with progressive disease at the time of LT had a
median OS of 39.8 (95% CI, 28.8-50.7) months and 5-year OS
of 35.1% compared with a median OS of 90.5 (95% CI, 22.8-
158.2) months and 5-year OS of 60.9% in patients responsive
to chemotherapy at the time of LT (P = .02) (Figure 2C).
Patients with CEA levels above 80 μg/L had a reduced
median OS after LT of 26.6 months (95% CI, 22.7-30.6
months; 5-year OS, 11.1%), and patients with CEA levels
below 80 μg/L had a median OS after LT of 90.5 months
(95% CI, 54.1-126.9 months; 5-year OS, 59.4%). OS at 10 years
was 42.8% and 0% in patients with CEA levels below and
above 80 μg/L, respectively (P < .001) (Figure 2D).

Sixteen patients had an interval from resection of the pri-
mary tumor to LT of 2 years or more. These patients had a me-

Figure 1. Disease-Free Survival, Overall Survival, and Survival After Relapse After Liver Transplant
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dian OS of 151.6 (95% CI, 85.4-217.8) months and 5- and 10-
year OS of 86.7% and 52.0%, respectively, compared with a
median OS of 50.8 (95% CI, 28.0-73.6) months and 5- and 10-
year OS of 38.4% and 28.9%, respectively, in patients with less

than 2 years from resection of the primary tumor to LT. The
difference was not statistically significant (eTable 1 in Supple-
ment 2). Similarly, there was no significant difference in OS be-
tween patients with an interval from diagnosis to LT of more

Figure 2. Association of Overall Survival After Liver Transplant With Oslo Score, Lesion Size, Treatment Response,
Carcinoembryonic Antigen (CEA) Levels, and Time From Diagnosis
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than 2 years or less than 2 years. However, patients with an in-
terval of more than 3 years from diagnosis to LT had a statis-
tically significant longer OS compared with patients with less

than 3 years from diagnosis to LT, who had an estimated OS
of 57.2 months (95% CI, 36.2-78.2; P = .02) (Figure 2E).

FCRS
FCRS of 1, 2, 3, 4, and 5 were determined in 5, 16, 25, 9, and 5
patients, respectively, with median OS of 164.9 (95% CI, 104.4-
225.4) months, 90.5 (95% CI, 30.8-150.2) months, 59.9 (95% CI,
55.3-64.5) months, 32.8 (95% CI, 0-72.9) months, and 25.3 (95%,
9.4-41.2) months, respectively (P < .001). These patients had
5-year OS of 100%, 63.9%, 49.4, 33.3% and 0%, respectively. Pa-
tients with an FCRS of 1 had a 10-year OS of 80%. Nineteen
patients had an FCRS of 0 to 2, and 41 patients had an FCRS of
3 to 5. Patients with an FCRS of 0 to 2 had a significantly better
OS after LT compared with patients with an FCRS of 3 to 5 (FCRS
0-2: median OS, 151.6 months; 95% CI, 78.5-224.7 months; 5-year
OS, 75.4%; FCRS 3-5: median OS, 50.8 months; 95% CI, 28.4-
73.3 months; 5-year OS, 39.7%; P = .01) (Figure 3A).

PET-MTV Values
A total of 40 patients with MTV values less than 70 cm3 had
a median OS of 92.0 (95% CI, 33.7-150.3) months and 5-year

Table 2. Patients With Colorectal Cancer Who Might Be Considered
for Liver Transplant (LT)

Very good prognosis after LT
No. of
patients

Estimated 5-y
survival

Metachronous disease (more than 12 mo
from diagnosis of the primary tumor to
detection of liver metastases)

5 100%

Time from diagnosis to LT >3 y 9 100%

Oslo score 0 10 88.9%

Fong Clinical Risk Score 1 5 100%

Good prognosis after liver transplant

PET-MTV value <70 cm3 40 66.7%

Oslo score 1 27 54.7%

Fong Clinical Risk Score 2 16 63.9%

Tumor Burden score, group 2 (score of 3-9) 25 72.3%

Abbreviations: MTV, metabolic tumor volume; PET, positron emission
tomography.

Figure 3. Association of Overall Survival After Liver Transplant With Fong Clinical Risk Score (FCRS),
Positron Emission Tomography (PET)–Metabolic Tumor Volume (MTV) Values, Tumor Location, and Liver Metastases
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OS of 66.7% compared with patients with MTV values greater
than 70 cm3 who had a median OS of 26.6 (95% CI, 11.8-41.5)
months and 5-year OS of 23.3% (P < .001) (Figure 3B).

Site of Primary Tumor
Twenty-nine of 60 patients (48.3%) had a left-sided colon pri-
mary tumor, and 21 of 60 patients (35.0%) had a rectal pri-
mary tumor. Ten of 60 patients (16.7%) had their primary tu-
mor in the ascending colon. Patients with an ascending colon
primary tumor had a median OS of 17.9 (95% CI, 0-37.5) months
and 5-year OS of only 10% compared with those with a more
distal primary cancer with a median OS of 86.3 (95% CI, 48.9-
123.7) months and 5-year OS of 60.1% (P < .001) (Figure 3C).
When excluding patients with right-sided primary tumors,
there was no significant difference in OS between patients
with colon and rectal primary tumors.

Other Factors
The was no significant difference in OS associated with lymph
node status of the primary resected tumor, although patients
with pathologic stage (y)pN0 had numerically better OS
(eTable 2 in Supplement 2). Furthermore, there was no sig-
nificant difference in OS between patients with KRAS wild-
type tumor compared with patients with KRAS variant pri-
mary tumor (eTable 1 in Supplement 2).

Only 5 patients had metachronous disease, defined as more
than 12 months from diagnosis of CRC to appearance of liver
metastasis. All these patients were alive at 5 years after LT, and
3 are alive more than 10 years after LT. One died of a sudden
cardiac–related event 7.7 years after LT. However, the patient
had a relapse of malignant disease at the time of death. The
last patient with metachronous disease is alive without a re-
lapse at 61.1 months.

Patients with CRC and 8 or fewer liver metastases at the
time of LT had significantly longer OS (90.5 months; 95% CI,
7.8-173 months; P = .02) (Figure 3D) compared with patients
with 9 of more liver metastases.

A tumor burden score (TBS) group of 2 was observed in 25
patients (median OS, 151.6 months; 95% CI, 25.4-277.8 months),
and a TBS group of 3 was observed in 34 patients (median OS,
41.2 months; 95% CI, 28.7-53.8 months). Patients with a TBS
group of 2 had 5- and 10-year OS of 72.3% and 56.1% com-
pared with patients who had a TBS group of 3, with 5- and 10-
year OS of 35.3% and 16.8% (P = .008). A summary of factors
suggesting good prognosis after LT are given in Table 2.

Prognostic Factors for DFS
The factors predictive of OS were in general also significant for
DFS. However, the difference in DFS was small compared with
the difference in OS. DFS was often approximately 12 months
or less (eTable 2 in Supplement 2). Median DFS of more than
20 months was only observed in the cohorts with FCRS of 0
to 2, pathologic stage pN0, and time from diagnosis to LT of
more than 3 years (eTable 3 and eFigure 3 in Supplement 2).

Prognostic Factors for OS After Relapse
Many of the factors predictive of DFS and OS were also signifi-
cant associated with survival time after relapse. There was

a significant association between survival time after relapse
and site of primary (ascending colon, 12.6 months; 95% CI,
0-27.4 months vs other localizations, 54.5 months; 95% CI,
43.5-65.6 months; P < .001), size of largest liver metastasis
greater than 5.5 cm (17.5 months; 95% CI, 8.7-26.2 months vs
size <5.5 cm, 54.5 months; 95% CI, 38.0-71.1 months; P < .001),
Oslo score (0-2, 55.6 months; 95% CI, 48.0-63.1 vs 3-4, 17.4
months; 95% CI, 8.5-26.4; P < .001), CEA level greater than 80
μg/L (22.0 months; 95% CI, 17.9-26.1 vs <80 μg/L, 54.4 months;
95% CI, 30.0-79.8 months; P = .01), TBS (group 2, 55.6 months;
95% CI, 33.0-78.4 months vs TBS group 3, 23.3 months; 95%
CI, 19.2-27.4 months; P = .02), PET-MTV (<70 cm3, 55.6 months;
95% CI, 37.2-73.9 months vs >70 cm3, 22.0 months; 95% CI,
15.9-28.0 months; P = .03), and more than 3 years from diag-
nosis to LT (141 months vs <3 years, 33.3 months; 95% CI,
16.5-50.1; P = .04) (eTable 2 and eFigure 3 in Supplement 2).

Cause of Death
Posttransplant mortality was caused by progressive malig-
nant disease in all except 3 patients. These 3 patients died of
a sudden cardiac event at 92 months after LT, traumatic cere-
bral hemorrhage at 59.9 months after LT, and postoperative
hepatic artery thrombosis with biliary sepsis at 1.4 months
after LT.

Discussion
This nonrandomized controlled trial describes the incremen-
tal development of LT in patients with CRC and metastases con-
fined to the liver with the pilot trial as a proof of concept start-
ing in 2006 followed by studies examining stricter selection
criteria. The outcomes were superior to OS obtained in a simi-
lar cohort of patients receiving first-line chemotherapy.20 Other
transplant centers have now started different LT studies in
patients with CRC and nonresectable liver metastases with
ongoing studies in Europe and North America. Several cen-
ters have performed organ transplant on selected patients out-
side of prospective study protocols,21 and the International
Hepato-Pancreatico-Biliary Association has recently pub-
lished consensus guidelines for LT in patients with CRC and
nonresectable liver metastases.22

Most patients with CRC will have a disease relapse after
LT23 and a short DFS with a median of approximately 12 months
(Figure 1A). In contrast to patients with hepatocellular carci-
noma who experience disease recurrence after organ trans-
plant, patients with CRC and liver metastases had a long over-
all survival time after recurrence that in some was 10 years
(Figure 1C). This is at least partly explained by the fact that the
dominant recurrence pattern is small pulmonary metastases
that grow slowly despite immunosuppression and where a
majority can be offered pulmonary resection with curative
intent.24 Patients receiving curatively intended treatment
of pulmonary metastases had a 5-year OS of 70% from time of
resection of pulmonary lesions.25 In particular, patients who
had good prognostic factors including Oslo score of 0 to 2,
PET-MTV values less than 70 cm3, or FCRS of 0 to 2 had long
OS from time of resection of pulmonary metastases with
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10-year OS of 76% to 100%.26 This long OS after resection of
pulmonary relapses after transplant seems to be longer com-
pared with patients who received a resection of their pulmo-
nary metastases after prior liver resection.27,28There was no
close correlation between DSF and OS as is conventionally seen
in oncologic trials, and DFS is not a valid measure of treat-
ment efficacy in LT for patients with CRC and liver metasta-
ses. This finding stands out compared with the experience in
most other transplant oncology indications, where recur-
rence of disease usually is associated with limited treatment
possibilities and short OS after posttransplant relapse.

Patients from different prospective studies with differ-
ent inclusion and exclusion criteria were included in this trial,
representing a very heterogeneous population. We have pre-
viously shown in a subset of these patients that FCRS, Oslo
score, and PET-MTV values can stratify patients into groups
with 5-year estimated OS of approximately 70% or higher and
those with inferior posttransplant survival.17 These factors
could be used as selection criteria to obtain 5-year OS of more
than 70% and even a 10-year OS of more than 85% when only
including patients with an Oslo score of 0. In the current co-
hort of patients, only 10 to 19 of the 60 included patients would
have been eligible if the criteria of an Oslo score of 0 or FCRS
of 0 to 2 had been applied. The results suggest that by apply-
ing stringent selection criteria, 5-year survival rates that are
comparable with conventional indications for LT may be
obtained.

In a retrospective analysis of 12 patients with CRC who re-
ceived LT for liver metastasis, Toso et al21 found that 3 years
or more from diagnosis to LT is important for OS after LT. The
significance of a long interval from diagnosis to transplant is
suggested by findings of the present study (Figure 2E). Many
of these patients had metachronous disease and some had un-
dergone liver resection and or radiofrequency ablation be-
fore organ transplant.

The hepatic tumor load of the included patients was sub-
stantial compared with most publications on liver resection in
patients with CRC and metastases confined to the liver,2,3 and
we are also not aware of any publication of patients with CRC
and resected liver metastases with similar median tumor load.
The 5-year OS in the present study is similar to that of pa-
tients included in the Perioperative FOLFOX-4 Chemo-

therapy and Surgery vs Surgery Alone for Resectable Liver
Metastases From Colorectal Cancer (EORTC 40983) study,
where patients with CRC and a median of 1 lesion and maxi-
mum of 4 lesions received liver resection.3 This may suggest
that LT is the best medical option also in patients with CRC with
extensive liver metastases even when all lesions are being
considered to be resectable. The results of recently published
comparative studies between liver resection and LT support
this hypothesis.29,30

Limitations
We have previously shown that patients in the SECA-I trial who
received LT had good quality of life up to 3 years after LT.31 Fur-
thermore, LT is cost-effective compared with the cost of mod-
ern oncologic treatments.32 The major obstacles for being able
to offer patients with CRC an LT internationally is the scarcity
of donor grafts. This problem may be partly solved by use of
extended-criteria donors. Only 1 of 11 extended-criteria do-
nor grafts did not function well, and the patient was retrans-
planted with another extended-criteria donor graft.33 Further-
more, the shortage of donor grafts for transplant in CRC may
be reduced also by use of the RAPID technique, where the pa-
tient during the first part of the hepatectomy has segments
1 to 3 resected and receives only the donor segments 2 and 3.34

Within 3 weeks, the donor segments have increased to suffi-
cient size to avoid liver failure, and resection of segments 4 to
8 is performed.34 This opens the possibility for a donor graft
offering a life extension for 2 patients or for use as a living
donor with low risk for the donor.35,36

Conclusions
In conclusion, results of this nonrandomized controlled trial
suggest that LT for patients with CRC and metastatic disease
confined to the liver may yield survival rates comparable with
conventional indications for LT when patients are selected ac-
cording to an Oslo score of 0 to 1 and a PET-MTV value less than
70 cm3. The limitation represented by the shortage of avail-
able donor grafts may be reduced by using extended-criteria
donor grafts and the RAPID technique with deceased or liv-
ing donors.
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