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ABSTRACT
Introduction  The only treatment for non-resectable 
colorectal liver metastasis (CRLM) is medical therapy, 
and the overall survival (OS) rate at 3 and 5 years 
is approximately 30%–40% and less than 10%, 
respectively. In 2020, a group in Norway reported that 
liver transplantation for non-resectable CRLM improved 
the 5-year OS rate to up to 83%. Clinical trials have been 
launched since that report was published, but most have 
involved deceased-donor liver transplantation rather than 
living-donor liver transplantation. Our study will assess the 
efficacy and safety of living-donor liver transplantation for 
patients with non-resectable CRLM.
Methods and analysis  This is an investigator-driven, 
multicentre, prospective, single-arm study involving 11 
university hospitals in Japan. Patients with non-resectable 
CRLM and resected primary cancers will be enrolled in 
the study. Any patients with histopathological or genetic 
mutations, such as those of RAS and BRAF, are eligible. 
Furthermore, patients who underwent lung treatment for 
three or fewer pulmonary metastases and experienced 
no recurrence for more than 6 months are eligible. The 
eligibility of the candidates will be reviewed by the Central 
Eligibility Review Committee. The primary endpoint is 
the 3-year OS rate. Assuming an OS rate of 70% and a 
threshold of 45%, the number of required patients is 23, 
with an alpha error of 5% (one-sided), power of 80% and a 
10% dropout rate.
Ethics and dissemination  Ethical approval was obtained 
from the ethical review board of Kyoto University (R-1591). 
All participants are required to provide written informed 
consent. The results will be submitted for publication in a 
peer-reviewed journal.
Trial registration number  jRCT1050230053 and 
UMIN000049785.

INTRODUCTION
The morbidity from colorectal cancer is 
increasing worldwide. At the time of diag-
nosis of colorectal cancer, 20% of patients 
have metastasis, and the liver is the organ 
most frequently affected by metastasis.1 The 
management of colorectal liver metastases 

(CRLM) is important to improving the prog-
nosis of patients with colorectal cancer. Liver 
resection is a potentially curative treatment 
for CRLM, and the 5-year survival rate after 
hepatic resection is reportedly more than 
50%.2 However, only 10%–20% of cases 
are considered as ‘resectable’ at the time 
of the primary diagnosis,3 and most cases 
are considered ‘non-resectable’ because 
they involve distant metastases to multiple 
organs (lungs, peritoneal, lymph nodes, 
etc.) in addition to the liver. Some patients 
only have metastases to the liver. If patients 
are at risk for posthepatectomy liver failure 
(PHLF) because of an insufficient remnant 
liver volume, then these patients are consid-
ered to have non-resectable diseases. When 
normal liver function is present, up to 70% 
of the liver volume can be resected. However, 
if this resected volume is exceeded, then the 
risk of PHLF is significantly high. An example 
of a case in which the remnant liver function 
may not be sufficient to overcome surgical 
invasion is one that involves multiple liver 
metastases that have disseminated to both 
lobes or a tumour that has invaded the major 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This study was designed for living-donor transplan-
tation, but not for deceased-donor liver transplan-
tations; therefore, the volume of graft is small and 
donor safety must be considered.

	⇒ Genetic mutations and a history of pulmonary me-
tastasis are not exclusion criteria if the patient expe-
rienced three or fewer metastasis and if more than 
6 months have passed since metastasis treatment; 
compared to those of similar trials, the selection cri-
teria are relatively broad.

	⇒ This is a multicentre, single-arm trial that does not 
have a control arm.

	⇒ The sample size of the study is small.
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vessels, thus making it difficult to maintain blood flow to 
the remaining liver.

The liver is also considered non-resectable when liver 
insufficiency is a concern because of inadequate residual 
liver function caused by liver dysfunction. Standard 
medical therapy for colorectal cancer includes oxal-
iplatin and irinotecan. However, oxaliplatin causes sinu-
soidal obstruction syndrome and irinotecan causes fatty 
hepatitis. Both of these conditions are characteristic of 
drug-induced liver injury and may result in irreversible 
liver dysfunction. Additionally, the initial cause of liver 
dysfunction in some patients may cause other condi-
tions, such as non-alcoholic steatohepatitis or infection 
with hepatitis virus infection, before the development of 
colorectal cancer. Hepatic resection for such cases is asso-
ciated with high risk of PHLF. These cases are considered 
non-resectable, even if the liver metastasis is technically 
resectable.

Currently, for patients diagnosed with tumours that 
are non-resectable because of the risk of PHLF, conver-
sion therapy can be considered if the tumour size is 
reduced by systemic medical therapy and hepatic resec-
tion can be performed if the tumour becomes resect-
able.4 Clinical trials of non-resectable CRLM have 
reported that 33% of cases remain unresectable after 
medical therapy.5 Additionally, continuing medical 
therapy may seem difficult for patients diagnosed with 
non-resectable disease.

For patients who are at risk for PHLF and liver insuf-
ficiency and have been diagnosed with non-resectable 
tumours confined to the liver, orthotopic liver transplan-
tation may be a curative treatment. Liver transplantation 
for patients with non-resectable CRLM has been reported 
by a study performed in Norway that involved the largest 
number of cases to date. Furthermore, a study published 
in 2013 reported a 5-year survival rate of approximately 
60% after liver transplantation for localised liver metas-
tases.6 Based on these results, the indication criteria 
were revised. Another study published in 2020 reported 
that the 5-year survival rate improved to 83%.7 Although 
the 5-year recurrence-free survival rate was low (35%), 
the overall survival (OS) rate was 83%. This is because 
most recurrent cases involve pulmonary metastases, and 
therapeutic intervention is usually possible. In contrast, 
the prognosis of patients with unresectable liver metas-
tasis treated with medical therapy has a 3-year OS rate of 
20%–50%, and a 5-year OS rate less than 10%.5 8 9 There-
fore, even patients with stage IV disease can be expected 
to have a good prognosis if liver transplantation is 
performed under appropriate patient selection condi-
tions. Although clinical trials of liver transplantation for 
non-resectable liver metastases are currently underway 
in many countries worldwide, the consensus guidelines 
for liver metastases attributed to unresectable colorectal 
cancer were published in September 2021 by the Interna-
tional Hepato-Pancreato-Biliary Association in September 
2021.10

METHOD AND ANALYSIS
This protocol is reported following the SPIRIT reporting 
guidelines.11

Study design and objective
This open-label, multicentre (11 university hospitals in 
Japan), single-arm clinical trial will enrol patients diag-
nosed with non-resectable CRLM and a living donor for 
a liver transplantation to explore the efficacy and safety 
of living-donor liver transplantation for the treatment of 
non-resectable CRLM. This study will involve 11 institu-
tions in Japan (Hokkaido University Hospital, Tohoku 
University Hospital, University of Tokyo Hospital, Keio 
University Hospital, Nagoya University Hospital, Kyoto 
University Hospital, Okayama University Hospital, Ehime 
University Hospital, Kyushu University Hospital, Nagasaki 
University Hospital and Kumamoto University Hospital) 
and will be led by Kyoto University Hospital. The principal 
investigator is E. Hatano, MD, PhD, of Kyoto University.

In addition to the aforementioned institutions that 
perform liver transplantation, supporting institutions will 
play a role in actively recruiting candidate patients.

Eligibility criteria
The patient selection flowchart is shown in figure 1.

The inclusion criteria are as follows:
A.	 Eligibility criteria for the disease

1.	 Histological evidence of colorectal adenocarcino-
ma.

2.	 Genetic examination for RAS, BRAFV600E, MSI 
and mismatch repair gene.

3.	 Curative resection of primary colorectal cancer.
4.	 Liver metastases from colorectal cancer were diag-

nosed as surgically non-resectable, including those 
after repeated hepatectomies. Non-resectable cas-
es are associated with the risk of PHLF because of 
insufficient remnant liver volume or function.

‘Non-resectable’ refers to the following cases (1) and 
(2):
1.	 Cases involving the concern of liver failure because of 

the anatomical inability to secure a sufficient volume 
of the remaining liver.
	– Cases in which the residual liver volume does not al-

low a total liver volume of approximately 30% after 
resection and those in which tumour invasion of the 
major vessels makes it difficult to maintain blood 
flow to the residual liver.

2.	 Causing concern regarding liver failure because of in-
adequate function of the residual liver caused by liver 
dysfunction.
	– When the multiplication of disappearance rate of 

indocyanine green (K-ICG) value of the residual liv-
er is less than 0.05 in the indocyanine green (ICG) 
test.

3.	 Based on the diagnosis determined by imaging, the 
metastatic lesion was present only in the liver. Diag-
nostic imaging modalities include contrast-enhanced 
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CT, MRI and fluorodeoxyglucose-positron emission 
tomography.

4.	 No history of distant metastases, except in the liver. 
However, patients with no more than three lung me-
tastases without recurrence for more than 6 months 
after treatment are eligible as exceptions.

5.	 Medical therapy was administered more than 3 months 
before enrolment.

6.	 At least 18 years of age and provided written consent to 
participate in this study.

B.	 Conventional eligibility criteria for living-donor liver 
transplantation

1.	 Age is 18 years or older but younger than 70 years of 
age.

2.	 Performance status score of 0 or 1
3.	 The following values of the main organ function are 

maintained:
1.	 Neutrophil count: ≥ 1.5 x 109/L
2.	 Platelet count: ≥ 30 x 109/L

3.	 Haemoglobin: ≥ 75 g/L
4.	 Serum creatinine level: ≤1.5 mg/dL
5.	 New York Heart Association cardiac function class 

II or lower.
6.	 Hugh-Jones respiratory function classification II or 

lower.
The exclusion criteria are as follows:

1.	 Progressive disease was diagnosed after medical therapy 
and an evaluation using RESIST V.1.1. was performed

2.	 Presence of an infectious disease that requires treat-
ment.

3.	 Pregnancy
4.	 Psychiatric disorder or psychiatric symptoms that inter-

fere with daily life and create difficulty with participa-
tion in this study

5.	 Other cases are considered not eligible for living-donor 
liver transplantation at each participating institution.

Central eligibility review committee
The central eligibility review committee consists of eight 
multidisciplinary, six permanent and two non-permanent 

Figure 1  Patient selection flowchart. CR, complete response; CRLM, colorectal liver metastasis; Dx, diagnosis; LDLT, living-
donor liver transplantation; NR-CLRM, non-resectable colorectal liver metastasis; PR, partial response; SD, stable disease.
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members. The six permanent members include an expert 
liver transplant surgeon from a non-participating insti-
tute, three expert hepato-biliary-pancreatic surgeons 
from institutes that do not perform transplantation, a 
colorectal surgeon and an oncologist. Regarding the two 
non-permanent members, one is a coresearch investigator 
of the 11 collaborative institutes who is not involved in 
recruiting candidates, and the other is an expert surgeon 
or oncologist who is not affiliated with the collaborative 
institutes. This committee will discuss eligibility based on 
the candidate’s medical history, imaging data and other 
characteristics.

Data and safety monitoring committee
These five members of the data and safety monitoring 
committee are an expert hepato-biliary–pancreatic 
surgeon, a transplant surgeon, a hepatologist, the chief of 
the patient safety unit and a biological statistician. All are 
independent of the principal investigator and not directly 
involved in this trial. This committee will meet after every 
five transplantations or every 6 months. If the committee 
raises concerns about the conduct of this study, then 
discontinuation may be recommended.

Criteria for discontinuing the study
This study will be discontinued if the postoperative 
mortality rate within 60 days is clearly higher than that of 
living-donor liver transplantation for other diseases. The 
perioperative mortality rate of living-donor liver trans-
plantation is reportedly 8.4% in Japan12 and 13% in other 
countries.13 During this study, 23 liver transplantations 
will be performed. Therefore, if two deaths occur within 
60 days after transplantation, then the mortality rate will 
be 8.7%, which is considered equivalent to that of the 
conventional living-donor liver transplantation described 
above. A maximum of three deaths will be tolerated. If the 
number of deaths reaches four within 60 days (mortality 
rate of 17.4%), then the principal investigator may decide 
to discontinue the study because the mortality rate would 
be higher than that for conventional living-donor liver 
transplantation. The enrolled participants will be noti-
fied if the study is discontinued. The Efficacy and Safety 
Evaluation Committee will meet after the performance of 
every five living-donor liver transplantations is performed 
for non-resectable CRLM or every 6 months to review 
the progress of the study and safety information. The 
committee may recommend the discontinuation of the 
study if concerns are raised regarding its performance.

Endpoints
The primary endpoint is the 3-year OS rate.

The secondary endpoints are as follows:
1.	 Short-term (from living donor liver transplantation to 

discharge from hospital) outcomes of living donor liv-
er transplantation.
Operative time, blood loss, perioperative complica-
tions (type, severity, treatment details, date of occur-
rence and outcomes) and in-hospital mortality rates.

2.	 Short-term (within 90 days of living donor liver trans-
plantation) results of living donor liver transplantation
Survival rate at 30 days and 90 days after transplantation.

3.	 Tumour recurrence rate, type of recurrence and type 
of treatment for the recurrence tumour

4.	 Adverse events other than tumour recurrence after 
transplantation

5.	 The 2-year and 3-year recurrence-free survival rates 
and graft survival rates after transplantation.

Trial duration and schedule
This trial will be performed between 15 September 2023 
and 14 September 2032 (9 years). Patient recruitment will 
be performed over the course of 5 years. The duration of 
observation will be 3 years. The statistical analysis dura-
tion will be 1 year.

Intervention
Living donor liver transplantation will be performed 
according to the usual transplantation procedure at each 
institution. After transplantation, adjuvant therapy will 
not be performed until colorectal cancer recurrence is 
observed.

Participant timeline
Table 1 and table 2 list the time points when efficacy and 
safety will be assessed using laboratory tests (haematology, 
coagulation, chemistry and tumour markers), physical 
examinations and other evaluations. Blood test results, 
imaging results and complications will be examined every 
4 weeks during the first 6 months postoperatively. During 
6 months to 2 years postoperatively, these factors will be 
examined every 6 weeks. During 2–3 years postopera-
tively, these factors will be examined every 8 weeks.

Data collection and management
All patient data will be collected using an electronic data 
capture system established at Kyoto University.

All study data will be confidential and maintained 
uniformly using the electronic data capture system for 
10 years after the end of the trial. Original copies of the 
signed informed consent forms will be stored at each 
institute.

Sample size calculation and statistical analysis methods
The expected 3-year OS rate of patients who undergo 
transplantation is 70%, which is reasonable based on 
the report from the SECA-I study. The expected 3-year 
OS rate of patients who do not undergo transplantation 
is 45%. Therefore, assuming an OS rate of 70% and a 
threshold of 45%, the number of required patients was 
calculated as 21, with an alpha error of 5% (one-sided) 
and a power of 80%. After considering the small number 
of patients excluded from the analysis, the target number 
was set to 23.

The primary outcome (3-year survival) will be esti-
mated using the Kaplan–Meier method, and a two-sided 
90% confidence interval (corresponding to a one-sided 
5% alpha error) will be calculated using the Greenwood 
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method. The efficacy of the treatment will be confirmed 
when the calculated lower CI exceeds a threshold of 45%.

Regarding the secondary outcomes, short-term 
outcomes will be analysed based on the statistical 
description of the items, and an exploratory study will 
be conducted to determine which patient characteristics 
influence these parameters. The post-transplant tumour 
recurrence rate, form of recurrence and post-recurrence 
treatment will be described in contingency tables as the 
number and percentage of cases. Adverse events other 
than tumour recurrence will be described.

Regarding the 2-year and 3-year recurrence-free 
survival rates and 2-year and 3-year graft survival rates 
after transplantation, the Kaplan–Meier method will be 

used to estimate the cumulative incidence of progression-
free survival of the transplantation group. Because the 
number of patients in this study will be small, supplemen-
tation will not be performed for missing values. Addition-
ally, an interim analysis will not be conducted during this 
study.

Patient and public involvement
None.

ETHICS AND DISSEMINATION
This study protocol was approved by the ethics committee 
of Kyoto University (C1591) in December 2022, and the 

Table 1  Examination agenda (before transplantation and during hospitalisation)

Before transplantation Hospitalisation

Before enrolment After enrolment Surgery POD#1 POD#3 POD#7 Until discharge

Blood test Haematology
Coagulation
Chemistry

〇 〇 〇 〇 〇 Weekly

Tumour marker 〇 〇 Weekly

Infection 〇
Antibody 〇

Urine test 〇
Liver function 〇
Pulmonary function 〇 〇
Cardiac function 〇 〇
Image 〇 〇
Donor candidate 〇
Complications 〇 〇 〇 〇 Weekly

Immunosuppression 〇 〇 〇 Weekly

POD, postoperative day.

Table 2  Examination agenda (outpatient)

Outpatient

1–6 months 6 months to 2 years 2–3 years

Blood test Haematology
Coagulation
Chemistry

Every 4 weeks Every 6 weeks Every 8 weeks

Tumour marker Every 4 weeks Every 6 weeks Every 8 weeks

Infection

Antibody

Urine test

Liver function

Pulmonary function

Cardiac function

Image Every 6 weeks Every 8 weeks

Donor candidate

Complications Every 4 weeks Every 6 weeks Every 8 weeks

Immunosuppression Every 4 weeks Every 6 weeks Every 8 weeks
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Ministry of Health, Labour and Welfare of the govern-
ment. This study will be conducted in compliance with 
the principles of the Declaration of Helsinki. The results 
of this trial will be published in peer-reviewed journals 
and presented at international conferences.

An investigator at each institution will explain the 
treatment and anticipated clinical course of this study to 
the research participants. The explanation will include 
the fact that the liver transplant will come from a living 
donor. After explaining the donor risks and costs, we will 
select patients who are willing to undergo this treatment 
and for whom a living donor is available. The research 
participants will be fully informed orally and in writing 
using an explanation document approved by the Ethics 
Committee (online supplemental files 1a,b). Written 
informed consent will be obtained from all participants. 
The study will be covered by clinical research insurance. 
If the requirements are met, then compensation payment 
will be provided by the insurance in the event of postop-
erative health problems. If the protocol is revised, then 
this information will be shared with the coresearchers as 
soon as possible. The results of the trial will be submitted 
for publication in a peer-reviewed journal.

DISCUSSION
Although several protocols for liver transplantation have 
been created for patients with non-resectable colorectal 
cancer worldwide, the protocol presented here has some 
distinctive features. First, this study was designed to 
include living donor liver transplantation, not deceased 
donor liver transplantation. Because of the small number 
of deceased donors in Japan, most liver transplantations 
have been performed with living donors. Although living 
donor liver transplantation has the disadvantage of a 
smaller liver graft, it also has advantages such as a shorter 
cold ischaemic time. The findings of this study will be 
different from those obtained during studies involving 
deceased donor liver transplantation. Second, the 
handling of the history of pulmonary metastasis during 
this study will be different from that of other studies. 
Patients with a history of three or fewer pulmonary metas-
tases and no recurrence for more than 6 months after 
treatment will be included in this study. Many studies 
have suggested that the resection of a small number 
of pulmonary metastases from colorectal cancer can 
prolong survival.14–16 Furthermore, it has been reported 
that even if pulmonary metastases appear after liver trans-
plantation, the prognosis is not poor if these metastases 
are treated.7 Therefore, our protocol does not exclude 
all patients with pulmonary metastases. However, patients 
who have experienced more than three pulmonary metas-
tases and recurrence within 6 months will not be included. 
Third, the handling of the histopathology and genetic 
statuses of patients will be different from that of oither 
studies. Consensus guidelines published by the Interna-
tional Hepato-Pancreato-Biliary Association suggest that 
some types of histopathology and genetic statuses, such 

as signet ring cell carcinoma or the BRAFV600E muta-
tion, should be excluded from trials because the prog-
nosis for these patients is considered poor. Regardless 
of the histopathology or genetic status, a good prog-
nosis may be expected if medical therapy is effective. 
Additionally, Gagniere et al reported that metastases of 
colorectal cancer with the BRAFV600E mutation tend to 
be confined to the liver.17 Therefore, liver transplanta-
tion may be suitable for improving the prognosis when 
metastases are confined to the liver and medical therapy 
is effective. Among ongoing trials, this trial has some of 
the most challenging eligibility criteria. Furthermore, this 
trial will explore novel criteria for liver transplantation 
for patients with non-resectable CRLM. Fourth, this study 
is a multicentre, single-arm trial without a control arm. 
Furthermore, the sample size of this study is small (23 
patients). Future clinical trials should be designed based 
on the result of this study.

Trial status
This trial has been registered in the UNIN-CTR (regis-
tration number: 000049785) and iRCT (registration 
number: 1050230053). Participant recruitment is 
ongoing. The protocol version number is 5.3.
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