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Incidence of colorectal cancer liver 
metastases (CRCLM)



Incidence of synchronous colorectal cancer 
liver metastases (CRCLM)



Incidence of colorectal cancer liver 
metastases (CRCLM)

• Frequently reported as 40-50% of patients 
with colorectal cancer (CRC)

• True incidence – population-based studies
– Manfredi et al. – 27.3% (5-year follow-up)
– Hackl et al. – 24.7% (5-year follow-up)
– Engstrand J et al. – 26.5% (5-year follow-up)

Manfredi S, et al. Ann Surg. 2006;244:254–259
Hackl C, et al. BMC Cancer. 2014;14:810
Engstrand J, Jonas E, et al. BMC Cancer. 2018;18:78
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Definition – synchronous vs. metachronous



Definition

There is no consensus on the definition of 
synchronous vs. metachronous metastases

• At diagnosis of the primary tumour

• 3 months afterwards

• 6 months afterwards

• 12 months afterwards
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Synchronous and metachronous liver
metastases in patients with colorectal
cancer—towards a clinically relevant
definition
Jennie Engstrand1* , Cecilia Strömberg2, Henrik Nilsson1, Jacob Freedman1 and Eduard Jonas2,3

Abstract

Background: Approximately 25% of patients with colorectal cancer (CRC) will have liver metastases classified as
synchronous or metachronous. There is no consensus on the defining time point for synchronous/metachronous,
and the prognostic implications thereof remain unclear. The aim of the study was to assess the prognostic value of
differential detection at various defining time points in a population-based patient cohort and conduct a literature
review of the topic.

Methods: All patients diagnosed with CRC in the counties of Stockholm and Gotland, Sweden, during 2008 were
included in the study and followed for 5 years or until death to identify patients diagnosed with liver metastases.
Patients with liver metastases were followed from time of diagnosis of liver metastases for at least 5 years or until
death. Different time points defining synchronous/metachronous detection, as reported in the literature and
identified in a literature search of databases (PubMed, Embase, Cochrane library), were applied to the cohort, and
overall survival was calculated using Kaplan-Meier curves and compared with log-rank test. The influence of
synchronously or metachronously detected liver metastases on disease-free and overall survival as reported in
articles forthcoming from the literature search was also assessed.

Results: Liver metastases were diagnosed in 272/1026 patients with CRC (26.5%). No statistically significant
difference in overall survival for synchronous vs. metachronous detection at any of the defining time points (CRC
diagnosis/surgery and 3, 6 and 12 months post-diagnosis/surgery) was demonstrated for operated or non-operated
patients. In the literature search, 41 publications met the inclusion criteria. No clear pattern emerged regarding the
prognostic significance of synchronous vs. metachronous detection.

Conclusion: Synchronous vs. metachronous detection of CRC liver metastases lacks prognostic value. Using primary
tumour diagnosis/operation as standardized cut-off point to define synchronous/metachronous detection is
semantically correct. In synchronous detection, it defines a clinically relevant group of patients where individualized
multimodality treatment protocols will apply.
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study, a Cox regression analysis, including age, sex,
tumour factors (tumour stage, nodal stage, right- vs. left-
sided), number and size of liver metastases, time of de-
tection (synchronous vs. metachronous), liver resection
and the presence of lung metastases, was performed. In
the multivariate analysis age, primary tumour origin
(midgut vs. hindgut), size of largest liver metastasis and
liver resection significantly predicted survival, while syn-
chronous vs. metachronous (HR 0.91, 95% CI 0.64–1.30)
did not significantly influence survival [4]. In this article,
patients that were operated and patients not operated
for CRCLM were assessed separately. Ideally, additional
treatment such as neoadjuvant, adjuvant and palliative
chemotherapy therapy should have been controlled for
in a multivariable analysis, but the rather small CRCLM
cohort precludes further subgroup analysis.
Although the PRISMA statement guidelines were ad-

hered for extraction of published data required for the
study (definitions for and impact of synchronous vs.
metachronous detection on prognosis at the different
time points), a formal systematic review was not per-
formed. A systematic review and meta-analysis to assess
the prognostic value of synchronous vs. metachronous
detection using the proposed definition is highly desir-
able, as this may clarify the impact on prognosis.

Conclusion
This study, to our knowledge, is the first to address the
issue in a well-validated population-based cohort, and it
fails to show any prognostic value in distinguishing syn-
chronous from metachronous detection of CRCLM for
any of the previously reported defining cut-off points,
neither for operated patients nor for patients treated
with palliative intent. We suggest using primary tumour
diagnosis/operation as standard cut-off point to define
synchronous/metachronous detection as a clinically rele-
vant definition.

Abbreviations
CRC: Colorectal cancer; CRCLM: Colorectal cancer liver metastases;
DFS: Disease-free survival; OS: Overall survival; SCRCR: Swedish Colorectal
Cancer Registry
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Primary tumour diagnosis/surgery 18 9 9 4 8
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Twelve months post-primary tumour diagnosis/surgery 7 0 7 0 1

Total 41 15 26 4 15
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Terminology frequently used in the literature, for ex-
ample development of synchronous vs. metachronous
metastases, implies two different clinical entities, creat-
ing the unfounded impression that the metastatic events
occur during the respective periods. The mechanism for
CRC metastases to the liver has been described in detail,
with tumour cells entering the liver either via the portal
vein or hepatic artery, the common point of entry being

the sinusoidal space [59 ]. Whether the risk for new me-
tastases to the liver ceases at removal of the primary
tumour is unclear. Patterns of hepatic recurrence ob-
served in a cohort of patients transplanted for CRCLM
suggest that previously undiagnosed lung or lymph node
metastases could be the source of liver metastases in the
transplanted liver [60 , 61 ]. The development of liver me-
tastases in the transplanted liver in the absence of any

Fig. 2 a–d Overall survival curves for synchronous and metachronous detected metastases. Operated and non-operated patients shown for the
different synchronous/metachronous cut-off points at a, detection of the primary tumour (non-operated, palliative)/operation for the primary
tumour (resected) and b, 3 months, c, 6 months and d, 12 months after detection/resection of the primary tumour

Engstrand et al. World Journal of Surgical Oncology          (2019) 17:228 Page 5 of 10

Engstrand J, Jonas E. et al. World J Surg Oncol. 2019 Dec 26;17(1):228. doi: 10.1186/s12957-019-1771-9



• CRCLMs are always synchronous

• Detection is synchronous or metachronous

Terminology



CRCLMs are always synchronous

• After CRC removal no new LMs can form

• Are detectable at CRC presentation
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Liver Transplantation for Nonresectable Liver Metastases From
Colorectal Cancer

Morten Hagness, MD,∗† Aksel Foss, MD, PhD,∗† Pål-Dag Line, MD, PhD,∗ Tim Scholz, MD, PhD,∗
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Steinar Solberg, MD, PhD,∥ John Hausken, MD,∗∗ and Svein Dueland, MD, PhD††

Objective: The objective of this pilot study was to investigate the potential
for long-term overall survival (OS) after liver transplantation for colorectal
liver metastases (CLMs).
Background: Patients with nonresectable CLMs have poor prognosis, and
few survive beyond 5 years. CLMs are currently considered an absolute
contraindication for liver transplantation, although liver transplantation for
primary and some secondary liver malignancies shows excellent outcome in
selected patients. Before 1995, several liver transplantations for CLMs were
performed, but outcome was poor (5-year survival rate: 18%) and liver trans-
plantation for CLMs was abandoned. Since then, the survival rate after liver
transplantation in general has improved by almost 30%. On the basis of this,
a 5-year survival rate of about 50% after liver transplantation for CLMs could
be anticipated.
Methods: In a prospective pilot study, liver transplantation for nonresectable
CLMs was performed (n = 21). Main inclusion criteria were liver-only CLMs,
excised primary tumors, and at least 6 weeks of chemotherapy.
Results: Kaplan-Meier estimates of the OS rate at 1, 3, and 5 years were 95%,
68%, and 60%, respectively. Metastatic recurrence of disease was common
(mainly pulmonary). However, a significant proportion of the recurrences
were accessible for surgery, and at follow-up (after median of 27 months;
range, 8–60), 33% had no evidence of disease. Hepatic tumor load before
liver transplantation, time from primary surgery to liver transplantation, and
progressive disease on chemotherapy were identified as significant prognostic
factors.
Conclusions: OS exceeds by far reported outcome for chemotherapy, which
is the only treatment option available for this patient group. Furthermore, OS is
comparable with liver resection for resectable CLMs and survival after repeat
liver transplantation for nonmalignant diseases. Selection strategies based
on prognostic factors may further improve the outcome (ClinicalTrials.gov:
NCT01311453).

Keywords: colorectal liver metastases, liver transplantation, malignancy,
non-resectable, prospective study

(Ann Surg 2013;257: 800–806)
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C olorectal liver metastases (CLMs) are currently considered an
absolute contraindication for liver transplantation. This is in

notable contrast to the successful development of liver transplantation
as treatment of primary1,2 and some secondary liver malignancies.3,4

Colorectal carcinoma is one of the most frequent cancers in
Western societies. Approximately half of the patients develop metas-
tases, with liver and lung as primary metastatic sites. Surgical treat-
ment of metastases is the only measure with curative potential; how-
ever, the relapse rate after liver resection is high and 5-year overall
survival (OS) rate ranges from 30% to 58%.5–7 Many CLM patients
have nonresectable disease, which has poor prognosis, and few sur-
vive up to 5 years.8,9 Conceptually, liver transplantation is an attractive
treatment option for nonresectable CLMs, offering a R0 procedure
by replacing the liver. Before 1995, several liver transplantations for
CLMs were performed and reported to the European Liver Trans-
plant Registry. The 1- and 5-year survival rates were 62% and 18%,
respectively,10 but it should be kept in mind that the perioperative
mortality after liver transplantation then was about 30%.11 Because
of a high rate of tumor relapse, poor survival, and shortage of donor
livers, liver transplantation for CLMs was abandoned.12

During the last 20-year period, survival after liver transplanta-
tion has improved by 20% to 30%.13–15 Advances in imaging tech-
niques have facilitated patient selection by providing more accurate
diagnosis of extrahepatic disease. The introduction of mTOR (mam-
malian target of rapamycin) inhibitors in transplantation has offered
a class of adequate immunosuppressive agents with antineoplastic
properties.16–18 By combining these achievements, a 5-year OS rate
of about 50% after liver transplantation for CLMs could be antici-
pated.

Norway has a fortunate donor situation, and average waiting
time for liver transplantation is less than 1 month.15 Norway is also
a part of the committing collaboration for exchange of donor livers
in urgent cases through Scandiatransplant, and each year a substan-
tial number of donor livers are exported to other liver transplant
centers.15 Although the liver transplantation rate has increased con-
siderably over the last years, a surplus of donor livers has provided
an opportunity to explore liver transplantation for expanded indica-
tions such as treatment of malignant liver diseases. On the basis of
reasoning outlined earlier, we obtained an ethical and institutional
review board approval (S-05409 Regional Ethics Committee for a
clinical study to investigate the potential for long-term survival in
nonresectable CLM patients treated with liver transplantation (SECA
study, ClinicalTrials.gov: NCT01311453).

METHODS
Study Design and Procedures

The study was an open, prospective pilot study. Patients with
nonresectable CLMs were referred to Oslo University Hospital for
second opinion concerning resectability and assessed by a multidis-
ciplinary team consisting of hepatopancreatobiliary and transplant

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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TABLE 1. Baseline Characteristics

Age at treatment, median (range), yr 56 (45–65)
Gender, n (%)
Male 13 (62)
Female 8 (38)
Tumor characteristics, primary tumor
Tumor location, n (%)

Colon 11 (52)
Rectum 10 (48)

TNM staging, n
pT2 2
pT3 16
ypT0 1 (Preradiation

stage: T4)
ypT3 2 (Preradiation

stage: T4)
N0 7
N1 7
N2 7

Cancer treatment before transplantation
Chemotherapy

Lines of chemotherapy received before liver
transplantation, n (%)

1 9 (43)
2 8 (38)
3 4 (19)

Chemotherapy received, n
Irinotecan 16
Oxaliplatin 18
Bevacizumab 8
Cetuximab 5

Preoperative chemoradiation 3 patients with
rectal cancer

Liver resections 4 patients (5
procedures)

Radio-frequency ablations 2 patients
Tumor characteristics, liver metastases
No. metastases,∗ median (range) 8 (4–40)

4 and 5 4
6–9 9
10–19 3
20–29 2
≥30 3

Diameter of largest metastasis,∗ median (range), cm 4.5 (2.8–13.0)
<5 12
5–10 5
>10 4

FCRS, n (%)
0–2 5 (24)
3–5 16 (76)
Time of liver metastases, n (%)
Metachronous 4 (19)
Synchronous 17 (81)

∗Largest number/diameter measured at CT scans before liver transplantation or
examination of explanted liver.

benefit (Fig. 2B). Elevated CEA levels pre–liver transplantation were
predictive of inferior survival; highest significance for cutoff values
was between 30 and 85 µg/L (Fig. 2C). OS after liver transplantation
was significantly lower for patients with PD at the time of liver trans-
plantation than for the patients with stable disease or partial response
to chemotherapy (Fig. 2D).

The presence of each of these 4 factors (maximal tumor di-
ameter above 5.5 cm, time from primary cancer surgery <2 years,
CEA levels >80µg/L, and PD at the time of liver transplantation)
for every patient was summed up. The number of factors for each

FIGURE 1. Overall survival after liver transplantation for metas-
tases from nonresectable CRC. The KM plot shows overall sur-
vival from the time of liver transplantation (red line). Stapled
lines shows 95% CI for the KM plot. Blue line shows DFS. All
deaths were due to the underlying cancer disease. No patients
were lost to follow-up.

patient was significantly associated with survival (P < 0.001, Cox
regression). Five patients had all 4 factors present, and these were 5
of the 6 patients deceased in this study (Fig. 2E).

Nodal status in the primary excised tumor preparation showed
trends toward stratification but was not statistically significant (data
not shown). The 4 patients who developed metachronous CLMs were
all alive with a median observational time of 4 years (range, 27–59
months). The number of liver metastases had no significant impact
on survival.

Recurrence of Disease
As expected, the recurrence rate was high. Altogether,

metastatic or local recurrence was diagnosed in 19 of 21 patients
after a median time of 6 months (range, 2–24 months) (Table 2).
Pulmonary-only metastases developed in 7 patients. Other sites of
recurrence (in addition to lungs), including the transplanted liver
(n = 7), skeleton (n = 5), ovarian or adrenal gland (n = 3), peri-
toneum (n = 1), and para-aortal lymph nodes (n = 2), were observed
in 9 patients. Two patients developed recurrence of the primary rectal
cancer. The numbers reflect all malignancies identified in the entire
observational period.

In 2 cases, liver metastases had histologically breached the liver
capsule and infiltrated the diaphragm at the time of liver transplanta-
tion. In 1 patient, this was not apprehended before crucial structures
were divided and hence liver transplantation was performed. In the
second patient, several frozen sections taken during surgery showed
negative results whereas the final histology showed tumor infiltration
of the musculature. These 2 patients had the shortest survival in the
study (6 and 15 months, respectively).

A significant proportion of recurrences after liver transplanta-
tion were accessible for surgical, radio-frequency, or radiation treat-
ment. In 8 patients, a total of 14 resections or radio-frequency ab-
lations of pulmonary lesions were performed. Seven patients (33%)
had no evidence of disease at the last follow-up, 4 received surgi-
cal treatment of metastatic disease, and 1 had undergone combined
chemoradiation and surgery for local recurrence of rectal cancer.

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
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Detection is synchronous or metachronous
Definition
Metastases diagnosed at the time of diagnosis 
of the primary tumour and in patients operated 
for CRC at the time of operation

• Semantically correct – the primary tumour and 
metastases have to be present at the same time

• Diagnosing metastatic disease at the time of 
diagnosis of the primary tumour has got 
important therapeutic implications
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Figure 1 The time of detection of the liver metastases as related to the time of diagnosis of the primary 
tumour  
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• It is not
about:

– development
– presentation

• It is about
– detection

% synchronous detection is the strongest quality 
parameter for pre- and peri-operative liver imaging

Bad quality imaging

Good quality imaging

CRCLMs are synchronous in all patients!
The detection varies!



Detection and work-up for CRCLM
• Ultrasound (US))

– Sonovue
– Sonazoid

• CE multidetector CT (CE-MDCT) 4-phase
– Iodine-based contrast

• Magnetic resonance imaging (MRI)
– Extracellular contrast

– Hepato-cellular contrast

MRI is still widely regarded as a problem-solving modality in 
unclear cases, rather than a first-line imaging modality



Pre-contrast Arterial phase Portovenous 
phase Delayed phase Hepatobiliary 

phase

CE-MDCT ✗

Conventional MRI ✗

Gd-EOB-DTPA-MRI 

Pre-contrast Arterial phase Portovenous 
phase Delayed phase

CE-MDCT 

ECCM-MRI 

Gd-EOB-DTPA-MRI 
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Randomized clinical trial

Randomized multicentre trial of gadoxetic acid-enhanced MRI
versus conventional MRI or CT in the staging of colorectal
cancer liver metastases

C. J. Zech1,3, P. Korpraphong4, A. Huppertz2, T. Denecke2, M.-J. Kim6, W. Tanomkiat5, E. Jonas7

and A. Ba-Ssalamah8 on behalf of the VALUE study group
1Institute of Clinical Radiology, University Hospital Munich – Grosshadern, Munich, and 2Department of Radiology, Charité University Hospital,
Berlin, Germany, 3Clinic of Radiology and Nuclear Medicine, University Hospital Basle, Basle, Switzerland, 4Department of Radiology, Faculty of
Medicine, Siriraj Hospital, Bangkok, and 5Department of Radiology, Faculty of Medicine, Prince of Songkla University, Songkla, Thailand, 6Yonsei
University, Severance Hospital, Seoul, South Korea, 7Department of Upper Abdominal Surgery, Karolinska University Hospital, Stockholm, Sweden,
and 8Department of Biomedical Imaging and Image-guided Therapy, Medical University of Vienna, Vienna, Austria
Correspondence to: Dr C. J. Zech, Clinic of Radiology and Nuclear Medicine, University Hospital Basle, Petersgraben 4, CH-4031 Basle, Switzerland
(e-mail: Christoph.Zech@usb.ch)

Background: This multicentre international randomized trial compared the impact of gadoxetic acid-
enhanced magnetic resonance imaging (MRI), MRI with extracellular contrast medium (ECCM-MRI)
and contrast-enhanced computed tomography (CE-CT) as a first-line imaging method in patients with
suspected colorectal cancer liver metastases (CRCLM).
Methods: Between October 2008 and September 2010, patients with suspected CRCLM were
randomized to one of the three imaging modalities. The primary endpoint was the proportion of
patients for whom further imaging after initial imaging was required for a confident diagnosis. Secondary
variables included confidence in the therapeutic decision, intraoperative deviations from the initial
imaging-based surgical plan as a result of additional operative findings, and diagnostic efficacy of the
imaging modalities versus intraoperative and pathological extent of the disease.
Results: A total of 360 patients were enrolled. Efficacy was analysed in 342 patients (118, 112 and
112 with gadoxetic acid-enhanced MRI, ECCM-MRI and CE-CT respectively as the initial imaging
procedure). Further imaging was required in 0 of 118, 19 (17·0 per cent) of 112 and 44 (39·3 per cent)
of 112 patients respectively (P < 0·001). Diagnostic confidence was high or very high in 98·3 per cent of
patients for gadoxetic acid-enhanced MRI, 85·7 per cent for ECCM-MRI and 65·2 per cent for CE-CT.
Surgical plans were changed during surgery in 28, 32 and 47 per cent of patients in the respective groups.
Conclusion: The diagnostic performance of gadoxetic acid-enhanced MRI was better than that of CE-
CT and ECCM-MRI as the initial imaging modality. No further imaging was needed in the gadoxetic
acid-enhanced MRI group and comparison of diagnostic efficacy parameters demonstrated the diagnostic
superiority of gadoxetic acid-enhanced MRI. Registration number: NCT00764621(http://clinical
trials.gov); EudraCT number: 2008-000583-16 (https://eudract.ema.europa.eu/).

Presented in abstract form to the 97th Scientific Assembly and Annual Meeting of the Radiological Society of
North America, Chicago, Illinois, USA, December 2011

Paper accepted 21 January 2014
Published online in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.9465

Introduction

Colorectal cancer is the third leading cause of cancer death
in the world1. Approximately 50 per cent of patients with
colorectal cancer either have or will develop liver metas-
tases at some stage of their disease2,3. In patients diagnosed
with colorectal cancer, imaging of the liver is standard

practice to exclude synchronous hepatic metastases4.
For follow-up after colorectal resection, guidelines5

suggest the use of hepatic imaging by ultrasonography or
computed tomography (CT) at specified intervals, at the
discretion of the surgeon or in the case of rising serum
carcinoembryonic antigen (CEA) levels. The presence
of colorectal cancer liver metastases (CRCLM) is an

© 2014 The Authors. BJS published by John Wiley & Sons Ltd on behalf of BJS Society Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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Health-economic evaluation of three imaging
strategies in patients with suspected
colorectal liver metastases:
Gd-EOB-DTPA-enhanced MRI vs. extracellular
contrast media-enhanced MRI and 3-phase
MDCT in Germany, Italy and Sweden

Abstract The purpose of this study
was to perform an economic evalua-
tion of hepatocyte-specific Gd-EOB-
DTPA enhanced MRI (PV-MRI)
compared to extracellular contrast-
media-enhanced MRI (ECCM-MRI)
and three-phase-MDCT as initial
modalities in the work-up of patients
with metachronous colorectal liver
metastases. The economic evaluation
was performed with a decision-tree
model designed to estimate all aggre-
gated costs depending on the initial
investigation. Probabilities on the
need for further imaging to come to a
treatment decision were collected
through interviews with 13 pairs of
each a radiologist and a liver surgeon
in Germany, Italy and Sweden. The

rate of further imaging needed was
8.6% after initial PV-MRI, 18.5% after
ECCM-MRI and 23.5% after MDCT.
Considering the cost of all diagnostic
work-up, intra-operative treatment
changes and unnecessary surgery, a
strategy starting with PV-MRI with
959 € was cost-saving compared to
ECCM-MRI (1,123 €) and MDCT
(1,044 €) in Sweden. In Italy and
Germany, PV-MRI was cost-saving
compared to ECCM-MRI and had
total costs similar to MDCT. In
conclusion, our results indicate that
PV-MRI can lead to cost savings by
improving pre-operative planning and
decreasing intra-operative changes.
The higher cost of imaging with PV-
MRI is offset in such a scenario by
lower costs for additional imaging and
less intra-operative changes.

Keywords Liver imaging . MRI .
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Introduction

In a time of limited health-care resources it is important to
compare not only the sensitivity and the specificity of new
diagnostic techniques, but also the impact of the procedure
on decision-making, clinical outcomes and costs. Evaluation
of sensitivity and specificity alone does not provide the
information required to decide whether or not a new

technology should be implemented [1]. In particular, the
cost of a single diagnostic investigation should not be viewed
in isolation. The need and cost of further imaging to come to
a treatment decision should also be taken into consideration,
as well as the effects on the pre-operative planning and the
frequency of changes in operative plans during surgery.

The liver is a common site of metastases from
colorectal carcinoma [2, 3]. High precision in detecting,
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Abstract
Objectives To assess the costs of diagnostic workup and sur-
gery of three strategies for patients with colorectal cancer
liver-metastases (CRCLM): gadoxetic-acid-enhanced MRI
(Gd-EOB-DTPA-MRI), MRI with extracellular contrast-
media (ECCM-MRI) or contrast-enhanced MDCT (CE-
MDCT).
Methods The within-trial cost evaluation was modelled as a
decision-tree to calculate the cost of diagnosis and surgery.
The model used clinical outcomes and resource utilization
data from a prospective randomized multicentre study.
Analyses were performed for the 354-patient safety popula-
tion from eight participating countries.
Results The diagnostic workup cost using Gd-EOB-DTPA-
MRI upfront resulted in savings compared to ECCM-MRI in
all countries except Thailand (difference <2 %). Compared to
CE-MDCT, initial imaging with Gd-EOB-DTPA-MRI was

less costly in all countries except Korea and Spain (differences
4 and 8 %, respectively). Significantly more patients in the
Gd-EOB-DTPA-MRI group were eligible for surgery (39.3 %
(48/122) vs. 31.0 % (36/116) and 26.7 % (31/116) for ECCM-
MRI and CE-MDCT, respectively), allowing more patients to
undergo potentially curative surgery, but resulting in higher
treatment costs for the strategy starting with Gd-EOB-DTPA-
MRI.
Conclusions The benefits of Gd-EOB-DTPA-MRI due to less
additional imaging and similar diagnostic workup costs in the
three groups suggest that Gd-EOB-DTPA-MRI should be the
preferred initial imaging procedure to evaluate hepatic resect-
ability in patients with CRCLM.
Key Points
•Diagnostic imaging cost to evaluate resectability was similar
among the groups

• Cost for imaging was rather small compared to the cost of
surgery

• Significantly more patients in the Gd-EOB-DTPA-MRI arm
were eligible for surgery

•Gd-EOB-DTPA-MRI is recommended for evaluating hepatic
resectability in patients with CRCLM

Keywords Cost . Economic evaluation . Liver imaging .

Magnetic resonance imaging . Contrast agents

Introduction

Globally, colorectal cancer (CRC) is one of the leading causes
of tumour-associated deaths [1]. A major determinant of out-
come is the extent of disease. Patients with metastatic (Stage
IV) disease have a 5-year survival rate of 12 % compared with
90 % for Stage I/II and 70 % for Stage III disease [2]. Twenty-
five to 50 % of patients with CRC present with liver
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MRI with Primovist

• More sensitive - detect more

• Surgery more often performed

• If used as primary modality – no further imaging required

• Less often change pre-operative plan

• Generally a more economic strategy



Treatment 

All the permutations of modern CRCLM treatment 
apply but influenced by timing of the liver intervention

• Before CRC operation

• Simultaneous to CRC operation

• After CRC operation



• Number of metastases
• Size of metastases
• Segmental distribution
• Macroscopic surgical margins
• Extrahepatic disease

Resectable Unresectable

Operation Palliation

Curative intervention for CRCLM - the 1900’s paradigm

Decisions based on what is taken away



Curative intervention for CRCLM - the 2000’s paradigm

• Absolute contra-indications
• Inability to achieve a R0 situation in the liver
• Inability to leave a sufficient future liver remnant (FLR)

• Relative contra-indications
• extrahepatic disease
• progress on chemotherapy
• and more…………

Pawlik T, et al. The Oncologist 2008;13:51–64

Decisions based on what is left behind



Curative intervention for CRCLM – the post 2010 paradigm

OMD – oligometastatic disease

• metastases at 2-3 sites, n ≤ 5 (or sometimes more)

• predominantly visceral (liver, primary, lung, 

peritoneum, nodes and ovary)

• lesions in bones and brain are excluded

Van Cutsem E, et al. Annals of Oncology 2016;27:1386-1422 



Liver first operation for synchronous CRCLM

• Indications:
– extensive liver disease /borderline resectability
– rectal cancer

• Advantages:
– avoids risk of progression beyond resectability
– rectal cancer – liver resection in post-radiation pause

• Results:
– similar survival to colon first strategy 



The median follow-up time was 40 (27–57) months. No dif-
ference in overall survival was found (P = 0.344), with an overall
five-year survival of 54% for the classical group and 49% for the
liver-first group. A total of 264 patients had died at the end of the
study of the 623 patients that underwent both bowel and liver
surgery. Kaplan Meier survival curves for resected patients are
shown in Fig. 1. The time from the first to the second operation
was 4.7 (2.8–6.1) months for patients treated using the classical
strategy, and 2.0 (1.4–3.7) months for patients treated using the
liver-first strategy (P < 0.001).
A total of 281 patients had primary rectal cancer, of which 115

(41%) were handled with the classical strategy and 166 (59%)

with the liver-first strategy. The patient characteristics are shown
in Table 2. The overall five-year survival was the same, regardless
of surgical approach (51% vs 47%, P = 0.474).
A total of 342 patients had primary colon cancer, 262 (77%)

of which were treated with the classical strategy and 80 (23%)
with the liver-first strategy. The patient characteristics are
shown in Table 3. The five-year overall survival was the same in
the groups with primary colon cancer (56% vs 51%,
P = 0.564).
Eighty-four patients underwent liver resection but not bowel

resection. The patient characteristics are shown in Table 4. The
overall five-year survival was 14 (8–28)%.

Figure 1 Overall survival from diagnosis for resected patients with synchronous liver metastases, P = 0.34 (log-rank test)
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Abstract
Background: Patients with synchronous colorectal liver metastases (sCRLM) are increasingly operated
with liver resection before resection of the primary cancer. The aim of this study was to compare out-
comes in patients following the liver-first strategy and the classical strategy (resection of the bowel first)
using prospectively registered data from two nationwide registries.
Methods: Clinical, pathological and survival outcomes were compared between the liver-first strategy
and the classical strategy (2008–2015). Overall survival was calculated.
Results: A total of 623 patients were identified, of which 246 were treated with the liver-first strategy
and 377 with the classical strategy. The median follow-up was 40 months. Patients chosen for the
classical strategy more often had T4 primary tumours (23% vs 14%, P = 0.012) and node-positive pri-
maries (70 vs 61%, P = 0.015). The liver-first patients had a higher liver tumour burden score (4.1
(2.5–6.3) vs 3.6 (2.2–5.1), P = 0.003). No difference was seen in five-year overall survival between the
groups (54% vs 49%, P = 0.344). A majority (59%) of patients with rectal cancer were treated with the
liver-first strategy.
Conclusion: The liver-first strategy is currently the dominant strategy for sCRLM in patients with rectal
cancer in Sweden. No difference in overall survival was noted between strategies.
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Introduction

Colorectal cancer is the third most common malignancy in the
world1,2 and 15–20 per cent of patients present with synchro-
nous liver metastases at diagnosis.3–5 Surgical resection of all
tumours, when feasible, currently offers the only potential for
cure. Traditionally, the primary tumour is resected as the first
intervention, followed by resection of the liver metastasis in a
second stage; this is called the classical strategy. In the last decade,

increased focus has been on preoperative chemotherapy and
resection of the liver metastases as the first intervention, followed
by resection of the primary tumour, here described as the liver-
first strategy, as introduced by Mentha et al.6

The liver-first strategy potentially avoids the disadvantage of
the classical strategy, especially in the case of complications after
bowel surgery, of postponing liver resection and the risk of
progression of the liver disease beyond resectability. In addition,
in the case of pre-treatment of rectal primaries with long course
chemo-radiation, liver resection can be performed in the waiting
time between radiation and rectal resection, possibly shortening
the total treatment time. No survival differences have been

Previous publications: This paper was presented at the 12th International

Congress of the European-African Hepato-Pancreato-Biliary Association

that took place in Mainz, Germany, May 2017.

HPB 2018, 20, 441–447 © 2017 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Simultaneous vs. delayed operation for 
synchronous CRCLM

• Indication – easy colon and easy liver

• Results:
– shorter hospital stay for simultaneous
– similar perioperative morbidity
– similar long-term survival

Guo Y, et al. Am Surg. 2018 Feb 1;84:192-200



Simultaneous vs. delayed operation for 
synchronous CRCLM

• Indication – high-risk colon and high-risk liver

• Results:
– shorter hospital stay for simultaneous
– similar perioperative morbidity
– similar long-term survival

Guo Y, et al. Am Surg. 2018 Feb 1;84:192-200



Resectable vs. unresectable

Group 1
Readily resectable with a single 

intervention (15-25%)

Group 2
Unresectable but potentially resectable

with multimodality conversion (15-20%)

Group 3
Unresectable and unlikely to become 

resectable (60-70%) 



Conversion strategies

Tumour-targeting
• Conversion chemotherapy
• Staged surgery
• Local ablation techniques

FLR-targeting
• Portal vein embolization
• Portal vein ligation

Combination
• In situ liver split (ALPPS)
• Liver transplant



should be considered technically resectable as long as complete
macroscopic resection is feasible, while maintaining at least a
30% future liver remnant (FLR) or a remnant liver to body
weight ratio >0.5 (e.g. >350 g of liver per 70 kg patient) [149–
151]. However, the concern remains that not all patients with
technically resectable liver-limited metastases benefit from
surgery, with approximately half developing widespread sys-
temic disease within 3 years of resection [152].
The ‘oncological’ criteria provide prognostic information that

predict a longer disease-free survival (DFS) or a higher likeli-
hood of cure. These include, as strong parameters, the number
of lesions, the presence (or suspicion) of extrahepatic disease
and the criteria used in numerous retrospective evaluations and
in the FONG score [153]. Thus, for some patients, neoadjuvant
chemotherapy may be a better option than upfront surgery.
In practice, patients can be categorised into groups based on

technological and oncological criteria as outlined in Figure 2
and according to the new system for deciding whether or not a
patient is eligible for resection proposed by Adam et al. [148],
and described in Table 2.

imaging in the identification of resectable/
unresectable disease
Computed tomography (CT) scans are routinely used for
primary staging and disease surveillance in patients with CRC.
Although practice varies between treatment centres, the evi-
dence suggests that the best methods for detection of liver
metastases from CRC are CT and magnetic resonance imaging
(MRI) [154]. However, many teams alternate liver ultrasonogra-
phy (US) and CT for detection of disease to decrease the expo-
sure of patients to the radiation resulting from repeated CT
scans. For the characterisation of focal liver lesions, CT, con-
trast-enhanced US (CEUS) and MRI can be used [155]. For
lesions <10 mm in diameter, MRI is a more sensitive modality
than CT [156] and specifically hepatobiliary MRI with specific

contrast enhancers (such as gadoxetate) which is associated with
a higher accuracy of lesion detection [157].
For the detection of extrahepatic metastases and local recur-

rence at the site of the initial colorectal surgery, CT and positron
emission tomography (PET)/CT scans are used [158]. A pro-
spective randomised trial evaluating high-quality CT and PET
imaging involving 263 patients showed only a 7.6% change in
management following PET [159], while a retrospective analysis
reported a change in intended curative therapy to palliative
therapy or vice versa in one-third of patients [160]. Also, a
recently published meta-analysis of studies evaluating PET and
PET/CT in patients with liver metastases reported PET findings
to result in changes in the management of a mean of 24% of
patients, with a mean incidence of PET-based extrahepatic

Oncological
criteria

(prognostic)

Bad

Good Perioperative FOLFOX

Preoperative FOLFOX

No preoperative
therapy

(adjuvant?)

Conversion with
‘best systemic therapy’

Excellent

Easy Difficult

Surgical
 criteria

 (technical)

Figure 2. Categorisation of patients according to technical and oncological criteria. FOLFOX, infusional 5-fluorouracil, leucovorin, oxaliplatin.

Table 2. Contraindications to hepatic resection in patients with
CRC liver metastases (adapted from Adam et al. [148] with
permission from AlphaMed Press)

Category Contraindication

Technical (A)
1. Absolute Impossibility of R0 resection with ≥30% liver remnant

Presence of unresectable extrahepatic disease

2. Relative R0 resection possible only with complex procedure
(portal vein embolisation, two-stage hepatectomy,
hepatectomy combined with ablationa)

R1 resection
Oncological (B)
1. Concomitant extrahepatic disease (unresectable)
2. Number of lesions ≥5
3. Tumour progression

Patients should be categorised as A1 or A2/B1, B2 or B3.
aAll methods, including radiofrequency ablation.

 | Van Cutsem et al. Volume 27 | No. 8 | August 2016

special articles Annals of Oncology

 at U
niversity of C

ape Tow
n Libraries on A

ugust 10, 2016
http://annonc.oxfordjournals.org/

D
ow

nloaded from
 

Chemotherapy

Van Cutsem E, et al. Annals of Oncology 2016;27:1386-1422 



Two-stage liver resection
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Abstract

Aims: Resection for colorectal cancer liver metastases is indicated when an R0 resection with preservation of a sufficient future liver
remnant (FLR) is achievable. Multimodality conversion of initially unresectable patients to resectable is possible in some patients. We pre-
sent results of a downstaging strategy using microwave ablation (MWA).
Patients and methods: In patients where resection was precluded by absence of a tumour-free FLR due to the extent of segmental tumour
engagement, but with the potential to clear the whole liver with multiple local ablations, MWA was performed at laparotomy using ultra-
sound guidance or computer-assisted navigation. Mortality and morbidity was recorded and the overall and disease-free survival of the
ablated patients was compared to data of two historic cohorts.
Results: Ten of twenty treated patients were alive at median follow-up 25 months. There was no perioperative mortality, with MWA-
associated complications being mild to moderate. The MWA group showed a 4-year overall survival of 41%, compared to 70% for a historic
cohort of primarily resected patients and 4% for patients with palliative treatment.
Conclusion: Results of the multiple ablation strategy in the defined population suggest a survival benefit, compared to palliative chemo-
therapy alone with acceptable associated morbidity and no perioperative mortality.
! 2014 Elsevier Ltd. All rights reserved.

Keywords: Multiple ablations; Microwave ablation; Colorectal cancer; Liver metastases

Introduction

Colorectal cancer (CRC) is the third leading cause of can-
cer death in the world and among the leading causes of
tumour-associated deaths in Western countries.1 Twenty-
five to fifty percent of patients with CRC have liver metasta-
ses, either detected at diagnosis of the primary tumour
(synchronous) or at a later stage (metachronous).2e4 The
criteria for curative-intended surgery of colorectal cancer
liver metastases (CRCLM) have changed during recent
years. Currently, resectability is defined as the ability to

perform a complete (R0) resection for intra- and extrahepatic
disease (regardless of the extent of the tumour-free margin),
while preserving a sufficient future liver remnant (FLR).5

From a surgical point of view, patients with CRCLM can
be divided into three groups, namely readily resectable, those
that are unresectable at time of diagnosis, but with the poten-
tial to downstage or convert to resectable, and those that are
initially unresectable and unlikely to ever become resectable.

Thus, with the current resectability paradigm, irresect-
ability is defined as the inability to create a tumour-free
FLR because of combinations of the extent of segmental
tumour engagement, tumour engagement of structures
crucial for functioning of the FLR (arterial and portal sup-
ply; biliary and venous drainage) or insufficient volume of
the FLR.

* Corresponding author. Department of Upper Abdominal Surgery, Kar-
olinska University Hospital, 141 86 Stockholm, Sweden.

E-mail address: eduard.jonas@ki.se (E. Jonas).
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and CA in 7. In four patients local resections were per-
formed at the same time. In one patient the bulk of metasta-
tic disease in the right liver as assessed intra-operatively,
prompted a change in the management plan with clearance
of the left liver with MWA as an FLR, followed by a right-
sided hemi-hepatectomy as a second procedure. A detailed
description of chemotherapy treatment in the MWA and
control groups is presented in Table 3.

The median length of hospital stay associated with the
MWA intervention was 10 days (range 2e24). There was
no perioperative mortality. Twelve patients developed com-
plications, of which 7 were minor (Grade 1 ¼ 3; Grade
2 ¼ 4) according to the ClavieneDindo classification.12

Grade 3 complications were observed in 2 patients (one
case with multiple liver abscesses drained percutaneously
and treated with antibiotics and another with pleural effu-
sion treated by percutaneous drainage). Grade 4 complica-
tions occurred in 3 patients (respiratory problems treated by

non-invasive ventilation support, mainly associated with
complications from the colorectal surgery).

Treatment results of the MWA patients are shown in
Table 4. After a median follow-up of 25 months (range
9e54) 10 patients were alive. Median follow-up for the pa-
tients alive was 30 months (range 18e54). Five patients
were disease-free after a median follow-up of 41 months
(range 26e47). These 5 patients had a median disease
burden of 5 metastases (range 4e14). Seventeen patients
(85%) had recurrent hepatic disease in the form of new le-
sions. Five patients (25%) had recurrence at the site of pre-
vious ablations, all occurring in patients that also had new
metastases. A total of 11 patients (55%) developed extrahe-
patic recurrence, all except one in patients with hepatic
recurrence. Seven patients, including the patient with the
second stage right hemi-hepatectomy, subsequently under-
went resection for suspected hepatic recurrences (right
hemi-hepatectomy in 4, segmentectomy in 2 and one local
resection). In 3 of the 7 patients no tumour could be iden-
tified in the previously ablated hepatic specimen. Re-
ablation was performed in 5 patients.

The survival curves of the ablated patients compared
with the corresponding curves of the two historic cohorts
are detailed in Fig. 1. Resected and palliatively treated pa-
tients showed a 4-year survival of 70% and 4% respec-
tively, compared to a 41% 4-year survival in those
submitted to the MWA strategy. The log-rank test showed
a statistically significant survival benefit in the MWA group
compared to the group with palliative chemotherapy alone.
In an attempt to adjust for confounders when comparing the
outcome in these groups, a Cox proportional hazards model
was used. A univariate analysis was performed using treat-
ment modality, age, gender, radiological T-stage of the

Table 2
Treatment-related parameters in the MWA group.

Median (minemax)

Number of ablations 7 (4e22)
Operation time (min) 235 (112e475)
Length of hospital stay (days) 10 (2e24)

Relation of ablation to colorectal surgery n
Before 3
Simultaneously 12
After 5

Navigation n
Ultrasound 13
Computer-assisted 7

Table 3
Use of chemotherapy in the three treatment groups.

Chemotherapy MWA group
n ¼ 20

Resected group
n ¼ 36

Palliative group
n ¼ 32

Neo-adjuvantb Adjuvantb Neo-adjuvant Adjuvant Neo-adjuvant Adjuvant

Related to colorectal resection (n) 9 13 11 9 15 14
5-FU/Xeloda 0 0 3 5 5 3
Irinotecan/Oxaliplatin 3 6 3 4 7 7
Irinotecan/Oxaliplatin þ targeted 6 7 5 0 3 4
Regression/stable disease 8/1 NA 9/0 NA 7/1 NA

Related to liver intervention (n) 12 22 20 NA NA
5-FU/Xeloda 0 0 2 NA NA
Irinotecan/Oxaliplatin 5 9 7 NA NA
Irinotecan/Oxaliplatin þ targeted 7 13 11 NA NA
Regression/stable disease 11/1 NA 10/7 NA NA NA

Palliative chemotherapy a 12 10 32
5-FU/Xeloda 0 0 0
Irinotecan/Oxaliplatin 2 4 10
Irinotecan/Oxaliplatin þ targeted 10 6 22

NA ¼ not applicable.
a Administered after completion of colon or liver intervention-associated chemotherapy.
b In 12 patients the liver intervention was performed at the same time as surgery for the primary tumour.

1490 J. Engstrand et al. / EJSO 40 (2014) 1488e1493

primary tumour, maximum size of metastases, number of
metastases and synchronous versus metachronous disease
as possible predictors of survival. After the univariate anal-
ysis, the two predictors with the lowest p-values were kept
in the multivariate model. As presented in Table 5 it was
noted that in both univariate and multivariate analyses
only the treatment modality (MWA strategy vs. chemo-
therapy) was a significant predictor of survival. The propor-
tional hazards assumption was tested graphically and was
found to be valid.

Discussion

The allocation of patients with CRCLM to one of the
three treatment categories (readily resectable; unresectable
but with the potential to downstage or convert to resectable;
unresectable and unlikely to become resectable) simplifies
therapeutic decision-making in an increasingly complex
patient group. Whereas identifying primarily resectable pa-
tients according to the current treatment criteria is relatively
easy, following absolute resection criteria, assigning pa-
tients to either of the latter two of the three treatment
groups is more complicated, as decisions are based on rela-
tive contra-indications, leaving room for variations in indi-
vidual interpretation. In comparing different hepatobiliary
units, substantial differences are observed in the proportion
of patients allocated respectively to the latter two groups. It
can be argued that some of the patients in our study could
have been assessed as convertible to resectable using more
established combination modalities. Given the plausibility
of this argumentation the current practice may rather be a
reflection of the present reality in clinical practice, as em-
phasised in a recently published paper, where experts eval-
uating the same patients, had conflicting opinions on group
allocation and regarding the optimal treatment strategy.13

Some aspects and possible advantages of the described
strategy need to be discussed in the context of current treat-
ment strategies for the latter two treatment groups. For
potentially resectable tumour stages, liver resection should
still be regarded as the method of choice when compared to
LA.5 However, when it comes to treatment strategies, sur-
gery as the first interventional tumour-targeting strategy
may not necessarily be the most prudent. A disadvantage
of the resection approach, especially in patients with a
high risk for recurrence (multiple lesions, synchronously
detected disease, etc.) is that recurrence in the FLR, occur-
ring in up to 48% of patients, leaves the patient with fewer
options in terms of re-intervention.5,14e16 In cases where
the liver can be cleared of all visible tumour with LA and
adopting an ablate-and-wait strategy, all treatment options,
including resection and re-ablation, would be available in
the case of local recurrence or new lesions. The same prin-
ciple can be applied for creation of a macroscopically
tumour-free FLR by LA, where the FLR can be time-
tested before executing the planned surgery. In case of

Table 5
Results of Cox regression analysis comparing MWA vs. palliative group.

Univariate model Multivariate model

HR 95% CI p HR 95% CI p

MWA vs. palliation 0.63 0.43e0.91 p < 0.05 0.56 0.33e0.96 p < 0.05
Age 1.01 0.98e1.04 p ¼ 0.58
Gender 0.99 0.50e1.95 p ¼ 0.97
Radiological T-stage 1.33 0.75e2.35 p ¼ 0.33 1.29 0.77e2.27 p ¼ 0.39
Size of metastases 0.99 0.96e1.03 p ¼ 0.73
Number of metastases 0.99 0.92e1.07 p ¼ 0.88
Synchronous vs. metachronous detection 0.89 0.42e1.89 p ¼ 0.78

Table 4
Treatment results in the MWA group.

Alive
(n ¼ 10)

Deceased
(n ¼ 10)

Follow-up median (range) (months) 30 (18e54) 21 (9e31)
Disease-free 5 e

Recurrence patterns
Hepatic recurrence 8 10

Local recurrence 1 4
New metastases 8 9

Extrahepatic recurrence 3 8

Figure 1. The survival curves of the ablated patients compared with sur-
vival curves of two cohorts selected from all patients diagnosed with
CRC in Stockholm county in 2008. The numbers at risk after 36 months
in two of the groups are low, so the estimates must be regarded with
caution.
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In situ split (ALPPS) 
• Operation 1:

– division of liver 
parenchyma

– FLR - preservation of 
vascularity and biliary 
drainage

– Resectate - portal vein 
ligation, preservation of 
arterial supply and 
biliary/venous drainage

• Operation 2: 
– Resection
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Objective: The objective of this pilot study was to investigate the potential
for long-term overall survival (OS) after liver transplantation for colorectal
liver metastases (CLMs).
Background: Patients with nonresectable CLMs have poor prognosis, and
few survive beyond 5 years. CLMs are currently considered an absolute
contraindication for liver transplantation, although liver transplantation for
primary and some secondary liver malignancies shows excellent outcome in
selected patients. Before 1995, several liver transplantations for CLMs were
performed, but outcome was poor (5-year survival rate: 18%) and liver trans-
plantation for CLMs was abandoned. Since then, the survival rate after liver
transplantation in general has improved by almost 30%. On the basis of this,
a 5-year survival rate of about 50% after liver transplantation for CLMs could
be anticipated.
Methods: In a prospective pilot study, liver transplantation for nonresectable
CLMs was performed (n = 21). Main inclusion criteria were liver-only CLMs,
excised primary tumors, and at least 6 weeks of chemotherapy.
Results: Kaplan-Meier estimates of the OS rate at 1, 3, and 5 years were 95%,
68%, and 60%, respectively. Metastatic recurrence of disease was common
(mainly pulmonary). However, a significant proportion of the recurrences
were accessible for surgery, and at follow-up (after median of 27 months;
range, 8–60), 33% had no evidence of disease. Hepatic tumor load before
liver transplantation, time from primary surgery to liver transplantation, and
progressive disease on chemotherapy were identified as significant prognostic
factors.
Conclusions: OS exceeds by far reported outcome for chemotherapy, which
is the only treatment option available for this patient group. Furthermore, OS is
comparable with liver resection for resectable CLMs and survival after repeat
liver transplantation for nonmalignant diseases. Selection strategies based
on prognostic factors may further improve the outcome (ClinicalTrials.gov:
NCT01311453).
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C olorectal liver metastases (CLMs) are currently considered an
absolute contraindication for liver transplantation. This is in

notable contrast to the successful development of liver transplantation
as treatment of primary1,2 and some secondary liver malignancies.3,4

Colorectal carcinoma is one of the most frequent cancers in
Western societies. Approximately half of the patients develop metas-
tases, with liver and lung as primary metastatic sites. Surgical treat-
ment of metastases is the only measure with curative potential; how-
ever, the relapse rate after liver resection is high and 5-year overall
survival (OS) rate ranges from 30% to 58%.5–7 Many CLM patients
have nonresectable disease, which has poor prognosis, and few sur-
vive up to 5 years.8,9 Conceptually, liver transplantation is an attractive
treatment option for nonresectable CLMs, offering a R0 procedure
by replacing the liver. Before 1995, several liver transplantations for
CLMs were performed and reported to the European Liver Trans-
plant Registry. The 1- and 5-year survival rates were 62% and 18%,
respectively,10 but it should be kept in mind that the perioperative
mortality after liver transplantation then was about 30%.11 Because
of a high rate of tumor relapse, poor survival, and shortage of donor
livers, liver transplantation for CLMs was abandoned.12

During the last 20-year period, survival after liver transplanta-
tion has improved by 20% to 30%.13–15 Advances in imaging tech-
niques have facilitated patient selection by providing more accurate
diagnosis of extrahepatic disease. The introduction of mTOR (mam-
malian target of rapamycin) inhibitors in transplantation has offered
a class of adequate immunosuppressive agents with antineoplastic
properties.16–18 By combining these achievements, a 5-year OS rate
of about 50% after liver transplantation for CLMs could be antici-
pated.

Norway has a fortunate donor situation, and average waiting
time for liver transplantation is less than 1 month.15 Norway is also
a part of the committing collaboration for exchange of donor livers
in urgent cases through Scandiatransplant, and each year a substan-
tial number of donor livers are exported to other liver transplant
centers.15 Although the liver transplantation rate has increased con-
siderably over the last years, a surplus of donor livers has provided
an opportunity to explore liver transplantation for expanded indica-
tions such as treatment of malignant liver diseases. On the basis of
reasoning outlined earlier, we obtained an ethical and institutional
review board approval (S-05409 Regional Ethics Committee for a
clinical study to investigate the potential for long-term survival in
nonresectable CLM patients treated with liver transplantation (SECA
study, ClinicalTrials.gov: NCT01311453).

METHODS
Study Design and Procedures

The study was an open, prospective pilot study. Patients with
nonresectable CLMs were referred to Oslo University Hospital for
second opinion concerning resectability and assessed by a multidis-
ciplinary team consisting of hepatopancreatobiliary and transplant
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TABLE 1. Baseline Characteristics

Age at treatment, median (range), yr 56 (45–65)
Gender, n (%)
Male 13 (62)
Female 8 (38)
Tumor characteristics, primary tumor
Tumor location, n (%)

Colon 11 (52)
Rectum 10 (48)

TNM staging, n
pT2 2
pT3 16
ypT0 1 (Preradiation

stage: T4)
ypT3 2 (Preradiation

stage: T4)
N0 7
N1 7
N2 7

Cancer treatment before transplantation
Chemotherapy

Lines of chemotherapy received before liver
transplantation, n (%)

1 9 (43)
2 8 (38)
3 4 (19)

Chemotherapy received, n
Irinotecan 16
Oxaliplatin 18
Bevacizumab 8
Cetuximab 5

Preoperative chemoradiation 3 patients with
rectal cancer

Liver resections 4 patients (5
procedures)

Radio-frequency ablations 2 patients
Tumor characteristics, liver metastases
No. metastases,∗ median (range) 8 (4–40)

4 and 5 4
6–9 9
10–19 3
20–29 2
≥30 3

Diameter of largest metastasis,∗ median (range), cm 4.5 (2.8–13.0)
<5 12
5–10 5
>10 4

FCRS, n (%)
0–2 5 (24)
3–5 16 (76)
Time of liver metastases, n (%)
Metachronous 4 (19)
Synchronous 17 (81)

∗Largest number/diameter measured at CT scans before liver transplantation or
examination of explanted liver.

benefit (Fig. 2B). Elevated CEA levels pre–liver transplantation were
predictive of inferior survival; highest significance for cutoff values
was between 30 and 85 µg/L (Fig. 2C). OS after liver transplantation
was significantly lower for patients with PD at the time of liver trans-
plantation than for the patients with stable disease or partial response
to chemotherapy (Fig. 2D).

The presence of each of these 4 factors (maximal tumor di-
ameter above 5.5 cm, time from primary cancer surgery <2 years,
CEA levels >80µg/L, and PD at the time of liver transplantation)
for every patient was summed up. The number of factors for each

FIGURE 1. Overall survival after liver transplantation for metas-
tases from nonresectable CRC. The KM plot shows overall sur-
vival from the time of liver transplantation (red line). Stapled
lines shows 95% CI for the KM plot. Blue line shows DFS. All
deaths were due to the underlying cancer disease. No patients
were lost to follow-up.

patient was significantly associated with survival (P < 0.001, Cox
regression). Five patients had all 4 factors present, and these were 5
of the 6 patients deceased in this study (Fig. 2E).

Nodal status in the primary excised tumor preparation showed
trends toward stratification but was not statistically significant (data
not shown). The 4 patients who developed metachronous CLMs were
all alive with a median observational time of 4 years (range, 27–59
months). The number of liver metastases had no significant impact
on survival.

Recurrence of Disease
As expected, the recurrence rate was high. Altogether,

metastatic or local recurrence was diagnosed in 19 of 21 patients
after a median time of 6 months (range, 2–24 months) (Table 2).
Pulmonary-only metastases developed in 7 patients. Other sites of
recurrence (in addition to lungs), including the transplanted liver
(n = 7), skeleton (n = 5), ovarian or adrenal gland (n = 3), peri-
toneum (n = 1), and para-aortal lymph nodes (n = 2), were observed
in 9 patients. Two patients developed recurrence of the primary rectal
cancer. The numbers reflect all malignancies identified in the entire
observational period.

In 2 cases, liver metastases had histologically breached the liver
capsule and infiltrated the diaphragm at the time of liver transplanta-
tion. In 1 patient, this was not apprehended before crucial structures
were divided and hence liver transplantation was performed. In the
second patient, several frozen sections taken during surgery showed
negative results whereas the final histology showed tumor infiltration
of the musculature. These 2 patients had the shortest survival in the
study (6 and 15 months, respectively).

A significant proportion of recurrences after liver transplanta-
tion were accessible for surgical, radio-frequency, or radiation treat-
ment. In 8 patients, a total of 14 resections or radio-frequency ab-
lations of pulmonary lesions were performed. Seven patients (33%)
had no evidence of disease at the last follow-up, 4 received surgi-
cal treatment of metastatic disease, and 1 had undergone combined
chemoradiation and surgery for local recurrence of rectal cancer.
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