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Introduction

Liver transplantation (Lt) for malignant diseases is feasi-

ble and induces excellent outcome in selected patients. Lt

for malignant tumors comprises 14% of all Lt’s in the

European Liver Transplant Registry (ELTR) [1]. It is cur-

rently a treatment option for patients with primary carci-

nomas of the liver and liver metastases from endocrine

tumors. Types of primary liver carcinomas eligible for

transplantation include hepatocellular carcinoma (HCC),

cholangiocarcinoma (CCA), hepatoblastoma, and heman-

gioendothelioma [2–4]. The most common secondary

carcinomas that are considered for Lt include metastases

from carcinoid tumors, neuroendocrine tumors and gas-

trinomas [2].

Lt for HCC within Milan- and the Up to Seven criteria

show excellent short- and long term patient survival

[4,5]. In recent studies of Lt for HCC even better results

can be obtained in patients receiving immunosuppression

containing the antiproliferative agent sirolimus [6,7]. In

patients transplanted for cholangiocarcinoma using a

multimodal approach with neoadjuvant radiation and

chemotherapy a 5-year overall survival above 80% can be

achieved in selected patients, compared to a correspond-

ing 21% 5-year survival after liver resection [8].

Prior to 1995 several Lts for colorectal liver metastases

were performed. However, the outcome of these trans-

plantations were considered as poor and consequently, Lt

for tumors of colorectal origin was abandoned. The aim

of this paper is to review the past experience of Lt for
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Summary

Liver transplantation (Lt) for colorectal cancer (CRC) liver metastases is no

more considered due to the poor outcome observed up to the 1990s. Accord-

ing to the European Liver Transplant Registry (ELTR), 1- and 5-year patient

survival following Lt for CRC liver metastases performed prior to 1995 was

62% and 18%, respectively. However, 44% of graft loss or patient deaths were

not related to tumor recurrence. Over the last 20 years there has been dramatic

progress in patient survival after Lt, thus it could be anticipated that survival

after Lt for CRC secondaries today would exceed from far, the outcome of the

past experience. By utilizing new imaging techniques for proper patient selec-

tion, modern chemotherapy and aggressive multimodal treatment against

metastases, long term survivors and even cure could be expected. Preliminary

data from a pilot study show an overall survival rate of 94% after a median fol-

low up of 25 months. While long term survival after the first Lt is 80% all

indications confounded, 5-year survival after repeat Lt is no more than 50% to

55%. If patients transplanted for CRC secondaries can reach the latter survival

rate, it could be difficult to discriminate them in the liver allocation system

and live donation could be an option.
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colorectal liver metastases and to address some issues that

could possibly improve the results. Some preliminary data

from an ongoing pilot study on Lt for colorectal second-

aries are also included.

Colorectal cancer

Colorectal carcinoma (CRC) is one of the most frequent

cancers in western societies. The incidence is 700 per mil-

lion people (pmp). About half of the patients develop

metastases from the primary tumor and liver is the pri-

mary metastatic site. Median survival for patients with

untreated metastatic CRC is roughly 6 months [9]. The

median survival for patients treated with 5-FU-, irinotecan

and oxaliplatin containing regimens is about 20 months

[10]. Antibodies against VEGF (bevacizumab) combined

with 5-FU/irinotecan have shown increased response rate,

prolonged time to progression and improved survival

[11]. Cetuximab and panitumumab (EGFR antibody)

provides increased response rates in patients with K-ras

wild type tumors [12,13]. However, only about 10% of

patients with metastatic CRC survive beyond 5 years [14].

Approximately one out of 10 patients with metastatic

CRC exhibits metastases solely to the liver [15]. At pres-

ent, the only curative treatment in patients with meta-

static CRC is surgery of metastases, however, only a small

subgroup (10–15%) of patients is eligible for this treat-

ment. The majority of patients who undergo liver resec-

tion for metastases will experience relapse of the disease

either intrahepatic and/or extrahepatic. Still, 5-year sur-

vival rates following radical liver resection range between

25% and 55% compared with 5–10% for non-operated

patients [16].

Past experience of liver transplantation for CRC
liver metastases

Prior to 1983, when Lt was considered as an experimental

procedure, liver metastases as indication for Lt were not

rare, but the results were disappointing [17–20]. In the

European Liver Transplant Registry (ELTR) 58 secondary

liver tumors of CRC origin have been registered as the

primary indication for Lt by 2007 [1]. The vast majority

of these procedures were performed before 1995 (n = 50)

and ELTR has reported a 1- and 5-year survival of 62%

and 18%, respectively [2]. Of the 50 reported patients

nine survived beyond 5 years and two had no tumor

recurrence at 9 and 21 years post transplantation. In 44%

of cases, graft loss was not related to tumor recurrence.

The largest historical series on Lt in CRC liver metasta-

ses originates from Vienna, which include 25 patients

transplanted from 1983 to 1994 [2,21–23]. Eleven of these

patients were histologically lymph node negative at the

time when the primary tumor was excised. Nine of these

were eligible for examination of micrometastatic disease

using mutant allele-specific amplification (MASA) of p53

or K-ras mutations. MASA revealed six of nine node neg-

ative patients to be positive for micrometastases by this

technique. Three patients were negative by both histologi-

cal and micrometastatic examinations and these patients

showed a significantly longer overall survival than others;

4, 5, and 20 years, respectively (P = 0.011) [23].

The past experiences of Lt for CRC metastases induced

long-term survivors and even cure in some patients. Such

a result is actually not surprising since R0 liver resection

for CRC liver metastases can induce over 50% 5-year sur-

vival. Lt for non-resectable liver only metastases is per

definition a R0 surgical procedure since all macroscopic

tumor tissue is excised. The past experiences of Lt for

CRC liver metastases were, from an oncological perspec-

tive quite acceptable. However, from the Lt perspective

(in light of organ shortage) the outcome was considered

poor and inferior compared to other indications for Lt.

Consequently, Lt for CRC liver metastases stopped and is

currently regarded as an absolute contraindication for Lt.

Rationale for revisiting the concept

Survival following liver

When reviewing and analyzing the past data on Lt for

CRC liver metastases (1983–1994), we should keep in

mind that the overall survival following Lt has dramati-

cally improved over the last 20 years. In the time period

1983–1994 ELTR showed a 1- and 5-years overall survival

of 65% and 56%, respectively. In the Norwegian Liver

Transplant Registry and Nordic Liver Transplant Registry

(NLTR) 1- and 5-years overall survival was 64%/71% and

53%/61%, respectively [24]. These data are in concor-

dance with survival data from the UNOS Liver Transplant

Registry at that time [25]. At present, 1- and 5-years sur-

vival in ELTR are 85% and 74% years, respectively and in

Norway and the NLTR it is 92%/89% and 81%/78%.

Included in these numbers are patients transplanted for

acute fulminant hepatic failure, advanced liver cirrhosis

and patients with malignant tumors. Potential Lt candi-

dates with CRC liver metastases are technically easier to

operate than cirrhotic patients due to absence of portal

hypertension and other complications of cirrhosis. Thus,

these patients are to bee considered low-risk with respect

to the surgical procedure and the perioperative mortality

should be minimal although the procedure is extensive.

Consequently, merely based on the better expertise of

transplant surgeons and improved survival rates in Lt

over the last 20 years, the outcome for patients trans-

planted for CRC metastases could be improved signifi-

cantly, compared to the past experiences.
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Patient selection

Impressive progress has been made in tumor diagnosis

and management. Conventional imaging has been

replaced or added by several new techniques. Spiral- and

multidetector CT, MRI and gadolinium-enhanced MRI,

PET/CT scan and contrast enhanced US (CEUS) are some

of the new available tools for detection of intra- and

extrahepatic metastases and thus improved patient selec-

tion, avoiding candidates with macroscopic spread of can-

cer. Two or more non-invasive imaging modalities are

often combined to establish a definite diagnosis, e.g. US

and CT angiography are regularly accepted as definite

diagnosis of HCC in the liver [26]. Modern imaging can

accurately detect and differentiate very small lesions and

lymph nodes. Guided cytology diagnosis has improved

radically by the use of modern US technique and minimal

invasive surgery can very precisely map an area for metas-

tases and extension of tumors. The wide use of these

modalities has certainly increased the rate of preoperative

identification of metastases, often missed earlier. This has

resulted in a better patient selection and consequently in

a better survival after liver surgery. Therefore, it is very

likely that the same benefit could be obtained for poten-

tial transplant candidates. Excluding patients who in the

past had unknown extrahepatic disease and selecting

those who have only localized liver disease, would with-

out doubts positively impact the post-transplant survival.

Several factors such as primary nodal status, tumor load,

increased CEA and CA 19-9, liver only metastases and che-

motherapy response have been identified as independent

parameters influencing the prognosis of metastatic CRC.

Prognostic factors determined pre- and post liver resection

have been systematized in nomograms [27]. These nomo-

grams could certainly contribute to refine the selection of

good transplant candidates. Studies have shown that prolif-

eration markers such as p53 expression, tritiated thymidine

uptake, thymidylate synthase, Ki-67, K-ras, and human tel-

omerase reverse transcriptase may be useful predictors of

outcome after resection of hepatic CRC metastases [28,29].

Recently it has been shown that the type, density and loca-

tion of immune cells infiltrating the tumor are a prognostic

factors in metastatic CRC, and that these prognostic factors

might be superior to the TNM staging system [30,31].

These prognostic factors may probably play an important

role in the selection process by early identification and

exclusion of patients with poor prognosis from the outset.

The efficacy of aggressive surgical treatment of CRC

metastases

Due to the inherent complexity and disparity of cancer

biology, cure from cancer is often difficult to achieve.

Therefore, efforts are made to restrain the cancer,

improve palliation and to attain extra quality-adjusted

life-years by aggressive treatment of metastases [32]. It

has been shown that surgical treatment of extrahepatic

metastases can prolong survival [33–36]. Low morbidity

and mortality rates after surgical interventions for metas-

tases, contrasting with modest effect of other therapeutic

options, justify aggressive surgical management. Over the

last 20 years radiofrequency ablation (RFA) and different

kinds of direct tumor embolization techniques (TACE,

PEI) have been introduced. In CRC patients lung metas-

tases treated with resection and/or radiofrequency abla-

tion have shown a 5-year overall survival of 34–58%

[37,38]. Single deposits, disease free interval above

36 months and normal prethoracotomy serum CEA have

been identified as significant independent prognostic

factors [39].

Even when initially unresectable, liver metastases could

be downsized by effective chemotherapy and be switched

to rescue surgery with a hope of long term survival and

even of cure [40,41]. Repeat curative intent surgery (CIS)

for recurrent CRC liver metastasis can be performed with

low morbidity and mortality. Patients with no extrahe-

patic disease are best candidates for repeat CIS. In these

patients, repeat CIS can offer a chance of long-term sur-

vival [42]. Thus, it seems that aggressive surgical and

other interventional treatments of CRC metastases are

able to induce significant life extension in these patients.

Similar line of action could also be applied in trans-

planted patients.

Immunosuppression and chemotherapy

Lt requires lifelong immunosuppression to prevent allo-

graft rejection. Traditional immunosuppressive protocols,

containing drugs without antiproliferative properties tar-

geting micrometastases post-transplant might accelerate

the malignant disease. The immunosuppressive drug,

rapamycin has shown a significant anti angiogenic effect

in addition to a direct inhibitory effect on tumor growth

and proliferation by blocking the intracellular pathway

complex mTOR [43]. mTOR inhibitors have shown clini-

cal effect and objective radiological responses and stabil-

ization of disease in different types of cancer, such as

advanced breast and renal cancer that has previously pro-

gressed on other treatments [44]. Inhibitor of mTOR

(temsirolimus) has shown increased survival in high-risk

metastatic renal cell carcinoma patients compared to pre-

vious interferon standard treatment [45]. Accordingly,

mTOR inhibitors are effective anti-cancer drugs in addi-

tion to their immunosuppressive effects. This supports

the use of rapamycin for patients with cancer after

transplantation. Rapamycin was not in regular use as
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immunosuppressive drug at the time of the early experi-

ences of Lt for CRC liver metastases and could potentially

benefit these patients.

Interestingly, most chemotherapeutic agents are cyto-

toxic in action and probably inhibit T-cell proliferation

and can thus act as anti-rejectors in transplanted patients.

In the early days of transplantation the anti-cancer drugs

cyclophosphamide and azathioprine were used as immu-

nosuppressive agents following allotransplantation [46].

Notably, it has been shown that regulatory T cells (T

regs) appear more frequent in peripheral blood lympho-

cytes of cancer patients than healthy controls [47]. Coin-

cident, it is suspected that elevated levels of T-regs is a

prerequisite for allograft tolerance [48]. The role of regu-

latory T-cells in making tumor escape the immune system

by inducing a tumor-specific local immune tolerance is

under investigation with the aim of identifying down-

stream cell-signaling pathways involved in T-reg and

T-effector cell function. Src-, PI3-, MEK and p38-kinase

inhibitors are now under development for treatment of

different malignancies and could probably prevent rejec-

tion and also reduce risk of recurrent disease in the

patients transplanted for CRC liver metastases.

Further knowledge in this field would also have impli-

cations for patients with de novo cancer following allo-

transplantation.

Patient survival in a pilot study of Lt for CRC liver
metastases (preliminary data)

Initiating a study on Lt for a disease which is considered

as an absolute contraindication for transplantation raise a

large number of questions regarding organ allocation,

efficacy, cost-effectiveness and more. Norway has one

transplantation center (Oslo University Hospital-Rikshos-

pitalet) serving a population of 4.8 mill. people. The

annual Lt rate is 17 pmp and the available number of

deceased donor livers is 25 pmp (splits included). The

surplus of donor organs provides an opportunity to

explore liver transplantation for extended criteria indica-

tions such as treatment of malignant liver diseases.

In 2006 we acquired ethical approval (S-05409 Regional

Ethics Committee, Helse Sor-Ost, Norway) for a clinical

pilot study to investigate Lt for treatment in selected CRC

patients with non-resectable liver metastases, using the

mTOR inhibitor Rapamune� as standard immunosuppres-

sion from postoperative day 1 (SECA-study). The primary

aim of the study was, in light of improved outcome of Lt

and mTOR inhibitor as immunosuppression, to re-evalu-

ate the potential of survival in CRC patients with liver only

metastases and furthermore, determine quality of life

(QoL) following the procedure. Major eligibility criteria in

the study were: primary R0 colorectal surgery; one or more

chemotherapies for metastatic disease; non-rescerctable

liver metatstases; no extrahepatic disease and good general

condition as determined by a ECOG 0–1 score. Since

November 2006, 16 patients have been transplanted in the

study. Two-thirds had received two or three lines of che-

motherapy prior to transplantation. The median follow up

is 25 months (range, 3–38) and patient survival of January

2009 is 94% (Fig. 1). However, the recurrence rate is still

high. Ten of the 16 patients (63%) have been treated for

recurrent disease and at present, 6 of 15 patients (40%)

have no evidence of disease. Post-transplant QOL is excel-

lent measured by EORTC-C30 questionnaires [49]. Identi-

fication of variables predicting outcome are not yet

available after preliminary analysis of this small patient

cohort.

From an oncology perspective the initial data from the

SECA-study could be interpreted as promising, however,

it is obvious that refinement is needed, especially con-

cerning patient selection.

Health care professionals have had concerns about

costs of the study. In a recent meta-analysis mean cost of

liver transplantation in OECD countries has been esti-

mated to US$103.548 [50]. Estimated cost per life year

gained by adding bevacizumab to standard first line treat-

ment with irinotecan or oxaliplatin based chemotherapy

has been calculated to �US$ 121.000 [51]. Estimated

costs per life year gained for treatment with cetux-

imab+irinotecan has shown to be �US$ 124.000 [52].

Perspective

Preliminary survival data of the SECA study indicate that

Lt is feasible in selected patients with unresectable liver
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Figure 1 Lt for CRC liver metastases performed before 1995 show a

1- and 5-year survival of 62% and 18%, respectively (n = 50). In the

SECA study patient survival is 94% with a median follow-up of

25 months (n = 16).
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metastases from CRC. The procedure is safe, the periop-

erative mortality is nil and post-transplant QOL is excel-

lent. As expected, overall patient survival is superior to

the previous experiences on Lt for CRC liver metastases

registered in ELTR (Fig. 1). However, the recurrence rate

is still high requiring better patient selection and

improved perioperative treatment.

Due to organ shortage there has been an international

consensus that patient survival after Lt for malignancy

should be at the same level as for non-malignant diseases

[53]. In this perspective, it is of interest to review out-

comes of repeat Lt for ordinary indications, since patients

who need retransplantation are universally accepted

according to MELD score on equal basis as first trans-

plant recipients, both in European and American organ

allocation systems. In the NLTR repeat Lt shows a 5-year

survival of 55% [54]. In ELTR it is 56% and in the

UNOS database it is currently 54.7% [55,56]. For specific

diagnosis such as repeat Lt for HCV long term survival of

less than 50% has been shown [57,58]. Consequently, if

patients with CRC liver only metastases by selection can

exhibit a 5-year survival rate of 50%, it would be difficult

to discriminate this patient group in the liver allocation

systems.

For ordinary indications 1- and -5 year survival after

the first Lt is reaching 90% and 80%, respectively and the

majority of patients can return to normal life activities

following the procedure. In a situation where the limiting

factor for treatment is organ shortage it is an understand-

able restrain in revisiting an indication for Lt which prob-

ably not will reach the success as seen for ordinary

indications. Also, there is restrain due to the allegory that

immunosuppressive drugs result in explosive cancer

growth as well as concerns about costs. Therefore, in the

pursuit to revisit the concept of Lt for colorectal liver

only metastases, several major end points must be ful-

filled. Lt in these patients must be cost-effective, patient

survival and QoL must be better compared to chemother-

apy and secondly 5 year survival should reach 50%.

To try to meet these obligations, we are currently pre-

paring for a randomized controlled trial (RCT), Lt versus

best available chemotherapy (SECA2 study). Based on

data from the SECA-study and the large number of back-

ground data on survival following chemotherapy the

assumption is that 3-year survival of the Lt group and

chemotherapy group is 70% and 30%, respectively.

Evidently, to establish new indications for Lt in the

presence of organ shortage will add to the existing donor

problem. A potential donor source that is not fully uti-

lized is donation after cardiac death (DCD). In Norway, a

controlled DCD program is ready to be launched. After

the early series of live liver donation, morbidity and mor-

tality for the donor have persistently declined and the

complication rate is low. For example is donor complica-

tion rate following left lateral liver resection reported to

be at the level of live kidney donation which is routinely

performed [59]. The liver-body mass ratio needed for

successful Lt has also decreased and several reports docu-

ment excellent outcomes by providing the recipient with

a partial liver graft of 0.8% of body weight (GRWR) and

even 0.6% [60]. Patients with liver malignancy who are

candidates for Lt have normal liver function and presum-

ably less demand for liver tissue, however there are con-

cerns about liver regeneration and malignancy.

Dramatic progress in survival after Lt over the last

20 years alone, implicate that survival after Lt for CRC

secondaries could be radically improved compared to the

past experiences and probably induce survival far superior

than modern chemotherapy. By utilizing new tools for

preoperative patient selection, modern operative tech-

niques for Lt and aggressive attitude against metastases,

long term survivors and even cure could be expected.

Funding

Part of this work is funded by South-Eastern Norway

Regional Health Authority

Acknowledgement

The authors thank the European Liver and Intestine

Transplant Association, European Liver Transplant Regis-

try, Steering Committee of the SECA-study, Prof. Bo-Go-

ran Ericzon, Prof. Ole Korsgren, Prof. Halvdan Sorbye,

Dr. Einar Martin Aandahl, Dr. Morten Hagness, Dr. Ma-

rit Andersen, Dr. Kai Hansen.

References

1. European Liver Transplant Registry. Data Analysis Booklet.

Paris: 2007: http://www.eltr.org.

2. Hoti E, Adam R. Liver transplantation for primary and

metastatic liver cancers. Transpl Int 2008; 12: 1107.

3. Rea DJ, Rosen CB, Nagorney DM, Heimbach JK, Gores

GJ. Transplantation for cholangiocarcinoma: when and for

whom? Surg Oncol Clin N Am 2009; 2: 325.

4. Onaca N, Davis GL, Goldstein RM, Jennings LW, Klint-

malm GB. Expanded criteria for liver transplantation in

patients with hepatocellular carcinoma: a report from the

International Registry of Hepatic Tumors in Liver Trans-

plantation. Liver Transpl 2007; 3: 391.

5. Mazzaferro V, Llovet JM, Miceli R, et al. Metroticket

Investigator Study Group. Predicting survival after liver

transplantation in patients with hepatocellular carcinoma

beyond the Milan criteria: a retrospective, exploratory

analysis. Lancet Oncol 2009; 1: 35.

Foss et al. Liver transplantation for colorectal liver metastases

ª 2010 The Authors

Journal compilation ª 2010 European Society for Organ Transplantation 23 (2010) 679–685 683

 14322277, 2010, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/j.1432-2277.2010.01097.x by T

est, W
iley O

nline L
ibrary on [21/01/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



6. Zimmerman MA, Trotter JF, Wachs M, et al. Sirolimus-

based immunosuppression following liver transplantation

for hepatocellular carcinoma. Liver Transpl 2008; 5: 633.

7. Toso C, Meeberg GA, Bigam DL, et al. De novo sirolimus-

based immunosuppression after liver transplantation for

hepatocellular carcinoma: long-term outcomes and side

effects. Transplantation 2007; 83: 1162.

8. Rea DJ, Heimbach JK, Rosen CB, et al. Liver transplanta-

tion with neoadjuvant chemoradiation is more effective

than resection for hilar cholangiocarcinoma. Ann Surg

2005; 3: 451.

9. Simmonds PC, Primrose JN, Colquitt JL, Garden OJ,

Poston GJ, Rees M. Surgical resection of hepatic metasta-

ses from colorectal cancer: a systematic review of published

studies. Br J Cancer 2006; 7: 982.

10. Tournigand C, Andre T, Achille E, et al. FOLFIRI followed

by FOLFOX6 or the reverse sequence in advanced CRC: a

randomized GERCOR study. J Clin Oncol 2004; 2: 229.

11. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bev-

acizumab plus irinotecan, fluorouracil, and leucovorin for

metastatic CRC. N Engl J Med 2004; 23: 2335.
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