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ABSTRACT

Colorectal cancer is the third most commonly diagnosed cancer with approx-
imately half of the patients developing liver metastases during the course of their disease.
Modern multimodal therapies have improved the overall survival. Liver resection remains
the most important modality in the treatment of colorectal liver metastases. The evolution
of the criteria for resectability has resulted in more patients being offered a hepatectomy.
This is further augmented with the utilization of adjuncts to liver resection, including
portal vein embolization and local ablative techniques. Two-stage hepatectomy is also
being used to increase resectability. Overall survival is improved by the deployment of new
chemotherapeutic agents and the use of combination chemotherapy. Neoadjuvant chemo-
therapy is a promising development in the treatment of colorectal liver metastases. Patients
with colorectal liver metastases can achieve long-term survival. A multidisciplinary
approach is essential in the management of these patients.
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Objectives: On completion of this article the reader should be able to summarize the surgical management of colorectal liver

metastases.

Colorectal cancer is the third most commonly
diagnosed cancer. There are one million new cases of
colorectal cancer annually in both males and females
worldwide.1 Approximately 50% of patients diagnosed
with colorectal cancer will develop liver metastases over
the course of their disease.2

OUTCOMES
The natural history of untreated colorectal liver meta-
stases is well documented. Outcomes for untreated
disease are dismal. The median survival is in the order
of 6 to 9 months. The 5-year survival ranges between 0
to 3%.3–5

Outcomes are improved with resection. Surgery
alone does offer a cure in a subset of patients.6 The use of
chemotherapy as an adjunct to liver resection has resulted
in a 5-year survival in the range of 37 to 58%.7–9 Ten-year
survival is reported to be between 16 to 30%.8,10,11

PROGNOSTIC FACTORS AND CLINICAL
RISK SCORES
Several prognostic factors have been reported to be
associated with worse outcomes. Extrahepatic disease,
extrahepatic lymph node involvement, satellite config-
uration of multiple metastases and initial detection of
abnormal liver enzymes were originally reported to be

1Liver and Pancreas Unit, The Ottawa Hospital, University of Ottawa,
Ottawa, Ontario, Canada.

Address for correspondence and reprint requests: Fady K. Balaa,
M.D., Liver and Pancreas Unit, The Ottawa Hospital, University of
Ottawa, 737 Parkdale Ave., Ste. 305, Ottawa, Ontario, Canada K1Y
1J8 (e-mail: fbalaa@toh.on.ca).

Colorectal Cancer; Guest Editor, Robin P. Boushey, M.D., Ph.D.
Clin Colon Rectal Surg 2009;22:225–232. Copyright # 2009 by

Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York, NY
10001, USA. Tel: +1(212) 584-4662.
DOI 10.1055/s-0029-1242462. ISSN 1531-0043.

225



predictors of worse survival.12 Later, Nordlinger et al
proposed a clinical risk score that divided patients into
three risk groups.13 They found age, size of the largest
primary, carcinoembryonic antigen (CEA) level, stage of
the primary tumor, disease-free interval, number of liver
nodules, and resection margins to impact 5-year survival.
More recently, Fong et al7 proposed a clinical risk score,
which is shown in Table 1. It is important to note that
clinical risk scores are prognostic tools and they should
not be used to deny patients a surgical resection.

IMAGING COLORECTAL LIVER
METASTASES
Imaging plays a key role in patient evaluation and in
preoperative selection. The modalities currently available
for patient assessment include ultrasonography (US),
computed tomography (CT), magnetic resonance imag-
ing (MRI), 18-fluorodeoxyglucose positron emission
tomography (FDG PET), and integrated PET-CT.

Abdominal US is a noninvasive, low-cost, and
readily available modality for diagnosing colorectal liver
metastases. However, it is operator dependent and the
sensitivity may be related to the patient’s body habitus.
The use of duplex US can define lesion(s) proximity to
the vascular structures. Contrast US is a new technique,
which is still not widely adopted, but shows some
promise.

Currently, CT is the preferred modality in the
assessment of colorectal liver metastases. The detection
rate of hepatic metastases varies between 68 to 91% (70%
detection for lesions >1 cm). However, the sensitivity
and specificity of CT of the liver will vary with the
equipment and the contrast enhancement techniques
used.14

In patients with iodinated contrast sensitivity or
severe fatty steatosis, gadolinium-enhanced MRI is the
best diagnostic alternative. Most comparative studies
have shown that MR imaging is not superior to CT in
the evaluation of colorectal liver metastases. MRI can be
useful in detection and characterization of small liver
metastases, especially in distinguishing small metastases
from small cysts.15

A recent meta-analysis revealed that FDG PET
had significantly higher sensitivity on a per patient basis,

compared with CT and MRI.16 In a study by Ruers et al,
the use of PET as a complementary staging method
altered the management radically in 20% of patients.17 It
is important to note that exact localization and demar-
cation of lesions with PET is hindered by its relatively
low spatial resolution and lack of anatomic reference.18

The fusion of PET (accurate tumor detection) and CT
(anatomic reference) as PET-CT has provided the
theoretical benefit of both. The final role of PET in
the evaluation of patients with colorectal liver metastasis
is yet to be defined.

INTRAOPERATIVE ULTRASOUND
Intraoperative ultrasound (IOUS) has proven to be a
valuable tool in the evaluation of patients with colorectal
liver metastases. IOUS has a sensitivity of 98% and
can detect lesions as small as 5 mm.19 Modification of
surgical management secondary to the use of IOUS is
reported to be between 17 to 44%.20–22 This is even seen
in patients who had a preoperative PET-CT evaluation.
The routine use of IOUS in all patients undergoing
hepatectomy for metastatic colorectal cancer is now
considered the standard of care.

In addition to detection of metastases, IOUS can
identify anatomy and vascular structures leading the way
to a safer and more precise liver resection (Fig. 1).

LAPAROSCOPIC STAGING IN
COLORECTAL LIVER METASTASES
Proper selection of surgical candidates is mandatory to
optimize benefits and minimize risks. Laparoscopic

Table 1 Clinical Risk Score

Nodal status of the primary disease-free interval from the

discovery of the primary to the discovery of the liver metastases

of <12 months

Number of tumors >1

Preoperative CEA level of >200 ng/mL

Size of the largest tumors >5 cm

Each positive criterion is assigned one point. 5-year survival is 60%
with score of 0 points, and falls to 14% in patients with 5 points.
CEA, carcinoembryonic antigen.

Figure 1 Intraoperative ultrasound scan shows the proxi-

mity of a colorectal metastasis (black arrowhead) to the

middle hepatic vein (white arrowhead).

226 CLINICS IN COLON AND RECTAL SURGERY/VOLUME 22, NUMBER 4 2009



staging has been used to help with patient selection;
however, there is no clear consensus in the literature
about its use. In a study, which evaluated diagnostic
laparoscopy and laparoscopic ultrasound, factors pre-
cluding curative resection were identified in 21% of
patients.23 This averted unnecessary laparotomy in those
patients, but at a cost of 4% adverse events. In a larger
review,24 where 199 patients with colorectal liver meta-
stases were evaluated, the yield of laparoscopy for un-
resectability was 10%. Mortensen et al25 reported a
similar outcome. In their series, only 9% of patients
were identified as unresectable secondary to use of
laparoscopy and laparoscopic ultrasound. Therefore,
the routine use of diagnostic laparoscopy or laparoscopic
ultrasound remains unwarranted.

RESECTABILITY OF COLORECTAL LIVER
METASTASES
Surgery remains the gold standard in the treatment of
colorectal liver metastases. All patients should be as-
sessed for a resection.

The criteria for resectability have evolved
over time. In 1986, Ekberg et al defined resectability
as less than four metastases (even if bilobar), absence
of extrahepatic disease, and a resection margin of at
least 1 cm. They recommended that resection should
not be performed unless all these criteria are met.26

Others have followed their footsteps. Recommenda-
tions for best outcomes include resection of metastases
only from colorectal primary, absence of comorbidities,
absence of extrahepatic disease, three or less metasta-
ses, and complete resections (i.e., margin free).2

Later, unresectability was defined in relation to size
of tumor, poor location, multinodularity, and extra-
hepatic disease.27 The criteria were then further
liberalized. Figueras et al28 reported on expanded
criteria based only on complete and macroscopically
curative resection.

Currently, a paradigm shift is taking place in
the definition of resectability of colorectal liver
metastases. Previously, patients had to meet specific
inclusion criteria to be considered resectable. Today,
resections are based on the remnant liver. A sufficient
future remnant liver volume (>20% of the total
estimated liver volume) is a prerequisite. This is in
addition to maintaining vascular inflow and outflow,
as well as biliary drainage. The resection should lead
to a macroscopic and microscopic treatment of the
disease.29

As such contraindications to liver resection would
include uncontrollable extrahepatic disease such as non-
treatable primary tumor, widespread pulmonary disease,
peritoneal disease, extensive nodal disease, such as retro-
peritoneal or mediastinal nodes and bone or central
nervous system (CNS) metastases.14

TECHNIQUES TO INCREASE
RESECTABILITY IN COLORECTAL LIVER
METASTASES
Several techniques are used to improve resectability in
patients who fail to meet resection criteria. These
include portal vein occlusion, local ablation techni-
ques, and two-stage hepatectomy. The use of down-
staging chemotherapy will be discussed separately.
These techniques can be used in isolation, but are
more effective when considered in a multimodality
approach.

Portal Vein Occlusion

Portal vein occlusion can be achieved by means of portal
vein embolization (PVE) or ligation. The goal is to
produce atrophy of the affected lobe and hypertrophy
of the contralateral side, thus increasing the size of the
future remnant liver volume (FRLV). A 20% FRLV is
required for patients with normal underlying liver. In the
presence of liver injury secondary to steatosis or steato-
hepatitis, 30% FRLV is required. In cirrhotic livers, 40%
FRLV is the minimum requirement.

The mechanism of hypertrophy is related to
hemodynamic changes following PVE. A variety of
conditions have been shown to inhibit regeneration.
These include biliary obstruction, diabetes, chronic
ethanol consumption, malnutrition, gender, aging, and
infection.30

Local Ablation Techniques

Different techniques for local ablation have been devel-
oped in recent years. Combining local ablation to hepatic
resection has increased resectability. Thermal techniques
using radiofrequency ablation (RFA) are the most com-
monly used methods. Other thermal ablative techniques
include cryotherapy, laser interstitial thermotherapy,
microwave coagulation therapy, hot saline injection,
and high-intensity focused ultrasound.

In RFA, an alternating current (460 kHz) is
applied via electrode(s) implanted into the center of
the metastases under ultrasound guidance. The current
raises the temperature within the cells. This leads to cell
destruction and the formation of a zone of coagulative
necrosis around the electrode. RFA can be applied
percutaneously, laparoscopically, or during open surgery.

RFA should be restricted to tumors less then 5 cm
in diameter, and preferably to lesions smaller than 3 cm
in diameter.31

In a retrospective report of 117 patients with 179
metachronous metastases, local recurrence developed in
39% of the treated lesions and was related to lesion
size.32 Local recurrence rates for lesions of diameter
�2.5, 2.6 to 4.0, or �4.1 cm were 22, 53, and 68%,
respectively.
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Two-Stage Hepatectomy

In a subset of patients, complete resection cannot be
achieved even after the use of downstaging chemother-
apy, PVE, and/or local ablation techniques. In this group
of patients, complete resection may be achievable with a
two-stage hepatectomy.

The procedure is performed with an overall cu-
rative intent. The initial stage of the hepatic resection is
intended to remove the highest possible number of
metastases. The remnant liver hypertrophies and sys-
temic chemotherapy limits the growth and spread of the
remaining tumor deposits. The second hepatectomy is
performed if it is potentially curative, in the absence of
significant tumor progression, and when adequate pa-
renchymal hypertrophy has reduced the risk of post-
operative liver failure.27,33

SYNCHRONOUS METASTASES
AND TIMING OF RESECTION
Synchronous metastases are defined as metastases that
present within a year of the primary tumor. The timing
of hepatic resections in patients with synchronous color-
ectal liver metastases remains controversial. However,
there is increasing support in recent literature for simul-
taneous resections.

Chau et al34 reported their experience at the
Mayo Clinic (Rochester, MN). In a retrospective review
of 96 patients, 64 patients underwent a simultaneous
resection. The remaining 32 patients had staged colonic
and hepatic resections. No significant differences were
observed between the two groups. The study concluded
that simultaneous colectomy and hepatectomy is safe
and more efficient than staged resection, and should be
the procedure of choice where the expertise is available.

This finding was similar to the experience at
Memorial Sloan-Kettering Cancer Center (New York,
NY).35 Two-hundred forty patients were treated surgi-
cally for colon cancer and synchronous hepatic metasta-
ses. Of those, 134 patients underwent simultaneous
colectomy and hepatectomy. Perioperative mortality
was found to be similar and overall complications were
less in the simultaneous resection group. This was
achieved by avoiding a second laparotomy. In this study,
simultaneous resections were deemed to be safe and
efficient.

The need for a major hepatectomy (involving
three or more segments36,37) used to be a contraindica-
tion for a simultaneous resection. However, this concept
has been challenged recently.38 Short-term outcomes for
simultaneous resection involving a major hepatectomy
are similar to the outcomes of patients with two-stage
resections.

It is important to note that certain clinical pre-
sentations may dictate the approach to synchronous
disease. Patients who present with obstruction, perfo-

ration, and bleeding should receive immediate surgical
attention to the primary tumor.39

REPEAT RESECTIONS
Of all patients who undergo a hepatic resection for
colorectal metastases, 60% will have recurrent disease.
Off those, a third will have liver-only recurrence. With
the improvements in surgical technique, perioperative
management, and the overall decreasing morbidity and
mortality associated with liver resections, repeat hepa-
tectomy is the treatment of choice for resectable disease.
Repeat resections are technically more challenging. This
is due to the formation of perihepatic adhesions, altered
anatomy of the remnant liver due to regeneration, and
fragile liver parenchyma associated with chemotherapy
treatment.

The perioperative complication rates and mortal-
ity are comparable to those after first resection.40 Repeat
resection is associated with survival benefits similar to
that of the first hepatectomy.40–42 These findings can
also be extended to the third hepatectomy.43 Predictors
of worse survival include size of largest tumor >5 cm,
CEA level >30 ng/mL, positive surgical margin, pres-
ence of extrahepatic disease, number of tumors at repeat
resection >3, positive regional lymph nodes at repeat
resection, and an interval <1 year between first and
repeat resection.43–45

The frequency of repeat hepatectomy has been
increasing. Adam et al43 reported an increase in the
repeat hepatectomy rate from 15% of overall hepatec-
tomies in the period from 1984 to1990, to 37% of all
hepatectomies in the period from 1996 to 2000.

RESECTION MARGINS
Resections of colorectal liver metastases must be ap-
proached with ‘‘intent to cure.’’ A margin negative
resection is known to positively impact the local recur-
rence rate and long-term survival.7,13 Improved out-
comes in terms of local recurrence and survival have
been associated with a minimum of 1-cm margin.46,47

This led to the adoption of the traditional 1-cm margin
policy at many centers. However, curative hepatectomies
have been reported with margins <1 cm.48,49

More recently, a microscopically positive resec-
tion margin (R1 resection) by necessity was not found to
impact 5-year overall survival. However, patients with
R1 resections had higher recurrence rates.50

LAPAROSCOPIC LIVER RESECTION FOR
COLORECTAL LIVER METASTASES
The first successful anatomic hepatectomy was reported
in 1996 by Azagra et al,51 who performed a left lateral
segmentectomy for a benign adenoma. Retrospective
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reviews of laparoscopic liver resection, including subsets
of patients with colorectal liver metastases have shown
oncologic equivalency to open resections. In contrast to
laparoscopic colon surgery for cancer, no randomized
controlled trial has evaluated laparoscopic liver resection
for colorectal liver metastases.

Most of the published literature report on small
series at single institutions. Buell et al52 reported on their
experience with laparoscopic liver procedures. Their
series included 31 patients who underwent a laparoscopic
hepatectomy for colorectal liver metastases. All of the
resected patients had negative margins. Mala et al53

reported on 42 patients with colorectal liver metastases.
Their margin positive rate was comparable to that of
open technique. The complication rate in both series was
comparable to the open approach.

These series agreed on tumor clearance, feasibil-
ity, and short-term safety of laparoscopic liver resection.
Long-term outcomes are being reported. In one series54

with totally laparoscopic liver resection, the overall 5-
year survival rate was 64%. This is comparable to out-
comes with open surgery.

SYSTEMIC THERAPY FOR COLORECTAL
LIVER METASTASES
In the last few years, we have seen unprecedented
advances in the treatment of metastatic colorectal cancer.
5-fluorouracil (5-FU) is now not the only active agent in
the treatment of colorectal liver metastases. Newer
agents such as irinotecan, oxaliplatin, cetuximab, pan-
itumumab, and bevacizumab are now widely used.

The goals of chemotherapy treatment are dictated
by the clinical scenario of a particular patient.

Nonresectable Disease

In this subset of patients, chemotherapy is given as a
palliative treatment. It has been shown to be effective in
prolonging time to disease progression and survival in
patients with metastatic colorectal cancer.55

Potentially Resectable Disease

This subset of patients requires downstaging chemo-
therapy (possibly with the addition of other techniques),
to render the disease resectable. Chemotherapy is given
in a neoadjuvant fashion to serve as a conversion therapy.
The number of patients who eventually achieve complete
resection varies from 3.3 to 41%.11,56,57

Adam et al11 presented a review of 1104 initially
unresectable patients with colorectal liver metastases who
were treated by chemotherapy. The chemotherapeutic
regimens consisted of 5-fluorouracil and leucovorin com-
bined with oxaliplatin in 70% of the patients, irinotecan
in 7%, or both in 4%. One hundred thirty-eight patients

(12.5%) underwent hepatic resection after an average of
10 courses of chemotherapy. The survival rate of primar-
ily resectable versus primarily unresectable metastases
downstaged by chemotherapy at 5 and 10 years was
48% versus 33% and 30% versus 23%, respectively.

Resectable Disease

Neoadjuvant chemotherapy has its advantages, but it
also comes with some risks. Decreases in tumor size,
control of micrometastatic disease, assessment of activity
of chemotherapy, better chemotherapy tolerance, and
acting as a surrogate marker for success of liver surgery
are reported benefits.58 On the other hand, disadvan-
tages of this approach include liver toxicity, progression
while on treatment, and the possibility of complete
radiologic response, which may make intraoperative
localization difficult.58

The EORTC (European Organisation for Re-
search and Treatment of Cancer) Intergroup trial
4098359 is a prospective trial that looked at the perioper-
ative chemotherapy for initially resectable disease. This
included patients who were initially resectable with �four
metastases and no extrahepatic disease. One hundred
eighty-two patients were randomized to perioperative
chemotherapy and the same number were randomized
to surgery alone. The chemotherapy regime consisted of
six cycles of FOLFOX (oxaliplatin, 5-flourouracil, and
leucovorin) before surgery and six cycles after surgery.
When resected patients were analyzed, there was a
significant 9.2% increase in the progression-free survival
rate at 3 years favoring the perioperative chemotherapy
group. The overall survival rate was not reported.

Neoadjuvant chemotherapy for primarily resect-
able colorectal liver metastases remains controversial. No
guidelines currently exist to help with this decision.
However, this area is being actively investigated.

COMPLETE RESPONSE
With the advent of modern chemotherapy, a subset of
patients will have a complete radiologic response. This is
defined as the disappearance of target lesions on imag-
ing. Complete response has important implications. In a
single institution study,60 586 patients treated for color-
ectal liver metastases were evaluated for complete re-
sponse postchemotherapy. Sixty-six sites in 38 patients
were identified. The study concluded that a cure was not
achieved in 55 sites with complete radiologic response
(83%).

In patients with complete pathologic response
(CPR), outcomes are exceedingly favorable. A review61

of 767 consecutive patients operated on for colorectal
liver identified 29 patients (4%) with CPR. Interestingly,
none of the 29 patients had a complete clinical response.
The overall 5-year survival in the group of CPR was 76%
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versus 45% for patients without CPR. Predictors of CPR
were age �60 years, with metastases �3 cm, CEA level
at diagnosis �30 ng/mL, and objective response follow-
ing chemotherapy.

STAGING SYSTEM
Patients with colorectal liver metastases are all consid-
ered stage IV disease according to the American Joint
Committee on Cancer Cancer Staging Manual, 6th edition,
2002, Springer-Verlag. However, the long-term out-
comes and survival for this group is clearly variable. A
group of experts have called for a new staging system in
advanced colorectal cancer.62 The current staging system
has not kept pace with significant clinical advances. For
example, resectable colorectal liver metastases with a
curative intent is associated with a 5-year survival rate
of �40%, in contrast to unresectable disease where the 5-
year survival rate is less than 5%. The proposed new
staging system is a substaging of stage IV disease.
According to the authors, this will provide better strat-
ification of patients and a more meaningful cross- trial
comparison between patients.

FOLLOW-UP AFTER LIVER RESECTION
Currently, there is no consensus in the literature for
follow-up after surgical resection for colorectal liver
metastases. Most centers continue to follow-up patients
for 5 years using their own protocol. A review63 exam-
ined outcomes related to mode of surveillance post
hepatectomy. It could not uncover direct evidence sup-
porting any particular surveillance modality. They rec-
ommended visits every 3 months for 2 years and then
every 6 months for 5 years. Each visit was proposed to
include clinical evaluation, CEA level measurement, and
CT of the thorax, abdomen, and pelvis.

A 10-year follow-up study by Vigano et al re-
ported that 98% of all recurrences occurred before the
first 5 years of follow-up, but 15% of patients who were
disease-free at 5 years later developed recurrence.10

Another study64 evaluated actual 10-year survival
after resection of colorectal liver metastases in an attempt
to define cure. Of the 612 patients identified with a
potential 10-year follow-up, 102 patients were actual
10-year survivors; 97% of those patients were disease-
free at that mark. Only one patient experienced a
disease-specific death after 10 years of survival. Patients
who survive 10 years appear to be cured from their
disease, as opposed to approximately one-third of the
5-year survivors who succumb to a cancer-related death.

MULTIDISCIPLINARY APPROACH TO
COLORECTAL LIVER METASTASES
Care for patients with colorectal liver metastases is fairly
complex. Patient treatment should be discussed by a

multidisciplinary tumor board,14 consisting of surgeons,
medical oncologists, radiologists, and other key mem-
bers. This will ensure that all possible treatment modal-
ities, and the order in which they are implemented, have
been fully considered.

CONCLUSION
The management of colorectal liver metastases has
evolved over the past few years. More patients are now
offered surgery. The use of adjunct techniques to surgery
has increased resectability rates. Modern chemothera-
peutic agents have significantly improved outcomes.
Long-term cure is a realistic goal for a subset of patients
with this disease.
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