
LIVER RESECTION FOR CRC METASTASES

e255Current Oncology—Volume 20, Number 3, June 2013
Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

P R AC T I C E  G U I D E L I N E

Liver resection  
for colorectal cancer 
metastases
S. Gallinger md,* J.J. Biagi md,†  
G.G. Fletcher msc,‡ C. Nhan bsc,§  
L. Ruo md,|| and R.S. McLeod md§#

guideline underwent internal review by clinical and 
methodology experts, and external review by clinical 
practitioners. Feedback was incorporated into the 
final version of the guideline.

Practice Guideline

These recommendations apply to patients with liver 
metastases from crc who have had or will have a 
complete (R0) resection of the primary cancer and 
who are being considered for resection of the liver, 
or liver plus specific and limited ehms, with cura-
tive intent.

1(a).	Patients with liver and lung metastases should 
be seen in consultation with a thoracic surgeon. 
Combined or staged metastasectomy is recom-
mended when, taking into account anatomic 
and physiologic considerations, the assessment 
is that all pulmonary metastases can also be 
completely removed. Furthermore, liver resec-
tion may be indicated in patients who have had 
a prior lung resection, and vice versa.

1(b).	Routine liver resection is not recommended in 
patients with portal nodal disease. This group 
includes patients with radiologically suspicious 
portal nodes or malignant portal nodes found 
preoperatively or intraoperatively. Liver plus 
nodal resection, together with perioperative 
systemic therapy, may be an option—after a 
full discussion with the patient—in cases with 
limited nodal involvement and with metastases 
that can be completely resected.

1(c).	Routine liver resection is not recommended in 
patients with nonpulmonary ehms. Liver plus 
extrahepatic resection, together with periopera-
tive systemic therapy, may be an option—after a 
full discussion with the patient—for metastases 
that can be completely resected.

2(a).	Perioperative chemotherapy, either before 
and after resection, or after resection, is 
recommended in patients with resectable 

ABSTRACT

Questions

1.	 Should surgery be considered for colorectal can-
cer (crc) patients who have liver metastases plus 
(a) pulmonary metastases, (b) portal nodal dis-
ease, or (c) other extrahepatic metastases (ehms)?

2.	 What is the role of chemotherapy in the surgi-
cal management of crc with liver metastases 
in (a)  patients with resectable disease in the 
liver, or (b)  patients with initially unresect-
able disease in the liver that is downsized with 
chemotherapy (“conversion”)?

3.	 What is the role of liver resection when one or 
more crc liver metastases have radiographic 
complete response (rcr) after chemotherapy?

Perspectives

Advances in chemotherapy have improved survival 
in crc patients with liver metastases. The 5-year 
survival with chemotherapy alone is typically less 
than 1%, although two recent studies with folfox 
or folfoxiri (or both) reported rates of 5%–10%. 
However, liver resection is the treatment that is 
most effective in achieving long-term survival and 
offering the possibility of a cure in stage  iv crc 
patients with liver metastases. This guideline deals 
with the role of chemotherapy with surgery, and 
the role of surgery when there are liver metastases 
plus ehms. Because only a proportion of patients 
with crc metastatic disease are considered for 
liver resection, and because management of this 
patient population is complex, multidisciplinary 
management is required.

Methodology

Recommendations in the present guideline were 
formulated based on a prepublication version of a 
recent systematic review on this topic. The draft 
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liver metastatic disease. This recommenda-
tion extends to patients with ehms that can be 
completely resected (R0). Risks and potential 
benefits of perioperative chemotherapy should 
be discussed for patients with resectable liver 
metastases. The data on whether patients with 
previous oxaliplatin-based chemotherapy or 
a short interval from completion of adjuvant 
therapy for primary crc might benefit from 
perioperative chemotherapy are limited.

2(b).	Liver resection is recommended in patients with 
initially unresectable metastatic liver disease 
who have a sufficient downstaging response to 
conversion chemotherapy. If complete resection 
has been achieved, postoperative chemotherapy 
should be considered.

3.	 Surgical resection of all lesions, including le-
sions with rcr, is recommended when technical-
ly feasible and when adequate functional liver 
can be left as a remnant. When a lesion with rcr 
is present in a portion of the liver that cannot 
be resected, surgery may still be a reasonable 
therapeutic strategy if all other visible disease 
can be resected. Postoperative chemotherapy 
might be considered in those patients. Close 
follow-up of the lesion with rcr is warranted to 
allow localized treatment or further resection 
for an in situ recurrence.

KEY WORDS

Colorectal cancer metastases, liver resection, he-
patic resection, chemotherapy, complete response, 
downstaging

1.	 BACKGROUND

Advances in chemotherapeutic options have steadi-
ly improved survival for patients with stage  iv 
colorectal cancer (crc) and liver metastases. Recent 
clinical trials typically report median survival on 
the order of 20 months1–7. The 5-year survival with 
chemotherapy alone is historically less than 1%, 
although two recent clinical trials using front-line 
folfox (folinic acid–5-fluorouracil–oxaliplatin) or 
folfoxiri (folinic acid–5-fluorouricil–oxaliplatin–
irinotecan), or both, reported 5-year survivals of 
5%–10%1,2.

Despite those advances, liver resection is the 
treatment that is most effective in achieving long-
term survival and offering the possibility of cure 
in stage iv disease confined to the liver4,5. Patients 
with R0 resection of liver metastases have a 5-year 
survival rate of approximately 45% and a 10-year 
overall survival rate of 25%4,5,8–12. Because only a 
proportion of patients with crc metastatic disease 
are considered for liver resection, and because 
management of this patient population is complex, 
multidisciplinary management is required.

1.1	 Diagnosis and Assessment: Current Surgical 
Practice

1.1.1	 Multidisciplinary Cancer Conference
Consistent with the multidisciplinary cancer confer-
ence (mcc) standards adopted by Cancer Care Ontario 
(cco)13,14 and the Hepatic, Pancreatic, and Biliary 
(hpb) Surgical Oncology Standards15, patients should 
be fully informed, and cases should be reviewed 
at a mcc. The intent of the mcc is to ensure that all 
appropriate diagnostic tests and treatment options 
are generated and discussed prospectively with a 
multidisciplinary team having the knowledge and 
tools to provide a full array of surgical and interven-
tional radiology procedures, systemic and radiation 
treatment, and supportive and palliative care. All 
patients with liver-only metastatic disease, or those 
with liver metastases and limited extrahepatic dis-
ease as discussed herein, should be considered for 
liver resection and referred to specialized centres. 
Treatment planning for patients with (potentially) 
resectable synchronous crc and liver metastases was 
not within the scope of the literature review. For such 
patients, only limited level 1 evidence is available, 
and managment should be decided on a case-by-case 
basis in a mcc. Considerations for establishing a treat-
ment plan, particularly with respect to the sequence 
of resection or possibly a combined resection, should 
include the extent of the primary lesion or lesions, 
associated symptoms, and the possibility of local 
control, balanced by the extent of liver metastases 
and the threat to achievement of a curative resection.

1.1.2	 Resection of Liver-Only Metastases 
(Conclusions of Recent Consensus Groups or Reviews)
•	 Suspected metastases should be confirmed (usu-

ally with imaging and without biopsy) and staged 
by radiologic imaging.

•	 Overall health status, organ and liver function, 
and concomitant non-malignant disease must be 
assessed16,17.

•	 If R0 with negative surgical margins (≥ 1mm) 
is possible and if sufficient liver parenchyma 
remains to maintain liver function, resection 
should be considered16–19.
xx �Two contiguous liver segments with intact 

vascular inflow and outflow and adequate 
biliary drainage are preserved20.

xx �Remaining volume of liver (future liver rem-
nant) is at least 20%–25%, or approximately 
40% in cases of preoperative chemotherapy 
or other liver damage21–24.

•	 Downstaging or conversion chemotherapy [see 
question 2(b)], two-stage resection, portal vein 
embolization, and now associating liver partition 
with portal vein ligation for staged hepatectomy25 
are sometimes used in otherwise suitable can-
didates in whom the predicted liver remnant is 
too small.
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•	 Radiofrequency ablation has been used for un-
resectable metastasis, sometimes in conjunction 
with the surgical removal of resectable metasta-
ses, and may have a role in the treatment of other 
selected patients26–29.

1.2	 Liver Resection in this Guideline

This guideline addresses liver resection in special 
cases of liver metastasis plus extrahepatic metas-
tasis (ehm), or chemotherapy plus liver resection as 
described in the questions. It assumes that patients 
would meet the surgical criteria for resection of liver-
only metastases.

2.	 METHODS

This practice guideline was developed by cco’s 
Surgical Oncology Program and the Program in 
Evidence-Based Care (pebc) using the methods of 
the practice guidelines development cycle30,31. The 
pebc was asked to prepare clinical care guidelines 
or recommendations using a draft version of a sys-
tematic review (now published32). The draft version 
was supplemented by additional information from 
the included studies considered important in the 
interpretation by the review authors33. The final ver-
sion of the systematic review incorporated feedback 
obtained during the guideline development process.

This practice guideline is a convenient and up-
to-date source of the best available evidence on the 
role of liver resection in crc metastases, developed 
through a review of the evidentiary base, evidence 
synthesis, and input from external review partici-
pants in Ontario. The guideline is intended to pro-
mote evidence-based practice in Ontario, Canada. 
The pebc is editorially independent of cco and the 
Ontario Ministry of Health and Long-Term Care.

2.1	 Questions

1.	 Should surgery be considered for crc patients 
who have liver metastases plus (a)  pulmo-
nary metastases, (b) portal nodal disease, or 
(c) other ehms?

2.	 What is the role of chemotherapy in the surgi-
cal management of crc with liver metastases in 
(a) patients with resectable disease in the liver, 
or (b) patients with initially unresectable disease 
in the liver that is downsized with chemotherapy 
(“conversion”)?

3.	 What is the role of liver resection when one or 
more crc liver metastases have radiologic com-
plete response (rcr) after chemotherapy?

2.2	 Target Population

The recommendations pertain to patients with liver 
metastases from crc who have had or will have a 

complete (R0) resection of the primary cancer and 
who are being considered for resection of the liver, 
or liver plus ehms, with curative intent.

2.3	 Systematic Review

A systematic review on the role of liver resection 
for crc was prepared by members of cco’s Surgical 
Oncology Program together with a team of Ontario 
surgeons and oncologists32. The review included a 
search of the medline and embase databases from 
1995 to January 2010, using the terms “colorectal 
neoplasm” or “colorectal cancer” as text or mesh and 
embase subject headings. The results were combined 
with “liver neoplasm,” “hepatectomy,” “hepatic sur-
gery,” and “liver resection.”

2.4	 Outcomes of Interest

The primary outcomes were median survival, 3-year 
survival, and 5-year survival. The recurrence rate 
was also noted for question 1 (ehms). Postoperative 
complications and chemotherapy-related hepatic 
injury were additional outcomes for question  2 
(chemotherapy).

2.5	 Development of Recommendations

This guideline was developed by the working group 
(authors), which included hpb surgeons and medical 
oncologists. During reading of the systematic review 
and preparation of the guideline, the group deter-
mined that additional information from the included 
studies might be important in their interpretation. 
Some of that information was incorporated into the 
final systematic review32; other details are given in 
the full evidence-based series33. The expert panel 
that was constituted for the development of the pres-
ent guideline (see the Acknowledgments section) 
provided input on the guideline and recommenda-
tions drafted by the working group during a half-day 
meeting convened for that purpose. The participants 
represented the various sites in Ontario designated 
as hpb surgical centres (meeting the standards set by 
cco) and included hpb surgeons and medical oncolo-
gists, together with radiologists, general surgeons, 
and a thoracic surgeon. The final version of the 
guideline incorporates suggestions from the internal 
and external review processes.

2.6	 Internal and External Review

The draft report was reviewed by the pebc Report Ap-
proval Panel, which consists of 2 members, including 
an oncologist with expertise in clinical and methodol-
ogy issues. The pebc Report Approval Panel reviewed 
the draft practice guideline and provided feedback, 
which was incorporated into the guideline before the 
revised draft report was sent for external review,
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Links to the draft practice guideline and eviden-
tiary base (Section 2 of the full guideline)33, together 
with the Web address for the systematic review32, 
were distributed for external review. The external 
review by clinical practitioners had two components. 
In the targeted peer review component, 5 reviewers 
considered experts on the topic were contacted. The 
3 who agreed to participate answered a questionnaire 
evaluating the methods, recommendations, quality, 
and usefulness of the guideline, and also provided 
written comments. In the professional consultation 
component, links to the same material and a brief on-
line survey were distributed to health care providers 
in the province of Ontario. Those providers included 
hpb community of practice members (excluding 
those on the expert panel), surgical oncology leads 
for each area of Ontario, thoracic community of 
practice members, medical oncologists with gastro-
intestinal interest or expertise, and general surgeons 
with gastrointestinal interest. Complete results from 
those two sources of feedback can be found in the 
full guideline report on the cco Web site33.

3.	 RESULTS AND DISCUSSION

3.1	 Literature Search Results

The search resulted in 3610 non-duplicate articles, 
of which 83 were retained for inclusion in the re-
view. Most of the included studies are retrospective 
or prospective case series. Three reports dealt with 
randomized controlled trials (rcts) of chemotherapy. 
Details about the methodologic characteristics and 
clinical outcomes of the trials can be found in the 
systematic review32 and the full guideline report on 
the cco Web site33.

3.2	 Internal Review

The Report Approval Panel made several sugges-
tions that were addressed and incorporated before 
the external review. Some of the major points are 
indicated here.

•	 It was suggested that the authors state in more 
explicit terms that the quality of evidence is poor, 
conclusions are thus not robust, and that recom-
mendations are associated with limitations.
xx �A preamble to the recommendations was 

added to address limitations of the evidence.
•	 The qualifying statement for question 2(a) (peri-

operative chemotherapy), related to the Sargent 
citation, appears to be overstated because the 
populations are very different.
xx �This section was reworded to address the 

reviewer’s comment.
•	 The report does not differentiate management, 

especially perioperative neoadjuvant or adjuvant 
chemotherapy, for patients who have or have not 

received adjuvant chemotherapy at the time of 
their initial diagnosis.
xx �This question is outside the scope of the guide-

line, but some comments have been including 
in the qualifying statements for question 2(a).

3.3	 External Review: Targeted Peer Review

In responses to the questionnaire, the guideline devel-
opment methods, completeness, and overall quality 
were rated as high quality (at least 4 of 5), and ratings 
of 3.5 to 5 were given for the guideline recommen-
dations. All respondents agreed or strongly agreed 
that they would use the guideline and recommend 
it to others. A summary of the main points follows.

•	 Reviewers indicated a desire for a discussion of 
the costs and risks of other options, of synchro-
nous metastases and the timing of chemotherapy 
or resection, and of methods of staging.
xx �These topics were outside the scope of the 

questions and systematic review. Some addi-
tional notes were placed in the Introduction.

•	 One reviewer disagreed with recommenda-
tion 2(a) and felt that the evidence was not suf-
ficient to make such a strong recommendation 
in favour of chemotherapy based on current 
evidence (and even though it is widely practiced).
xx �The authors felt that recommendation 2(a) is 

valid, despite the limited evidence. The rec-
ommendation should be read in conjunction 
with the qualifying statements, which were 
revised in response to the comment.

3.4	 External Review: Professional Consultation

The feedback survey generated 23 responses. Of the 
23 respondents, 22 considered the guideline to be of 
high quality (4 of 5 or 5 of 5) and agreed or strongly 
agreed (4 of 5 or 5 of 5) that they would use it in their 
professional decisions. All agreed or strongly agreed 
they would recommend it for use in practice. Written 
comments and responses of the working group are 
given in the full guideline33.

•	 In recommendation 1(b), where does the recom-
mendation for “+/– targeted therapy” come from?
xx �Listing of chemotherapy agents, included 

targeted therapies, was deleted in recom-
mendations 1(b) and 1(c) and was replaced 
with “perioperative systemic therapy.” The 
qualifying statements for 2(a) were modified.

•	 I would remove the following wherever it ap-
pears: “A reasonable conclusion is that the 
evidence showing the benefit of adjuvant 
chemotherapy in stage 3 and high-risk stage 2 
crcs could be extrapolated to support a periop-
erative chemotherapy strategy in extrahepatic 
diseases.” This is a huge extrapolation to a 
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completely different clinical scenario, and it’s 
not necessary. The data, poor as they are, are 
enough to support the recommendations made.
xx �The authors agreed that the original state-

ment is valid, although the wording was 
adapted slightly as a result of the comment.

•	 Hepatic artery infusion (hai) not mentioned and 
although not widely used does have some evi-
dence in this situation. No discussion about what 
to do with perioperative chemotherapy (pre and 
post or all post) in patients already exposed to 
oxaliplatin earlier in a “true” adjuvant situation. 
This is a scenario increasing in incidence.
xx �As indicated in Section 2, studies evaluating 

hai as a technique were outside the scope of 
the literature review, although rcts compar-
ing various chemotherapy agents adminis-
tered by hai were included. A comment about 
treatment of patients previously receiving 
adjuvant therapy was added to the qualifying 
statements for question 2(a).

•	 Both perioperative chemotherapy and postopera-
tive chemotherapy can be considered equally for 
the section on perioperative chemo for resectable 
liver disease.
xx �Perioperative chemotherapy, defined as either 

before and after resection, or after resection, 
was recommended. Studies addressing the 
issue of the optimal timing of chemotherapy 
are limited.

4.	 CLINICAL PRACTICE GUIDELINE

The report Hepatic, Pancreatic, and Biliary Tract 
(HPB) Surgical Oncology Standards, a special report 
of cco’s pebc15 provides standards for the manage-
ment of primary and secondary liver cancer in On-
tario. Those standards include “a system of patient 
care that ensures multidisciplinary management, 
including Multidisciplinary Cancer Conferences 
(i.e., tumour boards), involving the appropriate health 
care professionals to ensure that patients receive 
the most appropriate treatment.” Patients should be 
treated at a designated hpb centre.

As indicated in the key evidence and the quali-
fying statements following each recommendation, 
many of the studies available for the present review 
are noncomparative studies, with a lower quality of 
evidence than that from rcts. There is potential for 
inherent bias, and differences in outcome between 
groups may be a result of differences in the charac-
teristics of the groups rather than in the effect of the 
interventions. This field is rapidly evolving and the 
recommendations in the present guideline may be al-
tered if results from additional rcts become available.

4.1	 Question 1

What is the role of liver resection in patients with ehms?

4.1.1	 Pulmonary Metastases
Recommendations:  Patients with liver and lung 
metastases should be seen in consultation with a tho-
racic surgeon. Combined or staged metastasectomy 
is recommended when, taking into account anatomic 
and physiologic considerations, the assessment is that 
all pulmonary metastases can also be completely re-
moved. Furthermore, liver resection may be indicated 
in patients who have had a prior lung resection, and 
vice versa.

Key Evidence:  Evidence from non-controlled stud-
ies consistently suggests that a combined liver and 
lung metastasectomy leads to long-term survival (see 
Table 1 in the review by Quan et al.32). In studies with 
combined liver and lung resection, 3-year survival 
was 36%–59%, and 5-year survival was 9%–74%.

The relatively high survival of 74% reported 
by Shah et al.34 was calculated from the date of the 
first metastasectomy instead of the second (usually 
pulmonary) metastasectomy as used in several other 
studies; however, the median overall survival was 
still 42.2 months after the last metastasectomy. In 
this study, patients with synchronous or metachro-
nous presentation of liver and lung metastases had no 
statistically significant difference in overall survival. 
Survival may be higher than in other studies because 
of the use of aggressive surgical therapy plus pseudo-
adjuvant chemotherapy after the liver resection (51% 
received 5-fluorouracil or irinotecan). Recurrence 
was treated with repeated liver metastasectomy in 
7 patients (18%) and repeat lung resection in 12 
patients (31%).

Qualifying Statements:  The literature review tabu-
lates the numbers of cases by order of resection (in 
some studies, the data are actually for the occurrence 
of metastases), but most of the original publications 
do not subdivide survival data according to the tim-
ing of resection. The order of surgery often reflects 
the order of occurrence and not a surgical choice. 
In cases of simultaneous hepatic and pulmonary 
metastases, several of the included studies state that 
hepatic metastasectomy was performed first. Shah 
et al.34 indicate that this order was used to main-
tain pulmonary reserve and to rule out unexpected 
extrahepatic abdominal disease. Lung resection 
was performed 6 or more weeks later. Patients with 
completely resected lung or liver metastases who 
later developed metastases at the other site were not 
explicitly addressed in the review article; however, 
the evidence suggests that prior metastasectomy 
should not exclude the resection of new metastases.

4.1.2	 Portal Node Metastases
Definition:  Portal nodes are defined in the litera-
ture review as the lymph nodes found in the hepato-
duodenal ligament. Jaeck et al.35 divided the hepatic 
pedicle lymph nodes into area  1 (hepatoduodenal 
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ligament and retropancreatic portion) and area  2 
(around the common hepatic artery and celiac axis).

Recommendations:  Routine liver resection is not 
recommended in patients with portal nodal disease. 
This group includes patients with radiologically 
suspicious portal nodes or malignant portal nodes 
found preoperatively or intraoperatively. Liver plus 
nodal resection, together with perioperative systemic 
therapy, may be an option—after a full discussion 
with the patient—in cases with limited nodal involve-
ment and metastases that can be completely resected. 
Chemotherapy is discussed in question  2 (see the 
qualifying statements).

Key Evidence:  Patients with portal nodal disease 
have a worse prognosis than do those without ehms 
(see Table 1 in Section 2 of the evidence-based se-
ries33). Although 5-year survival after liver resection 
was reported as 0% in some of the older studies, it is 
12%–33% in the five most recent studies (see Table 1 
in Section  2 of the evidence-based series33). The 
3-year survival was 27%–56%.

Adam et al.36 performed resections in patients 
responding to or stabilized with preoperative che-
motherapy and found a 5-year survival of 25% with 
pedicular node involvement, and 0% with celiac or 
para-aortic involvement.

A later study by Jaeck’s group37 found that 
the involvement of either area  1 or area  2 nodes 
resulted in much better survival than if both areas 
were involved (3-year survival: 36% for one area vs. 
18% for both areas; 5-year survival: 26% vs. 0%); 
adjuvant chemotherapy was an independent pre-
dictor of overall survival in multivariate analysis. 
These authors noted evolution in the treatment of 
colorectal liver metastases since their earlier study, 
including perioperative chemotherapy and aggres-
sive surgical resection.

Qualifying Statements:  Evidence is limited and 
based on prospective and retrospective case series 
of heterogeneous design. Studies include small 
numbers of highly selected patients, with surgery 
performed in a limited number of highly special-
ized centres. The location of nodes, microscopic or 
macroscopic involvement, type of surgery, extent 
of lymphadenectomy (complete, regional, or se-
lected nodes), use and type of chemotherapy, and 
presence of other ehms are not consistent across 
the studies. The 5-year follow-up is incomplete in 
several publications. Some studies conclude that 
portal nodal involvement should not be considered 
an absolute contraindication to the resection of 
colorectal liver metastases. Improvements in sur-
gical techniques and preoperative treatment and 
the use of more effective chemotherapeutic agents 
all likely contributed to better survival in some of 
the recent studies.

Some members of the expert panel suggested 
resection only in patients with metastases that 
respond to chemotherapy. Adam et al.36 used that 
criterion in their study, presumably based on their 
previous results,38 but other publications concluded 
that the response to neoadjuvant chemotherapy did 
not correlate with overall survival39. No consensus 
was reached on this issue.

4.1.3	 Metastases at Other Sites
Recommendations:  Routine liver resection is 
not recommended in patients with nonpulmonary 
ehms. Liver plus extrahepatic resection, together 
with perioperative systemic therapy, may be an 
option—after full discussion with the patient—
for metastases that can be completely resected. 
Chemotherapy is discussed in question 2 (see the 
qualifying statements).

Key Evidence:  In most reported studies, the 
3-year survival after resection of liver plus ehms is 
20%–40% (see Table 3 of the review by Quan et al.32). 
The 5-year survival is 15%–32%. Overall, those rates 
are one third to one half those found in patients with 
resected liver metastases, but without ehm resection, 
although the data are not consistent across the various 
extrahepatic sites.

For peritoneal metastases, Elias et al.40 reported 
3-year and 5-year survival rates of 28% and 16%, 
and Carpizo et al.41 reported survival rates of 41% 
and 30%.

Carpizo et al.41 also found that ovarian metas-
tases did not affect survival (5-year survival of 51% 
compared with 49% without ehm resection).

Two studies reported 0% survival with para-
aortic lymph node metastases.

Several publications by Elias et al.40,42,43 form 
the basis of the consensus of the European Colorectal 
Metastases Treatment Group19, which is that “the 
presence of disease outside the liver should no lon-
ger be considered a strict contraindication for liver 
resection provided that the disease outside the liver 
is resectable.”

The Consensus Conference of the American 
Hepato-Pancreato-Biliary Association44 also con-
cluded that “resection of intra-abdominal extrahe-
patic disease during hepatectomy for colorectal liver 
metastases should be performed provided a negative 
resection margin is achieved.”

Qualifying Statements:  An increasing number of 
institutions appear to be performing combined liver 
and ehm resection, although the evidence concern-
ing outcomes is heterogeneous. The definitions for 
the site of disease, presentation of disease, and type 
of surgery performed vary among studies. Only 
four studies (see Table 3 in the systematic review32) 
reported separate data for multiple extrahepatic sites 
other than the hepatic lymph nodes.
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4.2	 Question 2

What is the role of chemotherapy in the surgical 
management of crc liver metastases?

4.2.1	 Resectable Disease
Does perioperative chemotherapy result in an im-
proved outcome in patients having liver resection 
for crc metastases?

Recommendations:  Perioperative chemotherapy, 
either before and after resection, or after resection, 
is recommended in patients with resectable liver 
metastatic disease. This recommendation extends 
to patients with extrahepatic metastatic disease that 
can be completely resected (R0). Risks and potential 
benefits of perioperative chemotherapy should be 
discussed in patients with resectable liver metastases.

Key Evidence:  The European Organisation for 
Research and Treatment of Cancer (eortc) Inter-
group trial 40983 reported by Nordlinger et al.45 is a 
multicentre rct comparing chemotherapy plus liver 
resection (6 cycles of folfox4 before and 6 cycles af-
ter surgery) with surgery alone. Although 42% of the 
patients had previously received non-oxaliplatin ad-
juvant chemotherapy for the primary cancer, patients 
who had received oxaliplatin before trial start were 
excluded. The study was closed early (235 events 
accrued instead of the planned 278 events) because 
“events had not accumulated at the pace anticipated 
but the pressure from the medical community to have 
the trial results disclosed was very strong.” They 
reported final progression-free survival (pfs) data 
for a protocol-unspecified interim time point, with 
overall survival not reported (still being monitored).

At interim analysis, based on intention to treat 
(all randomized patients), a 7.3% improvement in pfs 
was seen at 3 years in the surgery plus chemotherapy 
group, a trend that was not statistically significant 
(hazard ratio: 0.79; confidence interval: 0.62 to 
1.02; p = 0.058). The median pfs was 18.7 months 
(compared with 11.7 months without chemotherapy). 
Reanalysis of the subsets of patients who were eli-
gible (n = 342) or who had received resection (n = 
303) indicated a significant increase in pfs for both 
subsets (hazard ratio: 0.77; confidence interval: 0.60 
to 1.00; p = 0.041; and hazard ratio: 0.73; confidence 
interval: 0.55 to 0.97; p = 0.025 respectively).

Reversible postoperative complications occurred 
more often after chemotherapy than after surgery 
alone (25% vs. 16%, p = 0.04).

Perioperative chemotherapy reduced the relative 
risk of relapse by one quarter.

The only other randomized trials are reported 
by Mitry et al.46 as a pooled analysis of two smaller 
studies [ffcd (Fédération Francophone de Can-
cérologie Digestive) trial 9002 and eng (European 
Organisation for Research and Treatment of Cancer/

National Cancer Institute of Canada Clinical Trials 
Group/Gruppo Italiano di Valutazione Interventi 
in Oncologia) trial] of 5-fluorouracil postoperative 
chemotherapy that were both stopped early because 
of slow accrual. The ffcd trial excluded patients 
who had received chemotherapy in the year preced-
ing liver surgery, and the eng trial excluded patients 
with prior chemotherapy for metastatic disease or 
metastases diagnosed within 6 months of completion 
of adjuvant chemotherapy for the primary tumour. 
Trends in pfs and overall survival favoured the 
surgery-plus-chemotherapy group but did not reach 
statistical significance (median overall survival: 62.2 
vs. 47.3 months; p = 0.095).

The 28-case series (see Table 4 in the review by 
Quan et al.32) were heterogeneous in regimens and 
outcomes. Preoperative chemotherapy-induced liver 
damage was identified in some of the studies.

Practice standards and guidelines support che-
motherapy in metastasectomy patients.

An expert panel of the European Colorectal Me-
tastases Treatment Group (including several partici-
pants in the eortc 40983 trial) recommended that “the 
majority of patients with crc liver metastases should 
be treated up front with chemotherapy, irrespective of 
the initial resectability status of their metastases”47.

The Advanced Colorectal Cancer: European Soci-
ety for Medical Oncology Clinical Practice Guidelines 
supports the use of perioperative chemotherapy17.

The National Comprehensive Cancer Network 
practice guidelines for colon and rectal cancers also 
support chemotherapy plus resection for metastases48,49.

Qualifying Statements:  Although results from 
confirmatory trials are pending, the results from 
published evidence demonstrate consistent trends 
favouring perioperative chemotherapy to the extent 
that a widespread change in practice has occurred 
provincially and across other jurisdictions for the 
routine use of perioperative chemotherapy.

In stage  iii and high-risk stage  ii primary crc, 
there is a well-known one-third relative risk reduction 
in recurrence with the use of adjuvant chemothera-
py50. Clinicians have therefore often extrapolated 
that patients with resected metastatic disease are 
likely to benefit.

The most widely recommended perioperative 
chemotherapy based on that extrapolation and the re-
cent eortc 40983 trial results is an oxaliplatin-based 
combination. It is well-established that chemother-
apy exposure may result in chemotherapy-induced 
liver damage or changes to the liver parenchyma. 
Differences in surgical outcomes resulting from dif-
ferent types of liver damage have been reported for 
irinotecan and oxaliplatin combination therapies, 
and have led to the preferential use of oxaliplatin-
based combinations. In the appropriate settings, an 
irinotecan-based combination or fluoropyrimidine 
monotherapy may be a reasonable alternative.
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Most studies recommend that the duration of 
preoperative chemotherapy be limited. Liver toxic-
ity and rcr (see question  3) are more likely after 
prolonged exposure. Karoui et al.51 found increased 
morbidity among patients receiving 6 or more cycles 
of chemotherapy. The Nordlinger et al. trial45 lim-
ited preoperative chemotherapy to 6 cycles. Most of 
the preoperative chemotherapy studies for initially 
unresectable metastases [question 2(b)] performed 
repeat imaging during chemotherapy, with resection 
as soon as was technically feasible52–54.

The randomized trials presented in this section’s 
key evidence included patients who had previously 
received adjuvant chemotherapy, suggesting that 
prior adjuvant chemotherapy should not limit a pa-
tient’s suitability for perioperative chemotherapy. 
The available data are insufficient to determine a 
minimum interval between completion of adjuvant 
therapy and initiation of perioperative chemotherapy 
for liver metastases. In the eortc 40983 trial, no 
time limit before enrollment was imposed, but pa-
tients who had previously received oxaliplatin were 
excluded. In the pooled analysis by Mitry et al.46, a 
6-month minimum interval was required.

Although fewer data on resectable extrahepatic 
metastatic disease have been published, the recom-
mendations with respect to perioperative chemo-
therapy extend to that patient population, based (as 
earlier mentioned) on an extrapolation of the avail-
able evidence in high-risk stage ii and stage iii crc 
and perioperative results.

4.2.2	 Initially Unresectable Disease
Should liver resection be performed in patients with 
initially unresectable metastatic liver disease after 
conversion chemotherapy?

Recommendations:  Liver resection is recommended 
in patients with initially unresectable metastatic liver 
disease who have a sufficient downstaging response 
to conversion chemotherapy. If complete resection has 
been achieved, postoperative chemotherapy should be 
considered (see Resectable Disease).

Key Evidence:  The data suggest that patients who 
are initially unresectable may benefit from chemother-
apy to identify a subset of patients in whom successful 
conversion to resectability is achieved. In patients 
without ehms, preoperative chemotherapy yielded a 
partial or complete clinical response in 25%–48% of 
patients, and led to complete resection in 15%–36% 
(see Table 5 in the review by Quan et al.32).

The foregoing finding is consistent with the 
consensus statement of the American Hepato-Pan-
creato-Biliary Association, which states that preop-
erative chemotherapy permits complete resection in 
15%–30% of patients44.

Survival rates after conversion chemotherapy 
plus liver resection were 52%–100% at 3 years (five 

studies) and 33%–43% at 5 years (three studies), 
similar to rates seen in patients considered resectable 
without chemotherapy in the same studies.

Qualifying Statements:  This question deals pri-
marily with crc metastases to the liver only. Some 
of the patients in the reported studies had liver 
metastases plus ehms, and the recommendations for 
question 1(c) would apply in such cases.

Multiple studies have suggested that some pa-
tients can be made resectable with chemotherapy, 
but no rcts have been conducted, and the published 
studies are largely case series. Various definitions of 
“resectable” are used. There is no expectation that 
an rct with a nonsurgical arm will be initiated in 
this patient population. Nonetheless, the potential 
for long-term survival suggested by the available 
data resulted in a strong consensus in the oncology 
community for widespread adoption of conversion 
chemotherapy with surgical intent.

Prolonged chemotherapy can result in liver tox-
icity [see question 2(a)], surgical complications, and 
rcr (see question  3). Most studies of preoperative 
chemotherapy for initially unresectable metastases 
used repeat imaging during chemotherapy, with 
resection as soon as was technically feasible52–54. 
In patients in whom resectability is achieved, it is 
common to offer further adjuvant chemotherapy, but 
no direct evidence is available on which to base a 
recommendation concerning either the utility of ad-
juvant chemotherapy or the total duration or number 
of cycles of chemotherapy.

4.3	 Question 3

What is the role of liver resection when one or more 
liver metastases have rcr after chemotherapy?

Recommendations:  Surgical resection of all le-
sions, including lesions with rcr, is recommended 
when technically feasible and when adequate func-
tional liver can be left as a remnant. When a lesion 
with rcr is present in a portion of the liver that can-
not be resected, surgery may still be a reasonable 
therapeutic strategy if all other visible disease can be 
resected. Postoperative chemotherapy might be con-
sidered in such patients. Close follow-up of the lesion 
with rcr is warranted to allow for localized treatment 
or further resection for an in situ recurrence.

Key Evidence:  Studies by Benoist et al.55, Fior
entini et al.56, and Tanaka et al.57 (see Table  2 in 
Section  2 of the evidence-based series33) report 
the proportion of liver metastases with rcr located 
intraoperatively (37%, 49%, and 36% respectively), 
found during pathology examination of resected 
areas (80%, 63%, and 24%), and with recurrence 
(74%, 81%, and 41%). Complete response was 17%, 
19%, and 51% of liver metastases.
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Benoist et al.55 and Elias et al.42 respectively 
reported that 16% and 27% of patients experienced 
a true complete response.

Postoperative chemotherapy was given in all ex-
cept one study (not mentioned by Fiorentini et al.56) 
and either to all patients or to those with missing liver 
metastases in an area that was not resected.

Four of the studies administered chemotherapy 
by hai to either some or all patients. Elias et al.58 
found fewer recurrences with hai than with sys-
temic treatment.

Qualifying Statements:  The foregoing studies 
provide evidence that a large proportion of liver 
metastases with rcr still contain viable tumour cells, 
but the studies were not designed to compare long-
term survival between patients with rcr lesions that 
were resected and lesions that were left in place. The 
extrapolation of data from other studies suggests that 
resection should improve survival. Several articles 
on downstaging recommend limiting the duration of 
presurgical chemotherapy to minimize areas of liver 
metastases with rcr, which are then difficult to locate 
and resect52–54. Those studies used repeat imaging 
during chemotherapy, with resection as soon as was 
technically feasible.

5.	 REVIEW AND UPDATE

Practice guidelines developed by the pebc are reviewed 
and updated regularly. Please visit the cco Web site 
(http://www.cancercare.on.ca) for the full evidence-
based series report33 and subsequent updates.

6.	 ACKNOWLEDGMENTS

The authors thank the members of the expert panel 
for their input in drafting the recommendations: 
Rebecca Auer and Fady Balaa (The Ottawa Hos-
pital, University of Ottawa), Pablo Cano (North-
eastern Ontario Regional Cancer Centre), Eric 
Chen (Princess Margaret Hospital, University of 
Toronto), Marc DePerrot and John Kachura (Uni-
versity Health Network), Ehsan Haider (Hamilton 
Health Sciences, McMaster University), Richard 
Hart (St Joseph’s Hospital, University of Toronto), 
Mohamed Husien (Grand River Hospital), Died-
erick Jalink (Kingston General Hospital, Queen’s 
University), Leonard Kaizer and Joe Wen (Credit 
Valley Hospital), Calvin Law (Sunnybrook Health 
Sciences Centre), Callista Philipps (Joseph Brant 
Hospital, McMaster University), Doug Quan and 
Stephen Welch (London Health Science Centre, 
University of Western Ontario), Jeffrey Rothen-
stein (Durham Regional Cancer Centre), and 
Amber Hunter (cco).

The pebc is a provincial initiative of cco, supported 
by the Ontario Ministry of Health and Long-Term 
Care. All work produced by the pebc is editorially 

independent from the Ontario Ministry of Health and 
Long-Term Care.

7.	 CONFLICT OF INTEREST DISCLOSURES

Authors disclosed potential conflicts of interest 
information. One of the authors (SG) received hpb 
fellowship support from Sanofi and from Roche. 
The other authors reported that they had no financial 
conflicts of interest.

8.	 REFERENCES

	 1.	 Masi G, Vasile E, Loupakis F, et al. Randomized trial 
of two induction chemotherapy regimens in metastatic 
colorectal cancer: an updated analysis. J Natl Cancer Inst 
2011;103:21–30.

	 2.	 Sanoff HK, Sargent DJ, Campbell ME, et al. Five-year data 
and prognostic factor analysis of oxaliplatin and irinotecan 
combinations for advanced colorectal cancer: N9741. J Clin 
Oncol 2008;26:5721–7.

	 3.	 Falcone A, Ricci S, Brunetti I, et al. Phase iii trial of infusional 
fluorouracil, leucovorin, oxaliplatin, and irinotecan (folfoxiri) 
compared with infusional fluorouracil, leucovorin, and irino-
tecan (folfiri) as first-line treatment for metastatic colorectal 
cancer: The Gruppo Oncologico Nord Ovest. J Clin Oncol 
2007;25:1670–6.

	 4.	 Scheele J, Stangl R, Altendorf–Hofmann A. Hepatic metas-
tases from colorectal carcinoma: impact of surgical resection 
on the natural history. Br J Surg 1990;77:1241–6.

	 5.	 Stangl R, Altendorf–Hofmann A, Charnley RM, Scheele 
J. Factors influencing the natural history of colorectal liver 
metastases. Lancet 1994;343:1405–10.

	 6.	 Tournigand C, Andre T, Achille E, et al. folfiri followed by 
folfox6 or the reverse sequence in advanced colorectal cancer: 
a randomized gercor study. J Clin Oncol 2004;22:229–37.

	 7.	 Van Cutsem E, Kohne CH, Hitre E, et al. Cetuximab and 
chemotherapy as initial treatment for metastatic colorectal 
cancer. N Engl J Med 2009;360:1408–17.

	 8.	 Abdalla EK, Vauthey JN, Ellis LM, et al. Recurrence and 
outcomes following hepatic resection, radiofrequency abla-
tion, and combined resection/ablation for colorectal liver 
metastases. Ann Surg 2004;239:818–25.

	 9.	 Choti MA, Sitzmann JV, Tiburi MF, et al. Trends in long-
term survival following liver resection for hepatic colorectal 
metastases. Ann Surg 2002;235:759–66.

	10.	 Jonas S, Thelen A, Benckert C, et al. Extended resections 
of liver metastases from colorectal cancer. World J Surg 
2007;31:511–21.

	11.	 Nordlinger B, Guiguet M, Vaillant JC, et al. Surgical resection 
of colorectal carcinoma metastases to the liver. A prognostic 
scoring system to improve case selection, based on 1568 
patients. Cancer 1996;77:1254–62.

	12.	 Shah SA, Bromberg R, Coates A, Rempel E, Simunovic 
M, Gallinger S. Survival after liver resection for metastatic 
colorectal carcinoma in a large population. J Am Coll Surg 
2007;205:676–83.

	13.	 Wright F, De Vito C, Langer B, Hunter A on behalf of the 
Expert Panel on Multidisciplinary Cancer Conference 

http://www.cancercare.on.ca


GALLINGER et al.

e264
Current Oncology—Volume 20, Number 3, June 2013
Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

Standards. Special Report: Multidisciplinary Cancer Confer-
ence Standards. Toronto, ON: Cancer Care Ontario; 2006. 
[Available online at: http://www.cancercare.on.ca/common/
pages/UserFile.aspx?fileId=14318; cited June 28, 2012]

	14.	 Wright FC, De Vito C, Langer B, Hunter A on behalf of the 
Expert Panel on Multidisciplinary Cancer Conference Stan-
dards. Multidisciplinary cancer conferences: a systematic 
review and development of practice standards. Eur J Cancer 
2007;43:1002–10.

	15.	 Marcaccio M, Langer B, Rumble B, Hunter A on behalf 
of the Expert Panel on hpb Surgical Oncology. Hepatic, 
Pancreatic, and Biliary Tract (HPB) Surgical Oncology 
Standards. Evidence-based series special report no. 17-2. 
Toronto, ON: Cancer Care Ontario; 2006. [Available online 
at: https://www.cancercare.on.ca/common/pages/UserFile.
aspx?fileId=139394; cited June 28, 2012]

	16.	 Penna C, Nordlinger B. Colorectal metastasis (liver and lung). 
Surg Clin North Am 2002;82:1075–90,x–xi.

	17.	 Van Cutsem E, Nordlinger B, Cervantes A, on behalf of the 
esmo Guidelines Working Group. Advanced colorectal cancer: 
esmo Clinical Practice Guidelines for treatment. Ann Oncol 
2010;21(suppl 5):v93–7.

	18.	 Pawlik TM, Scoggins CR, Zorzi D, et al. Effect of surgi-
cal margin status on survival and site of recurrence after 
hepatic resection for colorectal metastases. Ann Surg 
2005;241:715–22.

	19.	 Van Cutsem E, Nordlinger B, Adam R, et al. on behalf 
of the European Colorectal Metastases Treatment Group. 
Towards a pan-European consensus on the treatment of 
patients with colorectal liver metastases. Eur J Cancer 
2006;42:2212–21.

	20.	 Charnsangavej C, Clary B, Fong Y, Grothey A, Pawlik TM, 
Choti MA. Selection of patients for resection of hepatic 
colorectal metastases: expert consensus statement. Ann Surg 
Oncol 2006;13:1261–8.

	21.	 Abdalla EK, Barnett CC, Doherty D, Curley SA, Vauthey 
JN. Extended hepatectomy in patients with hepatobiliary 
malignancies with and without preoperative portal vein em-
bolization. Arch Surg 2002;137:675–80.

	22.	 Azoulay D, Castaing D, Smail A, et al. Resection of nonresect-
able liver metastases from colorectal cancer after percutaneous 
portal vein embolization. Ann Surg 2000;231:480–6.

	23.	 Shoup M, Gonen M, D’Angelica M, et al. Volumetric analysis 
predicts hepatic dysfunction in patients undergoing major liver 
resection. J Gastrointest Surg 2003;7:325–30.

	24.	 Vauthey JN, Pawlik TM, Abdalla EK, et al. Is extended 
hepatectomy for hepatobiliary malignancy justified? Ann Surg 
2004;239:722–30.

	25.	 Schnitzbauer AA, Lang SA, Goessmann H, et al. Right portal 
vein ligation combined with in situ splitting induces rapid left 
lateral liver lobe hypertrophy enabling 2-staged extended 
right hepatic resection in small-for-size settings. Ann Surg 
2012;255:405–14.

	26.	 Gillams AR, Lees WR. Five-year survival in 309 patients 
with colorectal liver metastases treated with radiofrequency 
ablation. Eur Radiol 2009;19:1206–13.

	27.	 McKay A, Fradette K, Lipschitz J. Long-term outcomes 
following hepatic resection and radiofrequency ablation of 
colorectal liver metastases. HPB Surg 2009;2009:346863.

	28.	 Stang A, Fischbach R, Teichmann W, Bokemeyer C, Brau-
mann D. A systematic review on the clinical benefit and role 
of radiofrequency ablation as treatment of colorectal liver 
metastases. Eur J Cancer 2009;45:1748–56.

	29.	 Wong SL, Mangu PB, Choti MA, et al. American Society of 
Clinical Oncology 2009 clinical evidence review on radiofre-
quency ablation of hepatic metastases from colorectal cancer. 
J Clin Oncol 2010;28:493–508.

	30.	 Browman GP, Levine MN, Mohide EA, et al. The practice 
guidelines development cycle: a conceptual tool for practice 
guidelines development and implementation. J Clin Oncol 
1995;13:502–12.

	31.	 Browman GP, Newman TE, Mohide EA, et al. Progress of 
clinical oncology guidelines development using the practice 
guidelines development cycle: the role of practitioner feed-
back. J Clin Oncol 1998;16:1226–31.

	32.	 Quan D, Gallinger S, Nhan C, et al. on behalf of the Surgi-
cal Oncology Program at Cancer Care Ontario. The role of 
liver resection for colorectal cancer metastases in an era 
of multimodality treatment: a systematic review. Surgery 
2012;151:860–70.

	33.	 Gallinger S, Biagi JJ, Fletcher GG, et al. The Role of Liver 
Resection in Colorectal Cancer Metastases. Evidence-based 
series no. 17-7. Toronto, ON: Cancer Care Ontario; 2012. 
[Available online at: https://www.cancercare.on.ca/common/
pages/UserFile.aspx?fileId=154968; cited June 27, 2012]

	34.	 Shah SA, Haddad R, Al-Sukhni W, et al. Surgical resection of 
hepatic and pulmonary metastases from colorectal carcinoma. 
J Am Coll Surg 2006;202:468–75.

	35.	 Jaeck D, Nakano H, Bachellier P, et al. Significance of hepatic 
pedicle lymph node involvement in patients with colorec-
tal liver metastases: a prospective study. Ann Surg Oncol 
2002;9:430–8.

	36.	 Adam R, de Haas RJ, Wicherts DA, et al. Is hepatic resec-
tion justified after chemotherapy in patients with colorectal 
liver metastases and lymph node involvement? J Clin Oncol 
2008;26:3672–80.

	37.	 Oussoultzoglou E, Romain B, Panaro F, et al. Long-term sur-
vival after liver resection for colorectal liver metastases in pa-
tients with hepatic pedicle lymph nodes involvement in the era 
of new chemotherapy regimens. Ann Surg 2009;249:879–86.

	38.	 Adam R, Delvart V, Pascal G, et al. Rescue surgery for 
unresectable colorectal liver metastases downstaged by che-
motherapy: a model to predict long-term survival. Ann Surg 
2004;240:644–57.

	39.	 Gallagher DJ, Zheng J, Capanu M, et al. Response to neo-
adjuvant chemotherapy does not predict overall survival for 
patients with synchronous colorectal hepatic metastases. Ann 
Surg Oncol 2009;16:1844–51.

	40.	 Elias D, Ouellet JF, Bellon N, Pignon JP, Pocard M, Lasser 
P. Extrahepatic disease does not contraindicate hepatectomy 
for colorectal liver metastases. Br J Surg 2003;90:567–74.

	41.	 Carpizo DR, Are C, Jarnagin W, et al. Liver resection for 
metastatic colorectal cancer in patients with concurrent ex-
trahepatic disease: results in 127 patients treated at a single 
center. Ann Surg Oncol 2009;16:2138–46.

	42.	 Elias D, Sideris L, Pocard M, et al. Results of R0 resection 
for colorectal liver metastases associated with extrahepatic 
disease. Ann Surg Oncol 2004;11:274–80.

http://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=14318
http://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=14318
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=139394
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=139394
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=154968
https://www.cancercare.on.ca/common/pages/UserFile.aspx?fileId=154968


LIVER RESECTION FOR CRC METASTASES

e265Current Oncology—Volume 20, Number 3, June 2013
Copyright © 2013 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).

	43.	 Elias D, Liberale G, Vernerey D, et al. Hepatic and extrahe-
patic colorectal metastases: when resectable, their localization 
does not matter, but their total number has a prognostic effect. 
Ann Surg Oncol 2005;12:900–9.

	44.	 Abdalla EK, Adam R, Bilchik AJ, Jaeck D, Vauthey JN, Mahvi 
D. Improving resectability of hepatic colorectal metastases: 
expert consensus statement. Ann Surg Oncol 2006;13:1271–80.

	45.	 Nordlinger B, Sorbye H, Glimelius B, et al. on behalf of the 
eortc Gastro-Intestinal Tract Cancer Group; Cancer Research 
UK; Arbeitsgruppe Lebermetastasen und-tumoren in der 
Chirurgischen Arbeitsgemeinschaft Onkologie (alm-cao); 
Australasian Gastro-Intestinal Trials Group (agitg); Fédéra-
tion Francophone de Cancérologie Digestive (ffcd). Periopera-
tive chemotherapy with folfox4 and surgery versus surgery 
alone for resectable liver metastases from colorectal cancer 
(eortc Intergroup trial 40983): a randomised controlled trial. 
Lancet 2008;371:1007–16.

	46.	 Mitry E, Fields ALA, Bleiberg H, et al. Adjuvant chemo-
therapy after potentially curative resection of metastases from 
colorectal cancer: a pooled analysis of two randomized trials. 
J Clin Oncol 2008;26:4906–11.

	47.	 Nordlinger B, Van Cutsem E, Gruenberger T, et al. on behalf 
of the European Colorectal Metastases Treatment Group and 
the Sixth International Colorectal Liver Metastases Workshop. 
Combination of surgery and chemotherapy and the role of 
targeted agents in the treatment of patients with colorectal 
liver metastases: recommendations from an expert panel. Ann 
Oncol 2009;20:985–92.

	48.	 National Comprehensive Cancer Network (nccn). NCCN 
Clinical Practice Guidelines in Oncology: Colon Cancer. 
Ver.  2.2011. Fort Washington, PA: nccn; 2011. [Available 
online at: http://www.nccn.org/professionals/physician_gls/
PDF/colon.pdf; cited January 25, 2011]

	49.	 National Comprehensive Cancer Network (nccn). NCCN 
Clinical Practice Guidelines in Oncology: Rectal Cancer. 
Ver.  2.2011. Fort Washington, PA: nccn; 2011. [Available 
online at: http://www.nccn.org/professionals/physician_gls/
PDF/rectal.pdf; cited January 25, 2011]

	50.	 Sargent D, Sobrero A, Grothey A, et al. Evidence for cure 
by adjuvant therapy in colon cancer: observations based on 
individual patient data from 20,898 patients on 18 randomized 
trials. J Clin Oncol 2009;27:872–7.

	51.	 Karoui M, Penna C, Amin–Hashem M, et al. Influence of 
preoperative chemotherapy on the risk of major hepatectomy 
for colorectal liver metastases. Ann Surg 2006;243:1–7.

	52.	 Masi G, Loupakis F, Pollina L, et al. Long-term outcome of 
initially unresectable metastatic colorectal cancer patients 

treated with 5-fluorouracil/leucovorin, oxaliplatin, and irino-
tecan (folfoxiri) followed by radical surgery of metastases. 
Ann Surg 2009;249:420–5.

	53.	 Nuzzo G, Giuliante F, Ardito F, et al. Liver resection for 
primarily unresectable colorectal metastases downsized by 
chemotherapy. J Gastrointest Surg 2007;11:318–24.

	54.	 Skof E, Rebersek M, Hlebanja Z, Ocvirk J. Capecitabine 
plus irinotecan (xeliri regimen) compared to 5-fu/lv plus 
irinotecan (folfiri regimen) as neoadjuvant treatment for 
patients with unresectable liver-only metastases of metastatic 
colorectal cancer: a randomised prospective phase ii trial. BMC 
Cancer 2009;9:120.

	55.	 Benoist S, Brouquet A, Penna C, et al. Complete response of 
colorectal liver metastases after chemotherapy: does it mean 
cure? J Clin Oncol 2006;24:3939–45.

	56.	 Fiorentini G, Del Conte A, De Simone M, et al. Complete 
response of colorectal liver metastases after intra-arterial 
chemotherapy. Tumori 2008;94:489–92.

	57.	 Tanaka K, Takakura H, Takeda K, Matsuo K, Nagano Y, Endo 
I. Importance of complete pathologic response to prehepatec-
tomy chemotherapy in treating colorectal cancer metastases. 
Ann Surg 2009;250:935–42.

	58.	 Elias D, Goere D, Boige V, et al. Outcome of posthepatec-
tomy—missing colorectal liver metastases after complete 
response to chemotherapy: impact of adjuvant intra-arterial 
hepatic oxaliplatin. Ann Surg Oncol 2007;14:3188–94.

Correspondence to: Steven Gallinger, Division of 
General Surgery, Toronto General Hospital, 200 
Elizabeth Street, 10EN Room 206, Toronto, Ontario  
M5G 2C4.
E-mail: steven.gallinger@uhn.on.ca

*	� Hepatobiliary/Pancreatic Surgical Oncology, 
University Health Network, Mount Sinai Hos-
pital, and University of Toronto, Toronto, ON.

†	� Cancer Centre of Southeastern Ontario, Queen’s 
University, Kingston, ON.

‡	� Program in Evidence-based Care, Cancer Care 
Ontario, and Department of Oncology, McMaster 
University, Hamilton, ON.

§	� Surgical Oncology Program, Cancer Care On-
tario, Toronto, ON.

||	� Hamilton Health Sciences, McMaster University 
Medical Centre, Hamilton, ON.

#	� University of Toronto and Mount Sinai Hospital, 
Toronto, ON.

http://www.nccn.org/professionals/physician_gls/PDF/colon.pdf
http://www.nccn.org/professionals/physician_gls/PDF/colon.pdf
http://www.nccn.org/professionals/physician_gls/PDF/rectal.pdf
http://www.nccn.org/professionals/physician_gls/PDF/rectal.pdf

