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Colorectal cancer accounts for the third most common malig-
nancy in western countries. In patients with colorectal cancer, 
up to 25% will have liver metastases at diagnosis and more 
than 70% of all patients will develop hepatic metastases during 
the course of disease [1]. Currently, the standard of care and 
only potential curative therapy for colorectal liver metastases is 
hepatic resection of the metastatic lesions. 

Improvements in surgical and anesthetic technique, imaging 
modalities, low operative mortality rates, careful patient selection, 
and the impact of modern downstaging chemotherapy regimens 
have all contributed to the current management of patients 
with colorectal liver metastases. When hepatic metastases 
are resected, the 5 year survival rate is up to 58% in selected 
patients [2]. Furthermore, advances in chemotherapy regimens 
using newer agents have promoted a better response rate in pa-
tients with colorectal liver metastases and have made previously 
unresectable patients eligible for surgery. Yet, the appropriate 
combination of chemotherapeutic regimens, its sequence (neo-
adjuvant vs. adjuvant approach), the surgical strategy (anatomic 
vs. non-anatomic), the use of local ablative therapy, and specific 
indications are still unclear. In this article, we will review some 
of the above controversies in the management of colorectal liver 
metastases.

Current staging: The role of and drawbacks  
of PET-CT
Preoperative imaging plays a crucial role in patient selection for 
hepatic resection. Traditionally, computed tomography was the 
modality of choice for detecting hepatic metastases; however, 
historical data showed that when the decision to perform partial 
hepatectomy is based solely on CT findings, 42% of patients are 
found to be unresectable at the time of laparotomy [3]. This ratio 
has improved with the progress and accuracy of CT technology 
but is still far from acceptable. The advent of positron emission 
tomography using fluoro-18-deoxyglucose has provided a new 
and complementary imaging and diagnostic modality in colorectal 
cancer metastases. 

Multiple reports have shown FDG-PET to be a good diagnostic 
modality with a high sensitivity and specificity for detecting he-
patic and especially extrahepatic disease [4-6]. A meta-analysis 
by Wiering et al. [5] demonstrated a pooled sensitivity and 
specificity with FDG-PET of 88.0% and 96.1%, respectively for he-
patic lesions, and 91.5% and 95.4%, respectively for extrahepatic 
lesions. FDG-PET showed superior sensitivity and specificity in 
detecting extrahepatic disease compared to CT (91.5% vs. 60.9% 
sensitivity, 95.4% vs. 91.1% specificity). Similarly, Truant and 
colleagues [4] found comparable sensitivity by PET and CT in 
identifying intrahepatic lesions (79% for both), but the sensitivity 
of FDG (63%) was more than twice that of CT (25%) in detecting 
extrahepatic, specifically intra-abdominal, lesions. Moreover, FDG-
PET identified unsuspected extrahepatic metastases missed by 
conventional imaging in 21.5% of patients with FDG-PET-positive 
liver lesions [6]. 

The ability of FDG-PET to detect occult disease prevents un-
necessary surgery in 21.5% of patients [6] and changes the overall 
management in 25% [5]. FDG-PET alters the target population 
for surgery, improving mean survival time in patients undergo-
ing surgery, while providing potential for alternate therapies in 
patients with unresectable disease.

Despite these benefits, the various shortcomings in the use 
of FDG-PET must be considered. Patients undergoing extensive 
chemotherapy may develop FDG-PET negativity during treatment 
[7,8] due to a significantly decreased tumor FDG uptake and 
tumor cell hexokinase phosphorylating activity [9]. Furthermore, 

PET = positron emission tomography
FDG = fluoro-18-deoxyglucose
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FDG-PET failed to identify 37% of lesions in patients treated 
with chemotherapy compared to 23% of undetected lesions in 
patients without preoperative treatment. Due to its decreased 
sensitivity during chemotherapy, PET should not be used as the 
sole determinant for the presence of cancer. In addition, the  
inability of PET to detect metastatic liver lesions smaller than 1 
cm [4], poor visualization of mucinous tumors [8], failure to re-
veal anatomic details [4], and limited spatial resolution [6] make 
tumor site localization difficult and may lead to underestimation 
of the hepatic tumor burden. 

FDG-PET functions as a key imaging modality in the workup, 
diagnosis and treatment of patients with colorectal liver metas-
tases. Despite its superior sensitivity in detecting extrahepatic 
lesions, it is necessary to recognize the pitfalls of FDG-PET and 
utilize additional imaging modalities. The use of image overlays, 
combining results of PET and high resolution spiral CT may 
increase the accuracy of preoperative staging before hepatic 
resection [10]. We are therefore convinced that PET is mandatory 
in the evaluation and staging of colorectal liver metastases. 

Neoadjuvant vs. adjuvant chemotherapy in 
resectable disease 
Surgical resection is the standard of care and best treatment 
for resectable liver metastases. However, in 80–90% of patients 
liver metastases are unresectable at the time of diagnosis. The 
introduction of oxaliplatin-based chemotherapy has changed 
the prognosis of these patients, increasing the response rate 
and median survival. Multiple studies have demonstrated that 
neoadjuvant chemotherapy allows 12.5–38% of patients previ-
ously considered unresectable to be significantly downstaged and 
eligible for hepatic resection [11,12] with overall 5 year survival 
rates similar to that of patients who underwent primary resection 
[13]. 

Neoadjuvant chemotherapy
Patients with resectable colorectal liver metastases can undergo 
either immediate resection or a delayed resection after a course 
of neoadjuvant chemotherapy. According to Allen and co-research-
ers [14], overall 5 year survival was similar in patients with clini-
cally resectable metastatic disease with and without neoadjuvant 
chemotherapy prior to resection (52% vs. 38% respectively, P = 
0.35). However, they did find that patients within the neoadjuvant 
group whose disease remained stable without progression while 
receiving chemotherapy experienced significantly improved survival 

as compared to patients who did not receive chemotherapy (85% 
vs. 35%, P = 0.03) [14]. Similar findings by Capussotti et al. [13] 
demonstrated that the combination of neoadjuvant chemotherapy 
and liver resection increases survival compared to chemotherapy 
alone, but rarely provides cure.

Despite the survival benefits, recent studies have demonstrated 
that prolonged neoadjuvant systemic chemotherapy induces 
pathological changes in the liver that may increase morbidity 
and mortality after major resection [15,16]. Karoui and associates 
[15] found a significantly higher morbidity rate in patients who 
received systemic chemotherapy prior to liver resection compared 
to those who did not (38% vs. 13.5%). Preoperative chemotherapy 
was significantly associated with sinusoidal dilation, atrophy of 
hepatocytes, and/or hepatocytic necrosis [15]. Furthermore, a 
recent study by Vauthey et al. [16] reports a significant risk of 
hepatotoxicity, such as the induction of chemotherapy-associated 
steatohepatitis, and increased 90 day mortality following hepatic 
surgery with the use of neoadjuvant chemotherapy. 

A recent report from the Memorial Sloane-Kettering Cancer 
Center demonstrates another promising aspect of the neoadjuvant 
approach. In their series, patients whose disease progressed while 
on chemotherapy had a significantly worse survival compared to 
patients who responded [17]. Further investigation is necessary 
to evaluate if the response to neoadjuvant treatment seen on 
imaging is a significant and effective predictor of survival.

Adjuvant chemotherapy
Following hepatic resection, postoperative or adjuvant chemo-
therapy is used to increase survival and decrease the rate of 
metastatic recurrence. Recently, the first randomized clinical trial 
comparing surgery alone to surgery plus adjuvant chemotherapy 
provided clear evidence that adjuvant chemotherapy is beneficial 
in the setting of colorectal liver metastases. In this study, Portier 
and team [18] randomly assigned 173 patients to receive surgery 
and observation or surgery plus 6 months of systemic adjuvant 
chemotherapy. Results demonstrated a significantly improved 5 
year disease-free survival in the surgery plus chemotherapy group 
compared to surgery alone (33.5% vs. 26.7%, P = 0.028), with a 
trend towards increased overall 5 year survival [18].

Despite the use of neoadjuvant chemotherapy, the metastatic 
recurrence rate after hepatic resection has been high overall, 
ranging from 66% to 80% [11,13]. One study reported significantly 
higher recurrence rates in patients receiving neoadjuvant chemo-
therapy compared to primary resection without chemotherapy 
(94% vs. 66.4%) [13]. Another study determined that adjuvant 
chemotherapy does not decrease the metastatic recurrence rate 
in the remnant liver [19]. This may be related to the concept 
of complete clinical response and the vanishing of metastatic 
lesions following chemotherapy. In patients with a complete 
clinical response to chemotherapy according to CT imaging, in 
situ recurrence was observed in 78% of patients after one year 
due to non-visible but persistent viable tumor cells or micro-
scopic disease [20]. Therefore, it is important for the surgeon to 
consider resecting the sites of these vanished lesions in order to 
reduce the risk of metastatic recurrence.

Traditional risk factors, selection criteria, 
indications and contraindications are being 
challenged and need revalidation
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Both neoadjuvant and adjuvant chemotherapy have been 
shown to improve survival in the setting of colorectal liver 
metastases and therefore should be utilized in the face of resect-
able disease. Although neoadjuvant chemotherapy downstages 
liver metastases and increases patient eligibility for surgery, a 
multicenter randomized control trial is needed to truly evaluate 
the benefits of its use. The recent publication of a randomized 
clinical trial proving adjuvant chemotherapy beneficial compared 
to surgery alone warrants its application [18]. It is now clear 
that while tailoring the treatment plan for the individual patient, 
potential risks and benefits of neoadjuvant strategy should be 
balanced carefully. Influencing factors include the extent of re-
section, the oncological prognosis, body mass index, and other 
co-morbidities such as diabetes and steatohepatitis.

Surgical strategy: a question of adequate margins
Since hepatic resection of metastases offers the greatest op-
portunity for patient survival, resection strategy is very important 
to achieve an overall goal of metastatic resection, negative his-
tological margins, and the preservation of enough functional liver 
parenchyma for regrowth and hepatic survival. The two principal 
techniques are non-anatomic (wedge) resection and anatomic 
resection. Wedge resections with narrow margins are most often 
done for small, peripheral or isolated metastases. The segmental 
or anatomic approach involves the resection of defined anatomic 
segments of the liver typically performed for large, deeply situ-
ated, or multiple-clustered metastases [21]. Some authors suggest 
that one surgical technique is superior to the other, while others 
conclude that there are no differences. 

Superior survival and a lower incidence of positive surgical 
margins have been reported in patients undergoing anatomic 
resection compared to patients undergoing wedge resection 
for colorectal metastases. A study of 267 patients at Memorial 
Sloane-Kettering comparing resection techniques concluded that 
patients undergoing anatomic segmental resection had signifi-
cantly fewer positive surgical margins (2% vs. 16%, P < 0.001), 
significantly longer survival (55 months vs. 38 months, P = 0.015) 
and significantly longer disease-free interval (58% vs. 43%, P = 
0.014) compared to patients undergoing wedge hepatectomy [22]. 
The increased use of parenchyma-sparing segmental resections 
for liver metastases has been associated with an improvement in 
perioperative results and a downward trend in operative mortal-
ity, blood loss, use of blood products, and hospital stay [23]. 
Other studies, however, report similar rates of positive margins 
and similar outcome in patients treated with wedge resection or 
anatomic resection. A recent study at the MD Anderson Cancer 
Center found an identical 8.3% incidence of positive margins after 
both types of resection with no difference in overall recurrence 
rates, patterns of recurrence or complication rate, and a com-
parable 5 year survival of 60% [21]. Similar findings by Kokudo 
and team [24] demonstrated no significant difference in patient 
survival or recurrence rates according to surgical procedure.

It has been established that histological liver resection margin 
involvement is a significant predictor of survival and disease-
free survival after surgery. A positive hepatic resection margin 

has been associated with a higher incidence of surgical margin 
postoperative recurrence and lower survival rate. However, recent 
studies have demonstrated that the width of the resection margin 
does not affect the rate and pattern of recurrence or rate of 
survival [25,26].

The techniques used in parenchymal dissection are a key 
factor impacting the potential for minimal margins, yet adequate 
R0 resection. While in earlier series, surgeons applied rough 
instrument crushing techniques, the use of more controlled and 
fine tissue dissectors, such as the CUSA or water jet aspirators, 
allows guided and precise resection even in close proximity to 
the lesions and in the depth of liver. 

The type of resection chosen for a particular patient should 
be based on the intrahepatic location of the lesions, the quality 
of liver tissue, and the goal of preserving an adequate volume of 
functional liver parenchyma. Since margin width does not affect 
survival or recurrence, we can safely perform a limited wedge 
resection with narrow margins to preserve a maximal amount 
of liver parenchyma that will become the functional liver rem-
nant. Protection of the liver decreases operative morbidity and 
maintains future re-resection as a viable option. We conclude 
that there is no need to adhere to anatomic resection in the 
treatment of colorectal liver metastases. 

Local ablation therapy vs. surgical resection
The majority of patients with primary or metastatic malignancies 
confined to the liver are not candidates for curative resection 
because of tumor location, multifocality, proximity of the tumor 
to vessels, or inadequate functional hepatic reserve. For these 
patients alternative treatment approaches, such as radiofre-
quency ablation therapy, are being explored to control and 
potentially cure primary and secondary liver disease. RFA uses 
high frequency alternating current to produce thermal energy 
that destroys tumors by denaturing proteins. Previous studies 
have discussed the efficacy and safety of RFA in the treatment 
of colorectal liver metastases, and demonstrated acceptable local 
recurrence and short-term survival rates [27,28]. Here, the efficacy 
and long-term survival rates compared to surgical resection will 
be reviewed. 

An original series by Pawlik et al. [27] at MD Anderson evalu-
ated the combined treatment of surgical resection and RFA in 
patients with hepatic malignancies without extrahepatic disease, 

RFA = radiofrequency ablation therapy

Progress is ongoing in the imaging, 
chemotherapeutic regimens and surgical 
techniques in the battle against colorectal 
metastases to the liver
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finding comparable morbidity and mortality rates with a recur-
rence rate of 56.9% at 21.3 months. The number and size of 
tumors treated with RFA did not affect time to recurrence, but 
patients with more than 10 treated tumors had a significantly 
shorter time to recurrence [27]. In a follow-up study at the same 
institution, recurrence and survival were compared in patients 
with resection alone (190, 45%), patients with combined resection 
and RFA (101, 24%), and those with RFA alone (57, 14%). Overall 
survival rate was highest after resection (58% at 5 years), but 
there was no survival difference for patients treated with RFA 
+ resection versus RFA alone, although these were significant 
risk factors for decreased survival compared with resection alone 
[29]. Elias and co-workers [30] also concluded that a combina-
tion of surgery, RFA and chemotherapy is optimal, providing an 
increased 3 year survival rate of 47%. However, multiple reports 
have indicated a significantly higher rate of metastatic recurrence, 
specifically local and intrahepatic recurrence, with RFA [29]. 

The use of RFA in combination with surgical resection allows 
the surgeon to ablate small lesions while removing the larger 
lesions. In general, adding RFA to the hepatic resection is well 
tolerated and adds minimal complexity to the operation. RFA 
plus resection confers a morbidity and mortality similar to surgi-
cal resection if performed by experienced hands. However, RFA 
is inferior for local control of metastases, systemic spread, and 
long-term survival. Thus, in resectable cases and mainly in the 
treatment of solitary hepatic metastases, the application of local 
ablative therapy cannot be recommended as primary treatment. 
RFA provides survival slightly superior to that of non-surgical 
chemotherapy treatment and therefore can be used as a pallia-
tive modality in selected patients. Based on the current data, we 
conclude that RFA should be reserved only for non-resectable 
lesions and non-operable high risk patients. 

Repetitive resection: the role of re-resection
Although hepatic resection is performed with curative intent, 
60–70% of patients may develop recurrent disease within the 
first 2 years, one-third of which recurs in the liver [31]. Only a 
subset (10–15%) of these patients are candidates for re-resection 
[32]. Improvements in surgical techniques, perioperative manage-
ment and safety of liver resections have paved the way for more 
frequently performed repeat hepatic resection in patients with 
isolated hepatic recurrence.

In well-selected patients, repeat hepatectomy provides similar 
long-term survival to primary hepatectomy, without increasing 
postoperative morbidity and mortality [33-35]. A study by Pessaux 
et al. [33] showed overall 5 year survival rates of 33%, 21% and 
36% respectively after a first, second and third hepatectomy. 
Similarly, Shaw and collaborators [34] demonstrated comparable 
5 year survival rates after repeat and single hepatectomy: 1, 3 
and 5 year survival rates were 94, 68 and 44%, compared with 
89.3, 51.7 and 29.5%, respectively. 

In an analysis of patients undergoing a third hepatectomy, 
Adam et al. [36] concluded that a third hepatectomy is safe, 
with complication rates and survival benefit similar to first and 
second hepatectomies. Following third hepatectomy, overall 5 
year survival was 32% and disease-free survival 17%. Survival 
compared favorably to that of patients with recurrence following a 
second hepatectomy who could not be operated (5% at 3 years), 
patients who failed to be resected (15% at 2 years, P = 0.0001), 
and patients who underwent only two hepatectomies (27% at 5 
years). When estimated from the time of the first hepatectomy, 
survival was 65% at 5 years for the 60 patients who underwent 
three hepatic resections [36]. Due to comparable survival rates, 
some investigations strongly support aggressive surgical manage-
ment in selected patients with intrahepatic recurrence.

Since only a subset of patients are eligible for re-resection, 
prognostic indicators of survival are important for determining 
patient eligibility and probable success following repeat liver re-
section. The factors predicting survival in repeat hepatectomy are: 
the curative nature of first and second hepatectomies, an interval 
between the two procedures of more than 1 year, the number of 
recurrent tumors, serum carcinoembryonic antigen levels, and 
the presence of extrahepatic disease [37]. Optimal selection for 
long-term survival after repeat resection includes patients with 
a low tumor load, no extrahepatic disease, and removal of all 
visible tumors during the second hepatectomy [35,38].

The patients eligible for re-resection constitute a highly selec-
tive group of patients who have already survived chemotherapy 
and primary resections. Criteria for the selection of patients who 
will be successful in re-resection are not well established. Despite 
the numerous studies showing survival comparable to first and 
second liver resections, the role of repeat liver surgery in pa-
tients with intrahepatic recurrence is controversial due to the 
questionable survival benefit and additional risks of re-resection. 
There is a need for a large-scale prospective randomized control 
trial to determine the true survival advantage or disadvantage 
of re-resection. Furthermore, uniform protocols must be estab-
lished to standardize the treatment of patients with recurrent 
hepatic disease. Until then, it is the important balance between 
surgical feasibility and oncologic justification that must guide 
clinicians in determining the appropriate treatment strategy for 
their patients.

Extrahepatic disease
Traditionally, extrahepatic disease was a contraindication to 
hepatic resection. However, various institutions have recently 
reported extended hepatic resections with removal of adjacent 

Decision making and patient care mandate 
careful assessment of the risks and 
benefits and a reasonable balance must 
be attained between surgical feasibilities 
and oncological justifications
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intra-abdominal and intrathoracic organs, such as diaphragm, 
bowel, lung and pancreas [32].

Patients with extrahepatic disease have significantly poorer 
survival than patients without extrahepatic disease [37,39]. In one 
study of 14 patients with synchronous extrahepatic disease who 
underwent a second liver resection, the 3 year survival rate was 
32%, compared to 63% in patients without extrahepatic disease. 
At 5 years, there were no survivors in this group compared to 
54% of patients without extrahepatic disease [37]. Despite these 
findings, a multivariate analysis by Adam et al. [36] found that 
extrahepatic disease was not independently associated with 
decreased survival and therefore re-resection cannot be ex-
cluded as an option in patients with extrahepatic disease. Careful  
assessment of the risks and benefits for each individual patient 
is important in the decision to resect extrahepatic disease 
since there are no prospective randomized trials to guide our 
practice. 

Summary
There is ongoing progress in the imaging, chemotherapeutic 
regimens and surgical techniques in the battle against colorectal 
metastases to the liver. Current results are better than historical 
controls but are far from satisfactory. There is a shortage of clear 
data from well-designed and randomized controlled studies, and 
many aspects and dilemmas have yet to be resolved. Traditional 
risk factors, selection criteria, indications and contraindications 
are being challenged and need revalidation. Decision making 
and patient care mandate careful assessment of the risks and 
benefits for each individual patient, and a reasonable balance 
must be attained between surgical feasibilities and oncological 
justifications.
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Immune cells move between the circulation system and 
tissues in response to infection. Upon detection of inflam-
mation, leukocytes initiate a highly orchestrated sequence 
of events, whereby they attach and roll along on the sur-
face of the endothelium before squeezing through to the 
underlying tissue. Auffray et al. (Science 2007;317:666) reveal 
a quite distinct type of behavior displayed by a population 
of monocytes that remain attached to the endothelium in 
the absence of inflammation. The resident cells appear 
to survey the surface of post-capillary venules, veins and 

arteries, depending on specific chemokine and integrin 
signals. Upon detection of inflammatory cues, the cells 
move into infected sites, where they undergo differentia-
tion into macrophages. Mueller et al. (p. 670) reveal how 
the down-regulation of chemokines in the lymph node 
prevents T lymphocytes from entering during an ongoing 
immune response. This delay may help to optimize the 
lymph node environment to produce the most effective 
immune response.
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Palfreyman et al. reviewed the evidence of effectiveness of 
dressings applied to venous leg ulcers. The search strategy 
identified 254 studies, 42 of which fulfilled the inclusion 
criteria. Hydrocolloids were no more effective than simple 
low adherent dressings used beneath compression (eight 
trials; relative risk for healing with hydrocolloid 1.02, 95% 
confidence interval 0.83 to 1.28). For other comparisons, 
insufficient evidence was available to allow firm conclusions 
to be drawn. None of the dressing comparisons showed 

evidence that a particular class of dressing healed more 
ulcers. Some differences existed between dressings in terms 
of subjective outcome measures and ulcer healing rates. The 
results were not affected by the size or quality of trials or 
the unit of randomization. Insufficient data were available 
to allow conclusions to be drawn about the relative cost-
effectiveness of different dressings.
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