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After completing this course, the reader will be able to:

1. Among patients with liver metastases from colorectal cancer, determine which would benefit from liver resection,
the timing for surgery, and an appropriate perioperative chemotherapy regimen.

2. Determine which patients are candidates for perioperative chemotherapy and the appropriate timing of
chemotherapy, and describe the relevant toxicities and their impact on morbidity and mortality.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Colorectal cancer is a very common malignancy and fre-
quently manifests with liver metastases, often without other
systemic disease. Margin-negative (R0) resection of limited
metastatic disease, in conjunction with systemic antineoplas-
tic agents, is the primary treatment strategy, leading to long
survival times for appropriately selected patients. There is de-
bate over whether the primary tumor and secondaries should
be removed at the same time or in a staged manner. Chemo-
therapy is effective in converting some unresectable liver me-
tastases into resectable disease, with a correspondingly better

survival outcome. However, the ideal chemotherapy with or
without biological agents and when it should be administered
in the course of treatment are uncertain. The role of neoadju-
vant chemotherapy in initially resectable liver metastases is
controversial. Local delivery of chemotherapy, with and
without surgery, can lead to longer disease-free survival
times, but it is not routinely used with curative intent. This re-
view focuses on methods to maximize the disease-free survival
interval using chemotherapy, surgery, and local methods. The
Oncologist 2012;17:201–211

INTRODUCTION
Colorectal cancer (CRC) is the second most common cancer in
women and the third most common cancer in men worldwide,
with an estimated 1.24 million cases worldwide in 2008 [1]. It

is the third most common cancer in Australia, after nonmela-
noma skin cancers and prostate cancer, with 14,234 cases di-
agnosed in 2007 [2]. It is the second most common cancer in
men and women, after prostate and breast cancer, respectively
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[3]. Fifteen to twenty percent of patients have liver metastases
at diagnosis of CRC [4], and 60% of patients who develop met-
astatic disease will develop liver metastases [5]. Cytotoxic
chemotherapy is effective, and the role of biologic agents con-
tinues to expand.

Resection of liver-limited metastases from CRC has be-
come the standard of care [6]. However, the place of chemo-
therapy in the perioperative period remains unclear. Up to 23%
of patients with metastatic CRC (mCRC) are deemed initially
resectable, and with modern cytotoxic chemotherapy an ad-
ditional 12% can be made resectable [7]. Liver resection in
appropriately selected patients can result in a 5-year sur-
vival rate of 30% and a 10-year survival rate of 17%–25%,
which is widely regarded as a cure [8, 9]. For liver metasta-
ses to be resectable, the procedure must be technically fea-
sible, the liver remnant volume must be �20%, and removal
of extrahepatic metastases, if present, must be achievable
[10]. A patient is considered potentially resectable if it ap-
pears reasonable that resectability may be achieved with the
use of neoadjuvant systemic or local therapies. If the metas-
tases are deemed unresectable, outcomes are substantially
worse, with a 5-year overall survival (OS) rate for patients
with synchronous mCRC of 11% in the U.S., and a 10-year
survival rate close to zero [4].

This review discusses the optimal selection of patients
and timing of surgery and selection of chemotherapy for
CRC patients with potentially resectable liver metastases by
addressing a series of questions. Regional therapies are also
discussed.

TREATMENT OF MCRC
Over the past decade, the standard first-line therapy for mCRC
has progressed from 5-fluorouracil and leucovorin (5-FU–LV)
alone to the addition of oxaliplatin or irinotecan, and now be-
vacizumab. In a randomized controlled trial (RCT) comparing
5-FU–LV with 5-FU–LV plus oxaliplatin (FOLFOX) in 420
patients, a longer progression-free survival (PFS) interval, 9.0
months versus 6.3 months, was obtained with the addition of
oxaliplatin (p � .0001) [11]. In that study, 3.3% of the 5-FU–
LV-treated patients and 6.7% of those receiving FOLFOX had
secondary removal of metastases. Saltz et al. [12] compared
5-FU–LV with 5-FU–LV plus irinotecan (IFL), and with iri-
notecan alone. There was a significant benefit with irinotecan
combined with 5-FU–LV over irinotecan alone or 5-FU–LV
alone, in terms of the PFS interval (median, 7.0 months versus
4.3 months; p � .004), response rate (39% versus 21%; p �
.001), and OS times (14.8 months versus 12.6 months; p �
.04). Douillard et al. [13] had similar findings. In another
study, comparing FOLFOX with 5-FU–LV plus irinotecan
(FOLFIRI), FOLFOX had a therapeutic benefit equivalent to
that of FOLFIRI (PFS time, 8.0 months versus 8.5 months; p �
.26), with less nausea, vomiting, diarrhea, and febrile neutro-
penia but at a cost of a higher rate of neuropathy [14]. Metas-
tasectomy was possible in 22% and 9% of patients after using
FOLFOX and FOLFIRI, respectively (p � .02).

More recently, biological agents such as bevacizumab and
cetuximab are being used in the metastatic setting. In 2004, a

German study of 813 patients with mCRC showed that, in the
first-line setting, the addition of bevacizumab to IFL resulted
in significant additional benefit in terms of the OS duration
(20.3 months versus 15.6 months), PFS interval (10.6 months
versus 6.2 months), and response rate (44.8% versus 6.2%)
[15]. The use of the newer infusional FOLFIRI regimen with
bevacizumab is at least equally efficacious [16, 17]. Saltz et al.
[18] showed, in 2008, that bevacizumab with FOLFOX4 or
capecitabine plus oxaliplatin (XELOX), compared with
FOLFOX4 or XELOX alone, gave a PFS advantage of 9.4
months versus 8.0 months (p � 0.0023), but without any dif-
ference in the response rate (47% versus 49%; p � .31) or OS
time (21.3 months versus 19.9 months; p � .77). That study
recruited 1,401 patients who were eligible for first-line chemo-
therapy for mCRC. Of those patients, 8.4% in the bevacizumab
arm and 6.0% in the comparator arm underwent an attempt at
curative metastasectomy. The Cetuximab Combined With Iri-
notecan in First-Line Therapy for Metastatic Colorectal Can-
cer (CRYSTAL) study, published first in 2009, was a first-line
treatment study using cetuximab and chemotherapy that in-
cluded 1,198 patients with mCRC [19]. Cetuximab added to
FOLFIRI resulted in a longer PFS interval (8.9 months versus
8.0 months) and higher response rate (46.9% versus 38.7%),
but no difference in the OS time. The R0 resection rate for me-
tastases was 4.8% in the cetuximab-containing arm versus
1.7% with FOLFIRI alone (p � .0002). Subgroup analysis for
KRAS mutation status showed that the benefit was limited to
those expressing wild-type (wt) KRAS only (PFS interval, 9.9
months versus 8.7 months). There were more patients with wt
KRAS in the FOLFIRI arm than in the cetuximab–FOLFIRI
arm (66.9% versus 62.1%). The rate of surgery in those with wt
KRAS was not reported. In the Oxaliplatin and Cetuximab in
First-Line Treatment of mCRC (OPUS) study in patients with
wt KRAS, cetuximab added to FOLFOX, compared with
FOLFOX alone, led to a higher response rate (57% versus 34%;
p � .0027) and longer PFS time (8.3 months versus 7.2 months;
p � .0064), but the survival duration was not significantly longer
[20]. The addition of cetuximab also led to a higher rate of surgery
for metastatic lesions (12% versus 3%; p � .0242), albeit with
small numbers. Given these findings, it can be inferred that a pro-
portion of patients with initially unresectable disease could be ren-
dered resectable by chemotherapy. In the studies described above,
it was not reported how many patients were potentially resectable,
and therefore the true ability of these regimens as conversion ther-
apy could not be assessed.

IS CHEMOTHERAPY BENEFICIAL FOR PATIENTS WITH
INITIALLY RESECTABLE LIVER METASTASES?
The role of antitumor therapy prior to liver resection remains
unclear in patients whose liver metastases are considered to be
resectable at the time of diagnosis. The rationale for giving
neoadjuvant chemotherapy is to eradicate micrometastases
that may progress while the patient is recovering from surgery,
to evaluate the chemoresponsiveness of the tumor, and to
shrink the known metastases to a more readily resectable size
[21]. As a comparison, neoadjuvant chemotherapy can be
given to patients with locally advanced breast cancer, and it has
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been shown that the disease-free survival (DFS) and OS out-
comes are equivalent to those achieved in initially operable tu-
mors, with better locoregional control and a higher
lumpectomy rate [22].

The idea that chemotherapy could act as an aid to selecting
which patients will benefit from neoadjuvant chemotherapy
came from a French study showing that those who progressed
on chemotherapy had a much lower 5-year survival probability
than those who had a response or stable disease (8% versus
37% and 30%, respectively; p � .0001) [23]. The population
studied had highly advanced disease, including extrahepatic
metastases, and additional ablational techniques were used.
The same group also reported on the 5-year survival rate of
complete pathological responders compared with patients
without a complete pathological response (76% versus 45%;
p � .004) [24]. Allen et al. [25] also reported that 17 patients
who progressed on neoadjuvant chemotherapy had a 5-year
survival rate of 38%, compared with 85% of 29 similar patients
who did not progress. It can be inferred that, if a patient pro-
gresses on neoadjuvant chemotherapy but is still resectable,
then the rate of survival if surgery is offered is still much better
than the 0%–10% 5-year survival rate if surgery is withheld.
Contrary to the above findings, a German series of 160 patients
who had liver resection after chemotherapy showed no differ-
ence in the 5-year survival rate (34% versus 36%) [26].

The European Organization for Research and Treatment of
Cancer (EORTC) 40983 study attempted to solve the dilemma
of whether or not there is a benefit to neoadjuvant chemother-
apy in patients with initially resectable liver-limited mCRC. It
randomized 364 patients to upfront surgery or six cycles of
neoadjuvant FOLFOX4, followed by surgery and then another
six cycles of FOLFOX4 [27]. The difference in the median
PFS time was not statistically significant, at 11.7 months for
the surgery alone arm and 18.7 months for the chemotherapy
plus surgery arm (hazard ratio [HR], 0.79; p � .058). Eleven
patients in both arms were deemed ineligible after randomiza-
tion, mainly as a result of having more advanced disease than
originally suspected. Analysis of all eligible patients showed a
higher 3-year PFS rate (36.2%) in the chemotherapy plus sur-
gery arm than in the surgery alone arm (28.1%) (HR, 0.77; p �
.041). When patients who were unresectable were excluded
from the analysis (17% in both arms), those who completed
surgery had a significantly higher 3-year PFS rate, 33.2% ver-
sus 42.4% (HR, 0.73; p � .025). Seventy-nine percent of those
allocated to chemotherapy completed the planned six preoper-
ative cycles, and 44% completed the planned six postoperative
cycles, suggesting that this regimen is not well tolerated, at
least after liver resection. Chemotherapy led to a higher post-
operative complication rate (25% versus 16%; p � .04), but all
complications were reversible. Seven percent of the patients
randomized to neoadjuvant chemotherapy were rendered un-
resectable because of progressive disease while on treatment.
That study indicated a benefit for perioperative chemotherapy,
but it is still uncertain whether the benefit seen relates to the
neoadjuvant or adjuvant component of the chemotherapy.

Better patient selection will allow patients to receive the
greatest benefit from neoadjuvant chemotherapy. A retrospec-

tive review of data from the LiverMetSurvey International
Registry by Adam et al. [28] analyzed 1,417 patients with ini-
tially resectable, metachronous, single lesion, liver-limited
mCRC who had either upfront surgery or neoadjuvant chemo-
therapy and then surgery. The OS rate in both the surgery only
group and the surgery plus chemotherapy group was 60% (p �
.57). In those with tumors �5 cm, postoperative chemotherapy
resulted in a higher 5-year OS rate than in those who did not
receive postoperative chemotherapy (58% versus 33%; p �
.01). In those with a lesion �5 cm, neoadjuvant chemotherapy
did not affect the survival outcome.

A study titled “A Trial in the Timing of Surgery and Adju-
vant Chemotherapy for Hepatic Metastases from Colorectal
Cancer (ATTACHE), developed by the Australasian Gastro-
intestinal Trials Group (AGITG), is currently recruiting and
will address this issue of timing of chemotherapy in relation to
surgery. It is a RCT comparing EORTC-style preoperative and
adjuvant chemotherapy with adjuvant chemotherapy alone us-
ing oxaliplatin and 5-FU or capecitabine in patients with
initially operable liver metastases from CRC. A small
nonrandomized comparison of neoadjuvant or adjuvant
chemotherapy in patients with initially resectable liver metas-
tases did not find an OS or DFS difference between the strate-
gies [29].

CAN CHEMOTHERAPY RELIABLY CONVERT
UNRESECTABLE METASTASES TO RESECTABLE?
For the last two decades, some broad-based trials in mCRC
have included patients with liver metastases that became re-
sectable with curative intent after a period of chemotherapy,
and around 6%–9% of these were resected [11, 14]. In this set-
ting of potentially resectable liver metastases, tumor response
is critical to allow surgery to occur [30]. De Gramont et al. [11]
confirmed that the addition of oxaliplatin to 5-FU–LV was
beneficial, resulting in a 50.7% response rate, versus 22.3% us-
ing 5-FU–LV alone, with maximum response at 9 weeks and
12 weeks, respectively. In a randomized comparison, FOL-
FOX6 and FOLFIRI were equivalent in the metastatic setting,
with response rates of 54% and 56% and median times to re-
sponse of 1.8 months and 2.1 months [14]. These data suggest
that over half of all patients with potentially resectable disease
could be rendered resectable by pretreatment with irinotecan-
or oxaliplatin-based chemotherapy.

In studies of patients specifically selected with the aim of
curative resection, when the initial disease is borderline or un-
resectable, the resection rates after chemotherapy are actually
much higher than in unselected patient groups. Adam et al. [7]
published a case series of 1,104 patients with initially unresect-
able liver metastases who were given chemotherapy, in which
12.5% were able to be resected. In another French study, by
Bismuth et al. [31], including 330 patients, neoadjuvant
FOLFOX allowed a 16% resection rate, with 36% of those re-
sected surviving disease free after a median of 42 months of
follow-up. Chemotherapy was given for a median of 8 months
preoperatively and for 6 months postoperatively. In a similar
Italian study in 40 patients treated with preoperative FOLFIRI
for 3– 6 months followed by 3 months of postoperative
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FOLFIRI, 13 (32.5%) became resectable and the median DFS
duration was 14 months [32]. A 70.4% response rate was
achieved in a more recent study using 5-FU–LV, oxaliplatin,
and irinotecan (FOLFOXIRI) in this population of patients
with potentially resectable metastases to the liver, lung, peri-
toneum, and lymph nodes [33]. Nineteen percent of patients
were resected and the 5-year DFS rate was 29%, at a cost of
more toxicity. In addition, the four studies described above
have shown that repeat hepatic resection for recurrent liver me-
tastases is feasible and effective [7, 31–33].

The value of the addition of biological agents to chemo-
therapy in the setting of resectable or potentially resectable
liver metastases remains uncertain. Results with biological
agents have been variable in the limited literature available,
comprising mostly phase I–II data. First-line bevacizumab
plus oxaliplatin and 5-FU leads to a longer PFS interval in
mCRC patients than with oxaliplatin and 5-FU plus placebo,
but it does not influence the response rate or OS time [18]. In
that study population, who were not selected with the aim of
resecting metastases, 8.4% of patients in the bevacizumab-
containing arm became resectable, versus 6.1% of patients in
the placebo arm (p-value not reported). The number who actu-
ally had an R0 resection was not available at the time of the
report. In a phase II study of 58 patients selected as potentially
resectable and given neoadjuvant capecitabine and bevaci-
zumab, the response rate was 73.2%, with only 5.4% progress-
ing during the six preoperative cycles [34]. Metastasectomy
was performed on 92% of these high-risk patients. In that
study, bevacizumab was withheld 5 weeks before and 5 weeks
after surgery, and there were low rates of adverse effects, as
listed in Table 1. Six percent of patients required blood trans-
fusions. Collectively, these studies demonstrated that bevaci-
zumab is feasible in the perioperative setting, with no material
impact on surgical complication rates, and it might possibly
contribute to better outcomes. However, efficacy needs to be
tested formally in a RCT.

Cetuximab has been studied in the setting of resectable or
potentially resectable liver metastases. Van Cutsem et al. [19]
added cetuximab to FOLFIRI, which allowed metastasectomy
in 7.0% of patients, versus 3.7% of patients in the FOLFIRI
alone arm, with a low R0 resection rate (4.8% versus 1.7% of
the total population). However, these patients had various
manifestations of mCRC and were not selected as potential
liver resection candidates. A randomized phase II comparison
of cetuximab with either FOLFOX6 or FOLFIRI in 114 pa-
tients with potentially resectable liver-limited mCRC showed
that downstaging and subsequent R0 resection were possible in
38% and 30% of patients, respectively [35]. A higher response
rate was noted when the patients were retrospectively stratified
by KRAS mutational status, and resectability in the wt KRAS
group increased from 32% at baseline to 60% after chemother-
apy. Toxicity from chemotherapy included skin reactions, neu-
tropenia, and neuropathy; one patient died as a result of a
pulmonary embolus and one died as a result of disease progres-
sion and diarrhea. The operative complications were not sub-
stantially different. Again, that study indicates that
preoperative cetuximab is feasible and might contribute to

greater resectability in the wt KRAS subgroup, but further con-
firmatory studies are required before a definitive conclusion
can be reached.

WILL NEOADJUVANT TREATMENT INCREASE
SURGICAL COMPLICATIONS?
The safety of preoperative chemotherapy is of concern to liver
surgeons, because perioperative mortality and morbidity have
the potential to be exaggerated by drug toxicity. There are re-
ports that both irinotecan- and oxaliplatin-based regimens
damage the liver and affect morbidity (Tables 1 and 2) [27, 32,
33, 35, 45, 46]. Whether or not judiciously administered che-
motherapy affects long-term outcomes is still the subject of de-
bate and clinical investigation.

The form of steatosis associated with irinotecan is catego-
rized as nonalcoholic steatohepatitis (NASH), and the subse-
quent accumulation of lipids in the liver causes fibrosis [36].
Although the precursor to NASH, fatty liver, is most often be-
nign, inflammation associated with NASH leads to cirrhosis in
9%–20% of cases, of whom 40%–60% develop liver failure or
hepatoma within 5–7 years. Considering that fatty liver is the
most common form of chronic liver disease in the western
world, its presence has implications for the agents being given.
FOLFIRI has been implicated in steatohepatitis in 4%–28% of
patients, and in one study, those with steatohepatitis had a
higher 90-day mortality rate (14.7% versus 1.6%) [37, 38]. A
2010 review analyzed 334 consecutive surgical specimens and
showed a 33% rate of steatosis, but the only independent risk
factor identified was a body mass index �30 kg/m2, and the 50
patients who were given neoadjuvant irinotecan did not have a
significantly higher rate of steatosis or steatohepatitis [39].
NASH is more likely with longer durations and higher total
doses of irinotecan, as shown in Figure 1, so clinicians should
exercise caution in its use in the perioperative setting.

Oxaliplatin was shown to cause sinusoidal dilatation (Fig.
2), perisinusoidal fibrosis, and fibrotic venular occlusion in a
histopathology series by Rubbia-Brandt et al. [40]. In that re-
port, 78% of patients had sinusoidal dilatation, but no correla-
tion with morbidity or mortality was reported. There is
conflicting evidence about whether or not FOLFOX influences
the rates of bleeding, wound infection, or perioperative death
[27]. A 2006 series by Vauthey et al. [38] examined biopsies
after FOLFOX, showing that 19% had sinusoidal dilatation,
but no greater surgical morbidity or mortality was seen. Aloia
et al. [41] found that, in patients treated with FOLFOX, 19%
had sinusoidal dilatation, which was associated with greater
morbidity but did not affect mortality. In the EORTC 40983
study, the surgical complications with significant differences
between preoperative FOLFOX chemotherapy and surgery
alone were overall morbidity (25% versus 16%), biliary fistu-
lae (8% versus 4%), hepatic failure (7% versus 5%), and intra-
abdominal infection (7% versus 2%), but the postoperative
mortality rate was not higher [27]. A more recent case series of
196 patients correlated liver histology with long-term out-
comes and found that those treated with oxaliplatin, with a tu-
mor size �5 cm, and with an elevated alkaline phosphatase or
�-glutamyl-transferase level were more likely to develop
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grade 2 or 3 sinusoidal dilatation and had a significantly
shorter relapse-free survival interval (HR, 2.05; p � .005) and
a higher rate of intrahepatic recurrence (66.7% versus 30.5%;
p � .003) [42]. In that study, NASH and fibrosis were not as-
sociated with a worse survival outcome.

A higher response rate can be achieved by combining ox-
aliplatin, irinotecan, and 5-FU–LV, but at a cost of greater tox-
icity. A review of liver histology adjacent to metastases after
neoadjuvant FOLFOXIRI showed that 100% of specimens had
sinusoidal dilatation (grade 1, 52%; grade 2, 48%), 78% had
steatosis (grade 3, 5%), and 5% had steatohepatitis [33]. There
were no deaths in the 3 months after surgery. Up to six cycles
(3 months) of chemotherapy has been shown to be safe, but a
longer duration of chemotherapy results in a greater surgical
morbidity rate [43]. That analysis suggests that short preoper-

ative regimens using all three drugs are feasible and might be a
way forward in significantly downstaging liver metastases be-
fore resection.

The changes caused by neoadjuvant chemotherapy can
persist for up to 4 months; however, the surgical risk appears
highest in the month after the last dose. A case series of 750
consecutive hepatic resections demonstrated that, if surgery is
performed within 4 weeks of chemotherapy, there is an 11%
complication rate, compared with a 5.5% rate at 5–8 weeks
and a 2.6% rate at 9–12 weeks postoperatively (p � .0009)
[44].

Bevacizumab can cause bleeding, delayed wound healing,
and bowel perforation, but if it is withheld for 4–6 weeks be-
fore and after surgery, complication rates are not greater [45].
Cetuximab has not been shown to cause greater surgical mor-

Table 1. Incidence of histological liver toxicity according to preoperative chemotherapy

Pathology of normal
liver, %

Aloia et al. [41] Masia et al. [33] Karouia et al. [43]

Surgery 5-FU–LV FOLFOX FOLFOXIRI Surgery FOLFOX, FOLFIRI, 5-FU

Sinusoidal dilatation 12 30 19 100 14 50a

Steatosis 12 26 8 78 63 56

Fibrosis 35 83 48 – 32 42
ap � .05.
Abbreviations: 5-FU, 5-fluorouracil; FOLFIRI, 5-FU, leucovorin, and irinotecan; FOLFOX, 5-FU, leucovorin, and
oxaliplatin; FOLFOXIRI, 5-FU, leucovorin, oxaliplatin, and irinotecan.

Table 2. Clinical toxicity and operative morbidity following conversion chemotherapy
Pozzo

et al. [32]
Nordlinger
et al. [27] Falcone et al. [46]

Masi et al.
[33] Karoui et al. [43]

Kesmodel
et al. [45]

Folprecht
et al. [35]

Toxicity (%) FOLFIRI

FOLFOX
versus
surgery FOLFIRI FOLFOXIRI FOLFOXIRI

Surgery with or
without FOLFOX,
FOLFIRI, 5-FU Chemotherapy

Chemotherapy �
bevacizumab

FOLFOX �
cetuximab

FOLFIRI �
cetuximab

Mucositis 5 7 Nil 3 5 – –

Diarrhea grade 3–4 12.5 8 Nil 12 20 9 18

Hepatic toxicity
grade 3

– 3 Nil – – – –

Febrile neutropenia
grade 3–4

5 1/1 Nil 3 5 – –

Neutropenia grade
3–4

35 19/12 Nil 28 50a 24 22

Thrombocytopenia – 1 Nil 1 2 11 0

Operative morbidity

60-day mortality 0 1 1 0 0 0 2 1 9 0

Postoperative
complications

– 25 16 27 13 37a 43 49 32 39

Bleeding – 2 2 – 4 2 0 1 4 4

Biliary fistula – 8 4 5 0 2 11 5 4 4

Hepatic failure – 7 5 8 0 11 5 1 4 0

Wound infection – 3 2 5 – – 25 29 0 17a

Intra-abdominal
infection

– 7 2 – 4 9 2 9 – –

PE/DVT – 1 1 – 4 4 – – – –

Reoperation – 3 2 – 4 2 0 3 – –

ap � .05.
Abbreviations: DVT, deep venous thrombosis; 5-FU, 5-fluorouracil; FOLFIRI, 5-FU, leucovorin, and irinotecan; FOLFOX,
5-FU, leucovorin, and oxaliplatin; FOLFOXIRI, 5-FU, leucovorin, oxaliplatin, and irinotecan; PE, pulmonary embolism.
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bidity and mortality when combined with chemotherapy be-
fore liver resection [11, 19].

WHO SHOULD HAVE THEIR LIVER RESECTED?
An expert consensus statement of criteria for technical resect-
ability proposed that a minimum of 20% of the initial liver vol-
ume should remain after surgery (or greater if there is pre-
existing liver disease), formed of at least two contiguous
segments with adequate biliary drainage and vascular inflow

and outflow [10]. Several scores have been used in an attempt
to prospectively evaluate and select patients who are most
likely to benefit from liver resection. An evaluation of the
scores proposed by Nordlinger, Fong, Iwatsuki and the Mayo
Clinic did not reveal one that was clearly better, showing pre-
diction of the 5-year survival rate to be slightly better than
chance [47]. An additional predictive score, the Basingstoke
Index, describes six preoperative criteria that stratify the risk
for recurrence and cancer-specific mortality [5]. The predic-
tors of poor survival were: more than three hepatic metastases,
a node-positive primary, a poorly differentiated primary, ex-
trahepatic disease, tumor diameter �5 cm, and a carcinoem-
bryonic antigen (CEA) level �60 ng/mL. Patients in the worst
prognostic category had a median cancer-specific survival
time of 0.7 years, compared with those in the best category,
who had a median cancer-specific survival time of 7.4 years.
These clinical risk scores are not predictive prior to neoadju-
vant chemotherapy but have been found to be predictive after
neoadjuvant therapy has been given, prior to liver resection be-
ing performed [48].

The appropriate selection of patients for liver resection is
critical if the outcomes seen in clinical trials are to be repro-
duced in the general clinical setting. The OncoSurge model is
a computer program protocol for resectability that was devel-
oped using a validated method to assess 252 cases being con-
sidered for hepatic resection [49]. Upfront resection was
appropriate in those who had four or fewer metastases in an
otherwise normal liver, unilobar involvement, adequately ra-
diologically defined margins, and the absence of portal ade-
nopathy. Surgery after neoadjuvant chemotherapy was
suggested if there was a response in those with more than four
lesions and those with portal adenopathy. Absolute contrain-
dications are liver failure, unresectable extrahepatic disease,
�70% liver involvement, and being surgically unfit. Factors

Figure 1. Liver metastases before and after combination chemo-
therapy. (A): Pretreatment portal venous phase computed tomog-
raphy (CT) scan showing extensive bilobar liver metastases. (B):
Post-treatment portal venous phase CT scan showing fibrostea-
totic replacement of metastases and nodular, contracted, steatotic
liver, consistent with chemotherapy-associated steatohepatitis.
Patient had received 12 months of capecitabine, irinotecan, and
bevacizumab. (C): Fused CT–18F-fluorodeoxyglucose positron
emission tomography scan after 12 months of chemotherapy
showing complete response of liver metastases.

Figure 2. Sinusoidal dilatation in liver parenchyma of a patient
who had received eight cycles of neoadjuvant 5-fluorouracil, leu-
covorin, and oxaliplatin (FOLFOX4) prior to liver resection. This
specimen was taken from tissue unaffected by metastases. Hema-
toxylin and eosin stain. Image courtesy of Dr. Anna Price, Depart-
ment of Anatomical Pathology, John Hunter Hospital, NSW,
Australia.
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that did not influence the treatment strategy were age, primary
tumor stage, timing of metastasis detection, past blood trans-
fusion, liver resection type, preresection CEA level, and pre-
vious hepatectomy. The OncoSurge model was validated
against the recommendations made for 98 patients at a British
hepatobiliary referral center multidisciplinary meeting, show-
ing concordance in 93 of the 98 cases (� � 0.850) [50]. It is a
useful tool for hepatobiliary surgeons to facilitate management
decisions, particularly when there is uncertainty about the
risk–benefit ratio of liver resection.

The small number of patients (4%) in whom liver lesions
disappear with preoperative chemotherapy represents a man-
agement challenge for surgeons (Fig. 1). In those who manifest
a complete radiologic response, resection of the affected liver
segments should still be performed because there is a poor cor-
relation with pathologic response, with the vast majority of pa-
tients having viable tumor still present [51]. A randomized trial
of 150 patients with mCRC who were being considered for
liver resection showed that combined 18F-fluorodeoxyglucose
positron emission tomography (PET) and computed tomogra-
phy (CT) led to fewer futile laparotomies than with CT alone
(28% versus 45% futile laparotomies; p � .042) [52]. A futile
laparotomy was defined as subtotal tumor clearance, having
revealed benign disease, or a DFS period �6 months. A sys-
tematic review of studies comparing CT with PET–CT for de-
tecting liver metastases from CRC found that PET–CT had a
higher accuracy for the detection of extrahepatic and hepatic
metastases and for predicting local recurrence [53]. An obser-
vational study of 100 patients who had PET–CT staging prior
to liver resection demonstrated a 5-year OS rate of 58%, which
is superior to comparable historical survival data [54]. Of the
cohort studied, 52 patients had synchronous metastases, 63 pa-
tients had single lesions, lesions were unilateral in 78 patients,
lesions were �5 cm in diameter in 60 patients, margins were
�1 cm in 52 patients, and 75 patients had a major resection
(more than three segments). None of the studies described
above involved patients who were given neoadjuvant chemo-
therapy. PET imaging has less sensitivity if performed within 4
weeks of the last dose of neoadjuvant chemotherapy, which
limits its ability to assess response.

Second and third resection of recurrent liver metastases is
possible in a subset of patients, leading to a 39% 5-year sur-
vival rate in those with hepatic only recurrence [55]. In this
small subgroup, R0 resection and an interval �1 year between
hepatectomies were independent predictors of survival [56].

THE ROLE OF ADJUVANT CHEMOTHERAPY AFTER
LIVER RESECTION
Given that there is established evidence for adjuvant treatment
of node-positive CRC, it could be assumed that adjuvant ther-
apy after liver resection is mandatory, but this has not been
proven to be the case. The Multicenter International Study of
Oxaliplatin/5-Fluorouracil/Leucovorin in the Adjuvant Treat-
ment of Colorectal Cancer (MOSAIC) trial showed that the
5-year DFS rate using FOLFOX was superior to that of
5-FU–LV (66.4% versus 58.9%; p � .005) in patients with re-
sected stage III CRC [57]. Irinotecan plus 5-FU–LV has not

been shown to be superior to 5-FU–LV in the adjuvant setting
[58]. The overall mortality rate is 40% higher if there is a delay
�2 months before adjuvant chemotherapy is started [59]. In
one study, after resection of CRC liver metastases, adjuvant
5-FU–LV resulted in a greater 4-year DFS rate, 42% versus
32% (p � .28), than with surgery alone, but did not affect the
OS outcome [60]. A systematic review and meta-analysis of
four studies of perioperative chemotherapy around the time of
liver resection found no OS benefit (HR, 0.74; 95% confidence
interval [CI], 0.53–1.04) but did find a recurrence-free survival
benefit of 25% (HR, 0.75; 95% CI, 0.62–0.91) [61]. The OS
results did not include the larger EORTC study, which may
change the findings. The studies were of the older 5-FU regi-
men, except for the EORTC study, which used FOLFOX4. A
comparison of FOLFIRI and 5-FU–LV showed no DFS or OS
benefit and additional toxicity with the irinotecan-containing
regimen [62]. A retrospective analysis of FOLFOX or
FOLFIRI versus 5-FU–LV for metachronous disease showed a
benefit to the pooled results of the former, but the majority of
patients did not have previous oxaliplatin- or irinotecan-con-
taining regimens [63]. Bevacizumab added to modified
(m)FOLFOX6 and cetuximab added to mFOLFOX6 in pa-
tients with wt KRAS tumors have not been shown to have ben-
efit in the adjuvant setting after resection of stage II or stage III
CRC [64, 65]. Therefore, the addition of either of these biolog-
ical agents to chemotherapy after liver resection cannot be sup-
ported until there are high quality data available. The
upcoming AGITG ATTACHE study is anticipated to deter-
mine if neoadjuvant therapy adds a PFS benefit to adjuvant
therapy alone.

THE ROLE OF LOCAL TREATMENTS FOR
LIVER METASTASES
Local ablative methods may be employed in the management
of liver metastases from mCRC, if resection is not considered
optimal, or if curative resection is not feasible. The options in-
clude radiofrequency ablation (RFA), portal vein embolization
(PVE), hepatic arterial infusional (HAI) chemotherapy,
yttrium-90 embolization, cryotherapy, and microwave ther-
apy. The results for RFA are variable, with 5-year survival
rates of 14%–55% and local recurrence rates 3.6%–60%, with
low morbidity and mortality [66]. Resection produces a better
survival outcome than resection plus RFA or RFA alone [67].
Selective PVE involves obstructing the right or left portal vein
to cause atrophy of the half of the liver supplied by that vein
and hypertrophy of the liver remnant [68]. This technique can
allow surgery in those who would otherwise not have been sur-
gical candidates because of inadequate hepatic reserve. A two-
stage hepatectomy can be performed if the liver metastases
cannot be removed in one procedure, whereby metastases
within the future liver remnant are resected and after 2–3
months a major hepatectomy of the lobe with the remaining
metastases is performed [69].

HAI chemotherapy is delivered by a surgically implanted
catheter into the segment of the liver affected by metastases. It
delivers the dose directly to the tumor on the premise that mac-
rometastases (�0.5 cm) derive �80% of their blood supply
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from the hepatic artery, in contrast to hepatocytes, which are
supplied by the portal circulation [70]. Table 3 shows results
from randomized studies of HAI chemotherapy [73–77]. A
systematic review of seven studies involving 592 patients re-
ceiving HAI chemotherapy in the adjuvant setting did not find
any OS benefit (HR, 1.089; 95% CI, 0.887–1.334) [71]. Radi-
ation can be delivered to metastases via infusion of yttrium-90
microspheres (SIR-Spheres) into the hepatic artery, which
lodge in the hepatic microcirculation, but this is mainly used in
the palliative setting [72].

WHAT IS THE OPTIMAL TIMING OF
LIVER RESECTION?
In those who present with synchronous primary and metasta-
ses, controversy exists over which patients should have simul-
taneous versus staged surgery. Martin et al. [78] consider
resection of the primary lesion and liver metastases at the same
time as being preferable if adjuvant chemotherapy is planned,
to minimize the delay before starting systemic treatment. In
that retrospective series comparing simultaneous with staged
surgery, there was no obvious difference in surgical outcomes
except for length of stay. The liver lesion size and number and
the proportion of major hepatectomies (32% versus 33%) were
similar, and the length of stay was 10 days for simultaneous
versus 18 days for staged procedures (p � .001). Contrary to
this view, a retrospective review of 135 simultaneous and 475
staged procedures showed that the mortality rate was similar if
a minor hepatectomy was performed (1% for simultaneous
versus 0.5% for staged), but there was a higher mortality rate in
those who had a major hepatectomy performed at the same
time as colectomy (8.3% for simultaneous versus 1.4% for
staged) [79]. A systematic review of 16 controlled trials
showed that the 5-year survival rates in patients with staged
and synchronous resections are similar; however, the groups
are not directly comparable and there are no randomized data
[80]. Synchronous surgery has traditionally been limited to
right-sided primaries and those with less extensive hepatic dis-
ease, but Capussotti et al. [81] challenged this view with a re-
port of safe and effective major hepatectomies for left-sided
and rectal tumors. In that study of 79 patients, they found that
the overall morbidity rate was higher (56.3% versus 32.6%;
p � .0369) and hospital stay was longer (20.5 days versus 13.9

days; p � .00001) in the delayed surgery group when both pro-
cedures were considered together. The rates of blood and
plasma transfusions were higher in patients with synchronous
resections—41.9% versus 16.7% (p � .0131) and 54.8% ver-
sus 31.3% (p � .0370), respectively. Patients who have larger
or more numerous liver lesions, comorbidities, and left-sided
colonic tumors are more likely to have a staged resection; how-
ever, with the above data there is a trend toward extending the
criteria for simultaneous surgery [80].

There is evidence that recurrence rates are worse, and pos-
sibly similar to those seen with observation alone, if there is a
delay �8 weeks in starting adjuvant chemotherapy after resec-
tion of a colonic primary without metastases [82]. This sug-
gests that a simultaneous procedure may be preferential in
those who are planned to have adjuvant chemotherapy, be-
cause a staged procedure would cause a substantial delay in
starting chemotherapy. Alternatively, these patients may ben-
efit from neoadjuvant chemotherapy, although there are no
data to support this approach. Some advocate a delay in liver
resection to allow the biological behavior of the tumor to be-
come evident [83]. No difference in survival outcome was seen
in a retrospective review of 73 patients who were either oper-
ated on immediately or given a period of observation, although
that study was not likely to have detected modest-sized effects
[84]. A high proportion of patients considered eligible for liver
resection (especially those patients with poor prognostic fea-
tures) are likely to have occult metastases at the time of initial
evaluation. If, in the waiting period, new liver lesions develop
outside the proposed resection margins or other metastatic
sites develop, then upfront surgery is unlikely to result in a sur-
vival benefit.

If neoadjuvant chemotherapy is given, the intention is to
provide maximal shrinkage of liver lesions to facilitate surgery
as well as to control micrometastatic disease. Ideally, the du-
ration of treatment would be long enough to maximize re-
sponse but short enough to minimize toxicity and surgical
morbidity. In a study by de Gramont et al. [11], the median
time to response with FOLFOX was 9 weeks. Time to maximal
response is seldom reported in large, randomized trials. A
study of 35 patients on neoadjuvant FOLFOX and bevaci-
zumab found that the maximal response occurred at 2– 4
months, with no significant incremental response at 4 – 6

Table 3. Randomized studies of HAI chemotherapy with or without systemic chemotherapy in the perioperative period

Study Modality n

Median OS (mos) Median RFS (mos)

HAI Control p-value HAI Control p-value

Wagman et al. (1990) [73] HAI floxuridine 11 37.3 28.3 .66 30.8 8.7 .03

Lygidakis et al. (1995) [74] Immunotherapy � HAI 5-FU 40 20 11 �.001 – -

Lorenz et al. (1998) [75] HAI 5-FU 226 34.5 40.8 .15 21.6 24 .72

Kemeny et al. (1999) [76] Systemic 5-FU with or without
HAI floxuridine

156 72.2 59.3 .03 31.3 17.2 .02

Kemeny et al. (2002) [77] Systemic 5-FU � HAI
floxuridine

109 34.2 47.5 .19 Not reached 20.2 .03

Abbreviations: 5-FU, 5-fluorouracil; HAI, hepatic arterial infusional; OS, overall survival; RFS, relapse-free survival.
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months [85]. Three months of chemotherapy has been shown
to be safe, as described above, and so 9–16 weeks of treatment
seems ideal.

It is less clear what should be done if adjuvant therapy has
been given after resection of a stage III primary colonic tumor
and hepatic metastases develop at a later date. If chemotherapy
is required, the choice of regimen is based on expert opinion—
whether to retreat with the same drugs or to switch to an alter-
native on the assumption that the initial agents did not provide
sufficient disease control. There are no studies reported or un-
der way that address this question. A disease-free interval �6
months normally suggests resistance and that a second-line
regimen should be considered. When isolated liver metastases
recur after partial hepatectomy, second and third liver resec-
tions are reported as safe and continue to result in superior
5-year OS rates, with survival rates of 34% and 32%, respec-
tively [86, 87]. Adam et al. [87] reported on a prospective da-
tabase of 883 hepatectomies, of which 615 were first, 199
(32%) were second, 60 (30% of those who had a second resec-
tion) were third, and nine (15% of those who had a third resec-
tion) were fourth resections of liver metastases, showing a
favorable survival outcome compared with those who did not
have repeat resections. This approach is aggressive, and in
many centers a very small minority of patients would be of-
fered so many repeat procedures.

CONCLUSION
For patients who present with mCRC confined to the liver, re-
section of the primary tumor and the metastases should be per-
formed in a simultaneous procedure if feasible. Those who
have bilobar metastases, significant comorbidities, a rectal pri-
mary, more than three metastases, a technically difficult co-
lonic resection, or are treated in centers where there is no
access to a hepatobiliary unit should be considered for a staged
resection. In those with high-risk features, neoadjuvant che-
motherapy provides an opportunity to gather information on
the biological activity of the tumor and its chemoresponsive-
ness, in addition to improving resectability. The aim is to avoid
a futile liver resection; however, there is evidence that, despite
progression on chemotherapy in initially resectable disease,
the 5-year survival rates are respectable. Local treatments such
as RFA and HAI chemotherapy are inferior to R0 hepatec-
tomy, but when used judiciously they prolong survival in pa-
tients with unresectable disease. PVE can cause hypertrophy of
future liver remnant to allow sufficient hepatic reserve after re-
section.

Perioperative chemotherapy results in longer DFS and OS
times. It is not clear whether it is the neoadjuvant or the adju-
vant component that provides the benefit. There is likely to be

a subgroup of patients who benefit from having neoadjuvant
chemotherapy, but it is not recommended for all patients with
initially resectable disease. It is a reasonable approach to give
neoadjuvant and adjuvant FOLFOX with or without bevaci-
zumab to high-risk patients with initially resectable disease.
These include those with multiple lesions and lesions �5 cm.
Enthusiasm for giving all resectable patients neoadjuvant che-
motherapy is tempered by liver toxicity, greater morbidity and
possibly mortality, and the risk that a patient may progress and
become unresectable in the intervening period.

In patients who are initially unresectable, there are effec-
tive options for conversion into surgical candidates. FOLFOX
plus bevacizumab is effective and has a favorable side-effect
profile, whereas irinotecan carries a higher risk for hepatic tox-
icity. Cetuximab and FOLFIRI or FOLFOX can be considered
for patients with wt KRAS tumors as conversion therapy; how-
ever, irinotecan causes a higher risk for steatohepatitis with an
attendant slightly higher surgical complication rate. A maxi-
mum of six cycles of chemotherapy is recommended. The role
of purely adjuvant therapy after initial resection of liver me-
tastases, whether synchronous or metachronous, is not well de-
fined. Adjuvant FOLFOX is recommended on the basis of data
in patients with stage III CRC, and studies such as ATTACHE
will clarify the role of chemotherapy in this subgroup of pa-
tients. Cetuximab and bevacizumab currently do not have ev-
idence to support their use after liver resection. In patients who
have had adjuvant chemotherapy and experience a hepatic re-
currence that is resected, it is not clear if there is a benefit to
adjuvant therapy, let alone which agents to use. FOLFOX or
XELOX or FOLFIRI or XELIRI for six cycles is recom-
mended. Depending on the initial response and disease free in-
terval, a regimen may be reused or an alternative strategy may
be pursued. What is known is that liver resection provides the
only reasonable possibility for cure of mCRC and that the rate
of resection can be increased by judicious use of cytotoxic and
targeted agents.

Studies are under way to investigate the role of neoadju-
vant and adjuvant cetuximab and bevacizumab, the combina-
tion of chemotherapy and HAI chemotherapy in the adjuvant
setting, whether or not neoadjuvant and adjuvant chemother-
apy is better than adjuvant chemotherapy alone, and the role of
bevacizumab and chemotherapy then surgery and RFA.
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