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Abstract
Surgical resection of liver metastases of colorectal 
cancer greatly improves the clinical outcome of pa-
tients with advanced disease. Developments in che-
motherapeutic agents and strategies bring hope of a 
cure to patients with initially unresectable colorectal 
liver metastases (CLM). Perioperative chemotherapy 
significantly improves the survival time of patients who 
receive curative-intent hepatectomy. Even for unre-
sectable CLM, recent studies demonstrated that active 
preoperative chemotherapy could achieve shrinkage 
of liver metastasis and thus render some for resection. 
Furthermore, an increase in tumor resection rate and 
prolonged survival time among patients with CLM has 
been observed following the application of monoclonal 
antibodies in recent years. However, the value of che-
motherapy via  hepatic arterial infusion is still unclear. 
More trials should be conducted in patients with CLM in 
order to improve survival.
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INTRODUCTION
Colorectal carcinoma is one of  the most common causes 
of  cancer-related mortalities in both China and the West-
ern world. Almost 50% of  patients with colorectal cancer 
will eventually develop liver metastases during the natural 
course of  the disease and 25% of  patients present with 
liver metastases at the time of  diagnosis. One third of  
patients with liver metastases have an isolated metastatic 
site limited to the liver, and the survival of  this specific 
population is directly related to the progression of  the 
hepatic lesions[1]. The management of  patients with 
untreated colorectal liver metastases (CLM) remains a 
common clinical challenge as previous studies reported a 
median survival time of  4 mo[2]. 

The treatment goal for patients with limited CLM is 
to remove all evidence of  disease for better long-term 
survival or even cure. Historically, only a minority of  pa-
tients (10%-15%) are considered candidates for resection 
with overall 5-year survival rates ranging between 25% 
and 40%[3]. Significant advances have been achieved in 
the management of  CLM in recent years, with improve-
ment in the precision of  cross-sectional imaging, surgi-
cal techniques, locoregional therapeutic options, and the 
availability of  newer effective chemotherapeutic agents. 
A multimodality treatment approach for patients with 
resectable CLM results in more patients being considered 
for resection and better outcome has been noted, where 
resectability rate increased to 20%-30%, 5-year survival 
rate increased to 50%, and 25% of  patients survived for 
not less than 10 years[4,5]. For the time being, although 
there are still many incurable cases in the most advanced 
stage, the course of  progression can be greatly slowed by 
multimodality treatment encompassing surgery, chemo-
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therapy and interventional locoregional therapy.
Even though surgical resection remains the mainstay 

of  potentially curative therapy, the role of  systemic pre-
operative chemotherapy has been gradually recognized. 
Standard chemotherapy regimens comprising 5-fluoroura-
cil (5-FU) plus leucovorin (LV) in combination with iri-
notecan (FOLFIRI) or oxaliplatin (FOLFOX) have been 
reported to facilitate a resection rate of  9%-40% among 
patients with initially unresectable CLM[6,7]. Perioperative 
chemotherapy for those with resectable liver lesions con-
fers a potential survival advantage. Moreover, mounting 
evidence suggests that the addition of  targeted agents or a 
third cytotoxic agent might be even more effective[8]. 

In this review, we will focus mainly on updates in sys-
temic chemotherapy for CLM, and a short discussion on 
regional interventional chemotherapy will also be presented.

SYSTEMIC POSTOPERATIVE 
CHEMOTHERAPY FOR RESECTABLE 
LIVER METASTASES 
Currently, postoperative systemic chemotherapy for re-
sectable CLM, a common practice, carries the same goal 
as that for stage Ⅲ colorectal cancer to effectively enhance 
the local disease control rate. However, in contrast to the 
well-established benefit noted for adjuvant chemotherapy 
for stage Ⅲ colorectal cancer, there has been few high 
quality randomized studies to formally evaluate the ben-
efits of  adjuvant chemotherapy for CLM, despite the fact 
that improved survival and reduced recurrence rates have 
been demonstrated in retrospective studies[9]. In a multi-
center, phase Ⅲ Fédération Francophone de la Cancérolo-
gie Digestive Association Française de Chirurgie Hépato-
Biliaire et de Transplantation Hépatique Association 
Universitaire de Recherche en Chirurgie (FFCD ACHBTH 
AURC ) 9002 trial, 173 patients who had undergone R0 
resection were randomized to surgery followed by bolus 
5-FU/LV for 6 mo with interval days of  10-35 or surgery 
alone[10]. The 5-year disease-free survival (DFS) rates were 
33.5% and 26.7% respectively (P = 0.028), suggesting a 
positive effect of  chemotherapy after surgery. There was 
a trend toward increased 5-year overall survival (OS) in 
patients who received chemotherapy without statistical sig-
nificance (51.1% vs 41.9%, P = 0.13). The study may have 
been statistically underpowered to detect a true difference 
in OS as a result of  early termination of  accrual due to 
low accrual rates. An another trial [European Organisation 
for Research and Treatment of  Cancer (EORTC)/Nation-
al Cancer Institute of  Canada Clinical Trials Group (NCIC 
CTG)/Gruppo Interdisciplinare Valutazione Interventi in 
Oncologia (GIVIO) trial] with a similar design, also closed 
prematurely due to slow accrual, but showed a trend to-
wards improved progression-free survival (PFS) and OS 
in the chemotherapy group. Multivariate analysis identified 
adjuvant chemotherapy as a significant independent prog-
nostic factor even though between-group comparison was 
insignificant[11]. Some large United States and European 
retrospective analyses further suggested an urgent need 

for patients with recurrent disease to receive adjuvant che-
motherapy and showed a better survival in resected CLM 
patients who received adjuvant therapy[12,13].

The choice of  regimen is the key to the success of  
chemotherapy after tumor resection. The 5-FU/LV regi-
men is less commonly used nowadays, but the efficacy 
of  combining 5-FU with oxaliplatin or irinotecan as 
postoperative chemotherapy for patients with resectable 
CLM remains to be elucidated. A randomized phase Ⅲ 
study comparing adjuvant 5-FU/LV with FOLFIRI in 
patients following complete resection of  CLM reported a 
median DFS of  24.7 mo and 21.6 mo for FOLFIRI and 
5-FU/LV, respectively, with no significant differences 
noted for DFS and OS, however, a trend in favor of  im-
proved DFS in patients treated with FOLFIRI could not 
be excluded[14]. At present, evidence to support signifi-
cant additional benefit using combination therapies for 
resectable CLM has not been established. Thus, the use 
of  postoperative therapy is individualized based on local 
practice as well-established data from clinical trials are not 
yet available. The expert panel of  the European Colorec-
tal Metastases Treatment Group recommends that sys-
temic chemotherapy following liver resection should be 
considered as an option for patients with resected CLM, 
particularly for those patients who did not receive preop-
erative chemotherapy[8].

PREOPERATIVE CHEMOTHERAPY FOR 
RESECTABLE CLM 
Rising enthusiasm for the role of  perioperative chemo-
therapy in cases of  operable carcinoma originating from 
the digestive system has been noted, including those with 
CLM. Convincing benefits of  preoperative chemotherapy 
on long-term survival in patients with CLM is still not 
well-established, but it is gradually being accepted as the 
rationale to improve PFS and reduce recurrence rates[15]. 
A ten-year study on survival and recurrence after neo-
adjuvant chemotherapy followed by resection of  liver 
metastases showed that the 1-, 3- and 5-year OS reached 
90%, 59.2% and 46.1%, respectively and DFS at 1, 3 and 
5 years was 68.1%, 34.8% and 27.9%, respectively. In 
addition, preoperative chemotherapy followed by liver 
metastases resection is associated with improved survival, 
low cancer involvement in resection margins and re-
resection rates[16]. In 2008, Nordlinger et al[17] published 
the final results of  the EORTC 40983 study, which com-
pared perioperative chemotherapy with oxaliplatin, fluo-
rouracil, and folinic acid (FOLFOX4) regimen to surgery 
alone in patients with resectable CLM. Patients were ran-
domly assigned to six cycles of  neoadjuvant FOLFOX4 
before and after surgery (n = 182) or to surgery alone (n 
= 182). The 3-year PFS was improved from 28.1% for 
the surgery-alone group to 36.2% for the perioperative 
FOLFOX4 group, an increase of  8.1% [hazard ratio (HR) 
= 0.77; P = 0.041] for all eligible patients and 9.2% (HR 
= 0.73; P = 0.025) for all resected patients. Additional 
reports on the application of  neoadjuvant chemotherapy 
came from a few prospective single-center clinical tri-
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als[18,19]. In one trial, 50 patients with resectable liver me-
tastases received neoadjuvant capecitabine plus oxalipla-
tin (XELOX) or FOLFOX4 for six cycles (3 mo) prior to 
surgical resection[20]. The results suggest that preoperative 
oxaliplatin-based chemotherapy provides high response 
rates (RRs) without increased risk of  perioperative mor-
bidity. The recurrence-free survival was significantly influ-
enced by tumor response to neoadjuvant chemotherapy, 
which may identify the best candidates for a potentially 
curative treatment. 

Perioperative chemotherapy with FOLFOX4 may be 
a possible treatment option for patients with resectable 
CLM, as prolonged PFS has been noted as mentioned 
above. Nevertheless, not all patients can be cured via sur-
gery with perioperative chemotherapy. 7% of  patients 
in the chemotherapy group in the EORTC 40  983 trial 
experienced disease progression after receiving 3-4 cycles 
of  chemotherapy. More active regimens should be tried to 
provide better results[17]. A recent non-randomized trial re-
vealed that the objective response following preoperative 
chemotherapy of  XELOX plus bevacizumab was 73% 
for a cohort of  56 patients, the treatment being safely 
administered until 5 wk prior to surgery in patients with 
resectable CLM without increasing postoperative compli-
cations[19]. Liver regeneration was not affected by preop-
erative bevacizumab. A large randomized clinical trial to 
evaluate the efficacy of  bevacizumab combined with pre-
operative chemotherapy would better assess the efficacy 
of  this preoperative regimen in patients with resectable 
CLM. Another study is currently ongoing in Britain to de-
termine if  the combination of  cetuximab with periopera-
tive chemotherapy could contribute to better survival.

At present time, no mature data is available to sup-
port the combination of  FOLFOX6, antibodies target-
ing both vascular endothelial growth factor (VEGF) and 
epidermal growth factor receptor (EGFR) in the periop-
erative setting. Therefore, a large multi-center EORTC 
40051 BOS (Biologics, Oxaliplatin and Surgery) trial was 
launched to evaluate the combination of  oxaliplatin-
based chemotherapy plus cetuximab with or without 
bevacizumab in a preoperative (6 cycles) and postopera-
tive (6 cycles) setting in patients with resectable CLM. 
Patients could have up to ten liver metastases, and up to 
two pulmonary metastases. The primary endpoints of  the 
BOS trial are preoperative RR and safety. However, based 
on the disappointing results from the Panitumumab 
Advanced Colorectal Cancer Evaluation (PACCE) study 
where the combination of  bevacizumab, panitumumab 
with chemotherapy was first-line therapy for advanced 
colorectal cancer[20], as well as the discouraging reports 
from combination chemotherapy with bevacizumab-ce-
tuximab in the CApecitabine, IRinotecan, and Oxaliplatin 
(CAIRO) 2 study[21], this study is temporarily on hold. 

CONVERSION CHEMOTHERAPY FOR 
INITIALLY UNRESECTABLE LIVER 
METASTASES 
Approximately 80%-90% of  patients with metastatic 

colorectal cancer (mCRC) referred to specialist centers 
have unresectable metastatic liver disease at presenta-
tion[22]. The role of  chemotherapy in these patient popu-
lations is to downstage the liver lesions in an attempt to 
convert their disease from unresectable to resectable, 
while the goal of  treatment for patients with little pos-
sibility of  conversion to resectable disease is to prolong 
survival and improve quality of  life.

Actually, it is more reasonable to use the term “con-
version chemotherapy” than true neoadjuvant therapy[23]. 
The combination of  5-FU/LV with either irinotecan or 
oxaliplatin, or a triple cytotoxic drug combination such 
as fluorouracil, leucovorin, oxaliplatin, and irinotecan 
(FOLFOXIRI), with or without additional targeted agents 
has also been used as a preoperative strategy to achieve 
higher resection rates and a better clinical outcome. In 
a series of  44 patients with initially unresectable CLM, 
Alberts et al[24] reported their results with FOLFOX4 che-
motherapy. Periodical reassessment for resectability with 
a high clinical RR of  60% was observed, consistent with 
other studies assessing the activity of  FOLFOX4 as first-
line therapy for colorectal cancer patients with isolated 
liver metastases, and 40% of  these patients were able to 
undergo complete resection of  their residual cancer. The 
efficacy of  FOLFIRI as preoperative chemotherapy has 
also been demonstrated in terms of  both high resection 
rate and favorable survival times[25-27]. In 2008, a major 
systematic review on irinotecan and oxaliplatin for the 
treatment of  advanced colorectal cancer published by the 
United Kingdom Health Technology Assessment Agency 
evaluated all studies where irinotecan or oxaliplatin were 
combined with 5-FU to downstage patients with unre-
sectable CLM[27]. The reported resection rates ranged 
from 9% to 35% for patients receiving irinotecan and 
5-FU, while that for those receiving oxaliplatin and 5-FU 
ranged from 7% to 51%. There is no conclusive evidence 
that one is superior to the other as first-line therapy for 
the downstaging of  CLM in terms of  PFS and OS. 

Current practice for patients whose metastases may 
be rendered resectable by conversion chemotherapy is to 
treat with the most effective regimen that offers a high 
RR in terms of  resection rate and PFS, coupled with 
the recommendation that surgery should be conducted 
as early as possible to minimize chemical damage to the 
liver[6]. The effectiveness of  FOLFIRI/FOLFOX draws 
the attention of  adding a third cytotoxic drug to these 
regimens as initial chemotherapy in patients with CLM 
with good performance status for potential surgical inter-
vention. Falcone et al[28] reported a phase Ⅲ randomized 
trial comparing FOLFOXIRI with a standard infusional 
fluorouracil, leucovorin, and irinotecan (FOLFIRI) regi-
men. Of  a total of  244 patients with initially unresectable 
mCRC, an improved RR was achieved in the FOLFOX-
IRI arm (60% vs 34%, P < 0.0001). The R0 resection rate 
of  metastases was greater in the FOLFOXIRI arm (15% 
vs 6%, P = 0.033, among all patients; and 36% vs 12%, P 
= 0.017 among patients with liver metastases only). PFS 
and OS were both significantly improved in the FOLF-
OXIRI arm (median PFS, 9.8 vs 6.9 mo, P = 0.0006; 
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TARGETED COMBINATION THERAPY 
FOR UNRESECTABLE MCRC
Abundant data are emerging from randomized trials of  
the added benefits conferred by the targeted agents on the 
prognosis of  patients with unresectable mCRC, including 
those with CLM. Optimistic results from the randomized 
Cetuximab combined with iRinotecan in first line therapY 
for metaSTatic colorectAL cancer (CRYSTAL) trial[36] and 
OxaliPlatin and cetUximab in firSt-line treatment of  mCRC 
(OPUS) trial[37] reinforce the role of  cetuximab on the 
improvement of  RRs and resection rates, combined with 
standard first-line chemotherapy in patients with advanced 
CRC. According to the published report of  the CRYSTAL 
study, the addition of  cetuximab to FOLFIRI significantly 
reduced the risk of  progression (HR = 0.85; P = 0.048) 
and increased the ORR (HR = 1.4; P = 0.004), compared 
with FOLFIRI alone. The rate of  R0 resection of  second-
ary metastases was also slightly higher in the cetuximab-
FOLFIRI arm (P = 0.003). Retrospective analysis suggested 
that the benefits of  cetuximab were limited to patients 
with KRAS wild-type tumors[38]. The OPUS study which 
compared cetuximab plus FOLFOX to FOLFOX alone 
obtained similar results[37]. An update of  a re-analysis of  
the CRYSTAL trial showed that greater benefits from the 
combination with cetuximab would be derived in patients 
with both wild-type KRAS and wild-type BRAF[39]. More 
patients with CLM would be rendered resectable with ef-
fective preoperative therapy, as the addition of  cetuximab 
to chemotherapy is feasible in first-line therapy, which has 
been confirmed in a randomized phase Ⅱ multi-center 
study of  cetuximab plus FOLFOX6 or cetuximab plus 
FOLFIRI in the preoperative setting for unresectable CLM 
(the CELIM study) published recently by Folprecht et al[40]. 
Partial or complete response was noted in 68% of  53 
patients in the cetuximab plus FOLFOX6 arm, and 57% 
of  53 patients in the cetuximab plus FOLFIRI arm. In 
a combined analysis of  both arms, 70% of  patients with 
wild-type KRAS tumors achieved tumor response versus 
42% of  patients with mutated KRAS (OR = 3.42; P = 
0.008). The R0 resection rates were as high as 34% in 
patients with wild-type KRAS. In retrospect, resectability 
rates increased from 32% at baseline to 60% after che-
motherapy (P < 0.0001). It is concluded that cetuximab 
may increase the possibility of  resection for patients 
with initially unresectable liver metastases and shows a 
high efficacy in the conversion treatment of  CLM when 
combined with first-line chemotherapy. For patients 
with unresectable CLM refractory to conventional first-
line chemotherapy, combination therapy with cetuximab 
could also increase resectability rates without increasing 
surgical mortality or liver injury[41]. A similar effective 
increase in RR was shown when cetuximab was added to 
either irinotecan- or oxaliplatin-based combinations[42-44]. 
However, the latest results from two randomized phase 
Ⅲ studies unexpectedly questioned the benefit of  adding 
cetuximab to oxaliplatin-based combination chemothera-
py[45-47]. In the MRC COIN study, 1394 patients received 

median OS, 22.6 mo vs 16.7 mo, P = 0.032). A more 
recent long-term follow-up indicated that this regimen 
was associated with an increased RR (70.4%). The 5-year 
PFS for these patients was 16% and the 5-year and 8-year 
OS were 42% and 33%, respectively[29]. Another group 
demonstrated that chemotherapy with FOLFIRINOX 
(the same agents with FOLFOXIRI) shows a high RR 
(70.6%) in CLM, and further confirmed the high RR of  
this regimen. The rate of  R0 hepatic resection in patients 
with initially unresectable liver metastases is attractive 
(26.5%)[30]. The randomized phase Ⅱ METHEP trial was 
conducted to compare standard double-agent chemother-
apy with triple-agent intensified chemotherapy in patients 
with unresectable CLM. Various induction regimens 
including FOLFIRI, FOLFOX-4, high dose-FOLFIRI, 
FOLFOX-7, and FOLFIRINOX were evaluated. In the 
preliminary analysis after 4 cycles of  treatment, the most 
promising regimens appeared to be FOLFIRINOX and 
high dose-FOLFIRI with an objective RR of  52% and 
50%, respectively. Secondary resection rates of  metas-
tases were also highest in the high dose-FOLFIRI and 
FOLFIRINOX arms (37% and 36%, respectively). The 
safety profiles of  FOLFIRINOX and FOLFOXIRI are 
generally acceptable[31]. 

For patients with initially unresectable CLM, disease 
progression during preoperative chemotherapy predicts 
poor prognosis, for which a change to other alternative 
chemotherapy regimens is usually recommended[32]. Liver 
resection could be reconsidered if  the response evaluation 
shows response or stabilization after second-line chemo-
therapy. However, objective response rates (ORR) to sec-
ond-line preoperative chemotherapy are only 4%-28%[33], 
and the safety of  surgery in patients who received multiple 
lines of  chemotherapy is still to be confirmed in larger se-
ries of  patients. Hence, tumor progression during chemo-
therapy is considered a contraindication to CLM resection 
by most oncologists and surgery is seldom performed if  
patients fail first-line chemotherapy. In a recent prospec-
tive study which included the largest study population to 
evaluate the outcome of  patients undergoing resection 
of  CLM after a second-line chemotherapy regimen, a 
retrospective analysis by Brouquet et al[34] demonstrated 
that hepatectomy is safe and feasible, and associated with 
a modest survival benefit in these patients who present 
with advanced CLM who have a suboptimal response 
to systemic therapy, with 1-year, 3-year, and 5-year OS 
rates of  83%, 41%, and 22%, respectively. Although a 
37% objective radiographic RR still illustrates the chal-
lenges in obtaining a tumor response with second-line 
chemotherapy, this rate remains acceptable compared to 
data reported previously[35]. This study indicated that liver 
resection could be considered an appropriate alternative 
for selected patients following second-line therapy. At the 
same time, due to the fact that only a few patients receiv-
ing second-line chemotherapy will benefit from resection, 
further investigations should be conducted to define the 
assessment criteria to identify potential surgical candidates 
in this challenging therapeutic setting.
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oxaliplatin combination (CAPOX/FOLFOX) as standard 
chemotherapy with or without cetuximab. Analysis ac-
cording to KRAS status did not result in any difference 
in either OS (median OS 17.9 mo vs 17.0 mo, P = 0.68) 
or PFS (median PFS 8.6 mo vs 8.6 mo, P = 0.60) between 
patients treated with CAPOX/FOLFOX and CAPOX/
FOLFOX plus cetuximab, even in the KRAS wild-type 
group[45]. Only a small benefit was seen in the RR in 
the KRAS wild-type patients who received cetuximab 
combination therapy (59% vs 50%, P = 0.02). Further 
subgroup analysis reported at ASCO 2010 suggested that 
an interaction existed between the chemotherapy option, 
(CAPOX vs FOLFOX) and a positive effect on PFS was 
observed with cetuximab (P = 0.07), indicating a benefit 
from cetuximab in FOLFOX-treated patients, but not in 
CAPOX-treated patients. Currently, cetuximab is not rec-
ommended for combination therapies with capecitabine 
and oxaliplatin based on these data. Similarly, the NOR-
DIC Ⅶ study, with 566 patients randomly assigned to 
receive 5-FU plus LV plus oxaliplatin (FLOX), FLOX 
plus cetuximab until disease progression, or FLOX inter-
mittently plus continuous cetuximab, reported a negative 
result, demonstrating no added benefit when cetuximab 
was combined with oxaliplatin-based chemotherapy[47]. 
In the intent-to-treat population analysis, there were no 
statistically significant differences between the treatment 
groups in terms of  RR, PFS or OS. Furthermore, the 
lack of  benefit was also noted in both KRAS mutant and 
wild-type sub-groups, suggesting that KRAS status did 
not predict the effect of  cetuximab in combination with 
FLOX in this study. The results from these two studies 
do not support the use of  cetuximab in first-line therapy 
when given together with oxaliplatin-based regimens. 
Thus, caution should be taken when making decisions 
on combined chemotherapy regimens as the role of  anti-
EGFR agents in the first-line treatment of  mCRC needs 
to be explored further.

In addition, cetuximab combined with triple cyto-
toxic drug therapy is also being evaluated, for potential 
extra efficacy on RR and clinical outcome[48,49]. Definitive 
results from the preoperative chemotherapy for hepatic 
resection (POCHER) study revealed an RR of  79% and 
a complete resection rate of  63% achieved by FOLF-
OXIRI plus cetuximab[48]. Preliminary results of  another 
phase Ⅱ trial evaluating cetuximab in combination with 
FOLFIRINOX demonstrated an ORR as high as 82% 
and predicted the feasibility of  this new therapeutic com-
bination in first-line mCRC patients[49].

KRAS had been broadly accepted as a predictive fac-
tor of  anti-EGFR antibody therapies prior to the negative 
results of  the NORDIC Ⅶ study, and identification of  ad-
ditional predictors such as BRAF has attracted significant 
interest. A recent meta-analysis based on the CRYSTAL 
and OPUS trials reported the updated clinical efficacy of  
cetuximab combination therapy according to KRAS and 
BRAF mutation status[50]. This analysis confirmed that 
in KRAS wild-type patients, the addition of  cetuximab 
in first-line treatment achieves a statistically significant 

improvement in RR, PFS, and OS compared with chemo-
therapy alone. However, it also concluded that BRAF mu-
tation status does not appear to be a strong predictive bio-
marker for the addition of  cetuximab. BRAF is more likely 
to be a prognostic factor as the clinical outcome in BRAF-
mutant patients is worse than those with BRAF wild-type 
tumors in terms of  RR, PFS and OS. Thus, BRAF testing 
is probably not essential when deciding whether cetuximab 
should be used. Larger clinical trials to further investigate 
the field of  predictive molecular biomarkers are required 
since the present data are inconsistent. 

The role of  bevacizumab added to chemotherapy in 
the perioperative setting for initially unresectable metas-
tases was evaluated in two large multi-center prospective 
trials (First BEAT and NO16966)[51]. The First BEAT 
trial reported a 6% R0 hepatic resection in an unselected 
population and 12.1% among patients with isolated liver 
metastases only. Resection rates were highest in patients 
who received oxaliplatin-based combination chemo-
therapy (P = 0.002). In NO16966[52], the addition of  be-
vacizumab to XELOX/FOLFOX significantly improved 
PFS in the first-line therapy (9.4 mo vs 8.0 mo, P = 0.0023), 
but there were no statistically significant differences be-
tween resection rates or OS in patients treated with be-
vacizumab plus XELOX/FOLFOX vs placebo (6.3% vs 
4.9%, P = 0.24). Bevacizumab improved RR when added 
to FOLFIRI regimen but did not improve RRs and resec-
tion rates when added to XELOX or FOLFOX. Recent 
data from a small phase Ⅱ trial by the GONO group 
revealed that FOLFOXIRI plus bevacizumab yielded an 
ORR of  76% and a disease control rate of  100%, with a 
secondary resection of  metastases in 17% of  patients[53]. 
It seems that the addition of  bevacizumab to FOLFOX-
IRI regimen is effective with manageable toxicities, how-
ever, negative reports on its efficacy in heavily pretreated 
patients with advanced disease and its role as adjuvant 
therapy for stage Ⅲ colon cancer in the NSABPC-08 
study remind us to be cautious of  the optimal stage to 
start administration and to determine the best treatment 
sequence[54,55]. 

Results from the PACCE study[20] and CAIRO2 study[21] 
failed to demonstrate a biological synergistic effect in 
antibodies both against the EGFR (cetuximab or panitu-
mumab) and VEGF (bevacizumab). Thus, specific com-
binations of  targeted drugs are not recommended as first-
line therapy for patients with mCRC, including CLM. The 
ongoing CALGB/SWOG 80404 trial which compared the 
addition of  cetuximab, or bevacizumab or both to standard 
FOLFIRI/FOLFOX should help to define the preferred 
targeted partner primarily in terms of  OS. The RR, PFS 
and the resection rate will be secondary end points[56]. 

LOCOREGIONAL CHEMOTHERAPY
Patients with multifocal CLM who are unfit for surgery or 
have tumor distribution technically unresectable with clear 
margins, are potential candidates for regional liver chemo-
therapy. Hepatic arterial infusion (HAI) with chemothera-
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peutic agents can provide relatively high concentrations 
of  drugs to micro- or macro-metastases remaining in the 
liver with less toxicity to extrahepatic organs. The most 
commonly used agent for HAI is Floxuridine (FUDR) 
which is an analogue of  5-FU, and has the advantage of  
having a first-pass extraction rate of  over 94% within the 
liver[57]. For those whose liver metastases were initially 
unresectable, the use of  HAI as pre-operative conver-
sion therapy to downstage the disease for resection was 
recommended in some early studies, due to the efficacy 
results obtained[58-60]. A recent Cochrane meta-analysis of  
ten randomized trials which compared HAI with fluoro-
pyrimidine chemotherapy to systemic chemotherapy or 
best supportive care in patients with initially unresectable 
liver metastases suggested that administration of  fluo-
ropyrimidines through HAI yielded higher tumor RRs 
as compared to the systematic chemotherapy regimens 
(42.9% vs 18.4%, P < 0.0001). However, this anticancer 
activity does not translate into a significant survival advan-
tage for patients treated with HAI as compared to those 
given systemic chemotherapy (15.9 mo vs 12.4 mo)[61]. 
Only one out of  ten studies indicated that HAI with 5-FU 
was superior to systemic bolus 5-FU/LV in terms of  RR 
and survival[62]. Altogether, current data do not support 
the clinical or investigational use of  fluoropyrimidine-
based HAI alone in patients with initially unresectable 
liver metastases. The advantages of  systemic oxaliplatin 
or irinotecan-based chemotherapy over the 5-FU/LV 
regimen also guided the use of  these agents in HAI che-
motherapy. Encouraging results were obtained in patients 
with initially unresectable metastases, with RRs as high as 
55%-70% and resection rates of  approximately 16%-18% 
in unresectable liver metastases[63,64].

HAI as post-operative chemotherapy was also investi-
gated in some clinical trials for feasibility in CLM. A Co-
chrane meta-analysis performed on seven randomized tri-
als with a total of  592 patients did not show improvement 
on OS in the HAI group even though fewer recurrences 
were noted in the remaining liver[65]. As early as 1999, Ke-
meny et al[66] reported the results from a single-institution 
study in which 156 patients were randomized to post-
operative HAI with FUDR plus systemic 5-FU ± LV vs 
systemic therapy alone. An increase in two-year survival 
rate for the combination therapy group was observed (90% 
vs 60%, P < 0.001) as compared with the group receiving 
monotherapy. The liver relapse-free survival also signifi-
cantly increased in the combination therapy group. Fur-
thermore, an updated analysis with a median follow-up of  
10.3 years reports a significantly greater PFS rate (31.3 mo 
vs 17.2 mo, P = 0.02) and a trend toward improved OS 
(68.8 mo vs 58.8 mo, P = 0.10) in the combined therapy 
group compared to the monotherapy group[67]. Other 
similar randomized studies also suggested an improved 
PFS of  the liver in the HAI combination group compared 
to the control group, but none of  these studies showed 
any advantage in OS and long-term DFS[68,69].

Negative outcomes in terms of  OS and significant 
hepatobiliary toxicity related to HAI as well as the exper-

tise required limit the implementation of  this technique. 
Given the availability of  an increasing number of  active 
systemic chemotherapy regimens, especially the biologic 
agents, the value of  HAI chemotherapy is less clear. 

CONCLUSION
Surgical resection undoubtedly remains the gold standard 
for the treatment of  resectable CLM. A well coordinated 
multidisciplinary approach is also necessary to achieve 
optimal outcomes for patients with CLM. The modality 
of  perioperative chemotherapy over surgery alone has re-
sulted in more patients with initially unresectable metas-
tases receiving a complete resection and enjoying a pro-
longed survival after surgery. Emerging data has revealed 
that preoperative chemotherapy, as well as postoperative 
chemotherapy could be advantageous compared to sur-
gery alone in terms of  DFS for patients with resectable 
CLM. Newly emerging biologic targeted agents when 
added to the standard chemotherapy regimen have con-
tributed to increased tumor RR, and to a larger extent, 
higher secondary resection rates. Insight into the molecu-
lar markers to predict the outcome of  targeted therapy 
may define subgroups of  patients within the same stage. 

At present, there is insufficient evidence to demon-
strate the efficacy of  regional perioperative chemotherapy. 
Multi-center randomized prospective trials are needed to 
provide evidence of  a survival advantage of  regional peri-
operative chemotherapy with acceptable adverse effects.

Even though the intent of  preoperative therapy fol-
lowed by resection is probably curative, cure is rarely 
achieved, as the majority of  patients who undergo he-
patic resection will experience recurrence. More potent 
agents and strategies have to be developed to provide 
longer survival time and eventually cure this disease.

REFERENCES
1	 Ruers T, Bleichrodt RP. Treatment of liver metastases, an 

update on the possibilities and results. Eur J Cancer 2002; 38: 
1023-1033

2	 Stangl R, Altendorf-Hofmann A, Charnley RM, Scheele J. 
Factors influencing the natural history of colorectal liver 
metastases. Lancet 1994; 343: 1405-1410 

3	 Fong Y, Cohen AM, Fortner JG, Enker WE, Turnbull AD, 
Coit DG, Marrero AM, Prasad M, Blumgart LH, Brennan 
MF. Liver resection for colorectal metastases. J Clin Oncol 
1997; 15: 938-946 

4	 Mentha G, Majno P, Terraz S, Rubbia-Brandt L, Gervaz P, 
Andres A, Allal AS, Morel P, Roth AD. Treatment strategies 
for the management of advanced colorectal liver metastases 
detected synchronously with the primary tumour. Eur J 
Surg Oncol 2007; 33 Suppl 2: S76-S83 

5	 Tomlinson JS, Jarnagin WR, DeMatteo RP, Fong Y, Korn-
prat P, Gonen M, Kemeny N, Brennan MF, Blumgart LH, 
D’Angelica M. Actual 10-year survival after resection of 
colorectal liver metastases defines cure. J Clin Oncol 2007; 
25: 4575-4580  

6	 Nordlinger B, Van Cutsem E, Rougier P, Köhne CH, Ychou 
M, Sobrero A, Adam R, Arvidsson D, Carrato A, Georgou-
lias V, Giuliante F, Glimelius B, Golling M, Gruenberger T, 
Tabernero J, Wasan H, Poston G. Does chemotherapy prior 

Wang CC et al . Chemotherapy of colorectal liver metastases



31 January 7, 2012|Volume 18|Issue 1|WJG|www.wjgnet.com

to liver resection increase the potential for cure in patients 
with metastatic colorectal cancer? A report from the Euro-
pean Colorectal Metastases Treatment Group. Eur J Cancer 
2007; 43: 2037-2045

7	 Van Cutsem E, Nordlinger B, Adam R, Köhne CH, Pozzo 
C, Poston G, Ychou M, Rougier P. Towards a pan-European 
consensus on the treatment of patients with colorectal liver 
metastases. Eur J Cancer 2006; 42: 2212-2221

8	 Nordlinger B, Van Cutsem E, Gruenberger T, Glimelius B, 
Poston G, Rougier P, Sobrero A, Ychou M. 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: 
985-992 

9	 Robinson S, Manas DM, Pedley I, Mann D, White SA. Sys-
temic chemotherapy and its implications for resection of 
colorectal liver metastasis. Surg Oncol 2011; 20: 57-72

10	 Portier G, Elias D, Bouche O, Rougier P, Bosset JF, Saric J, 
Belghiti J, Piedbois P, Guimbaud R, Nordlinger B, Bugat R, 
Lazorthes F, Bedenne L. Multicenter randomized trial of ad-
juvant fluorouracil and folinic acid compared with surgery 
alone after resection of colorectal liver metastases: FFCD 
ACHBTH AURC 9002 trial. J Clin Oncol 2006; 24: 4976-4982  

11	 Mitry E, Fields AL, Bleiberg H, Labianca R, Portier G, Tu D, 
Nitti D, Torri V, Elias D, O’Callaghan C, Langer B, Marti-
gnoni G, Bouché O, Lazorthes F, Van Cutsem E, Bedenne L, 
Moore MJ, Rougier P. Adjuvant chemotherapy after poten-
tially curative resection of metastases from colorectal can-
cer: a pooled analysis of two randomized trials. J Clin Oncol 
2008; 26: 4906-4911 

12	 Parks R, Gonen M, Kemeny N, Jarnagin W, D’Angelica M, 
DeMatteo R, Garden OJ, Blumgart LH, Fong Y. Adjuvant 
chemotherapy improves survival after resection of hepatic 
colorectal metastases: analysis of data from two continents. 
J Am Coll Surg 2007; 204: 753-761; discussion 761-763 

13	 Kornprat P, Jarnagin WR, Gonen M, DeMatteo RP, Fong 
Y, Blumgart LH, D’Angelica M. Outcome after hepatec-
tomy for multiple (four or more) colorectal metastases in 
the era of effective chemotherapy. Ann Surg Oncol 2007; 14: 
1151-1160 

14	 Ychou M, Hohenberger W, Thezenas S, Navarro M, Maurel 
J, Bokemeyer C, Shacham-Shmueli E, Rivera F, Kwok-Keung 
Choi C, Santoro A. A randomized phase III study compar-
ing adjuvant 5-fluorouracil/folinic acid with FOLFIRI in pa-
tients following complete resection of liver metastases from 
colorectal cancer. Ann Oncol 2009; 20: 1964-1970  

15	 Khatri VP, Chee KG, Petrelli NJ. Modern multimodality 
approach to hepatic colorectal metastases: solutions and 
controversies. Surg Oncol 2007; 16: 71-83

16	 Karanjia ND, Lordan JT, Fawcett WJ, Quiney N, Worthing-
ton TR. Survival and recurrence after neo-adjuvant chemo-
therapy and liver resection for colorectal metastases: a ten 
year study. Eur J Surg Oncol 2009; 35: 838-843 

17	 Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM, 
Rougier P, Bechstein WO, Primrose JN, Walpole ET, Finch-
Jones M, Jaeck D, Mirza D, Parks RW, Collette L, Praet M, 
Bethe U, Van Cutsem E, Scheithauer W, Gruenberger T. 
Perioperative chemotherapy with FOLFOX4 and surgery 
versus surgery alone for resectable liver metastases from 
colorectal cancer (EORTC Intergroup trial 40983): a ran-
domised controlled trial. Lancet 2008; 371: 1007-1016 

18	 Gruenberger B, Scheithauer W, Punzengruber R, Zielinski 
C, Tamandl D, Gruenberger T. Importance of response to 
neoadjuvant chemotherapy in potentially curable colorectal 
cancer liver metastases. BMC Cancer 2008; 8: 120 

19	 Gruenberger B, Tamandl D, Schueller J, Scheithauer W, Zie-
linski C, Herbst F, Gruenberger T. Bevacizumab, capecitabi-
ne, and oxaliplatin as neoadjuvant therapy for patients with 
potentially curable metastatic colorectal cancer. J Clin Oncol 
2008; 26: 1830-1835  

20	 Hecht JR, Mitchell E, Chidiac T, Scroggin C, Hagenstad C, 
Spigel D, Marshall J, Cohn A, McCollum D, Stella P, Deeter 
R, Shahin S, Amado RG. A randomized phase IIIB trial of 
chemotherapy, bevacizumab, and panitumumab compared 
with chemotherapy and bevacizumab alone for metastatic 
colorectal cancer. J Clin Oncol 2009; 27: 672-680 

21	 Tol J, Koopman M, Cats A, Rodenburg CJ, Creemers GJ, 
Schrama JG, Erdkamp FL, Vos AH, van Groeningen CJ, Sin-
nige HA, Richel DJ, Voest EE, Dijkstra JR, Vink-Börger ME, 
Antonini NF, Mol L, van Krieken JH, Dalesio O, Punt CJ. 
Chemotherapy, bevacizumab, and cetuximab in metastatic 
colorectal cancer. N Engl J Med 2009; 360: 563-572 

22	 Adam R. Chemotherapy and surgery: new perspectives on 
the treatment of unresectable liver metastases. Ann Oncol 
2003; 14 Suppl 2: ii13-ii16  

23	 Khatri VP, Chee KG, Petrelli NJ. Modern multimodality 
approach to hepatic colorectal metastases: solutions and 
controversies. Surg Oncol 2007; 16: 71-83 

24	 Alberts SR, Horvath WL, Sternfeld WC, Goldberg RM, Ma-
honey MR, Dakhil SR, Levitt R, Rowland K, Nair S, Sargent 
DJ, Donohue JH. Oxaliplatin, fluorouracil, and leucovorin 
for patients with unresectable liver-only metastases from 
colorectal cancer: a North Central Cancer Treatment Group 
phase II study. J Clin Oncol 2005; 23: 9243-9249 

25	 Pozzo C, Basso M, Cassano A, Quirino M, Schinzari G, 
Trigila N, Vellone M, Giuliante F, Nuzzo G, Barone C. Neo-
adjuvant treatment of unresectable liver disease with irino-
tecan and 5-fluorouracil plus folinic acid in colorectal cancer 
patients. Ann Oncol 2004; 15: 933-939 

26	 Barone C, Nuzzo G, Cassano A, Basso M, Schinzari G, Giu-
liante F, D’Argento E, Trigila N, Astone A, Pozzo C. Final 
analysis of colorectal cancer patients treated with irinotecan 
and 5-fluorouracil plus folinic acid neoadjuvant chemo-
therapy for unresectable liver metastases. Br J Cancer 2007; 
97: 1035-1039 

27	 Hind D, Tappenden P, Tumur I, Eggington S, Sutcliffe P, 
Ryan A. The use of irinotecan, oxaliplatin and raltitrexed 
for the treatment of advanced colorectal cancer: systematic 
review and economic evaluation. Health Technol Assess 2008; 
12: iii-ix, xi-162

28	 Falcone A, Ricci S, Brunetti I, Pfanner E, Allegrini G, Bar-
bara C, Crinò L, Benedetti G, Evangelista W, Fanchini L, 
Cortesi E, Picone V, Vitello S, Chiara S, Granetto C, Porcile 
G, Fioretto L, Orlandini C, Andreuccetti M, Masi G. Phase 
III trial of infusional fluorouracil, leucovorin, oxaliplatin, 
and irinotecan (FOLFOXIRI) compared with infusional 
fluorouracil, leucovorin, and irinotecan (FOLFIRI) as first-
line treatment for metastatic colorectal cancer: the Gruppo 
Oncologico Nord Ovest. J Clin Oncol 2007; 25: 1670-1676 

29	 Masi G, Loupakis F, Pollina L, Vasile E, Cupini S, Ricci S, 
Brunetti IM, Ferraldeschi R, Naso G, Filipponi F, Pietrabissa 
A, Goletti O, Baldi G, Fornaro L, Andreuccetti M, Falcone 
A. Long-term outcome of initially unresectable metastatic 
colorectal cancer patients treated with 5-fluorouracil/leu-
covorin, oxaliplatin, and irinotecan (FOLFOXIRI) followed 
by radical surgery of metastases. Ann Surg 2009; 249: 
420-425  

30	 Ychou M, Viret F, Kramar A, Desseigne F, Mitry E, Gui-
mbaud R, Delpero JR, Rivoire M, Quénet F, Portier G, 
Nordlinger B. Tritherapy with fluorouracil/leucovorin, iri-
notecan and oxaliplatin (FOLFIRINOX): a phase II study in 
colorectal cancer patients with non-resectable liver metasta-
ses. Cancer Chemother Pharmacol 2008; 62: 195-201 

31	 Rivoire M, Thezenas S, Rebischung C, Viret F, Guimbaud 
R, Francois E, Ducreux M, Quenet F, Desseigne F, Ychou M. 
Preliminary results of a randomized phase II trial compar-
ing standard bi-therapy versus three intensified chemother-
apy regimens as treatment for patients with non resectable 
liver metastases from colorectal cancer (METHEP). J Clin 
Oncol 2008; 26: a4075

Wang CC et al . Chemotherapy of colorectal liver metastases



32 January 7, 2012|Volume 18|Issue 1|WJG|www.wjgnet.com

32	 Adam R, Pascal G, Castaing D, Azoulay D, Delvart V, Paule 
B, Levi F, Bismuth H. Tumor progression while on chemo-
therapy: a contraindication to liver resection for multiple 
colorectal metastases? Ann Surg 2004; 240: 1052-1061; dis-
cussion 1061-1064

33	 Seymour MT, Maughan TS, Ledermann JA, Topham C, 
James R, Gwyther SJ, Smith DB, Shepherd S, Maraveyas A, 
Ferry DR, Meade AM, Thompson L, Griffiths GO, Parmar 
MK, Stephens RJ. Different strategies of sequential and com-
bination chemotherapy for patients with poor prognosis 
advanced colorectal cancer (MRC FOCUS): a randomised 
controlled trial. Lancet 2007; 370: 143-152

34	 Brouquet A, Overman MJ, Kopetz S, Maru DM, Loyer EM, 
Andreou A, Cooper A, Curley SA, Garrett CR, Abdalla EK, 
Vauthey JN. Is resection of colorectal liver metastases after 
a second-line chemotherapy regimen justified? Cancer 2011; 
117: 4484-4492

35	 de Haas RJ, Wicherts DA, Flores E, Azoulay D, Castaing D, 
Adam R. R1 resection by necessity for colorectal liver metas-
tases: is it still a contraindication to surgery? Ann Surg 2008; 
248: 626-637 

36	 Van Cutsem E, Köhne CH, Hitre E, Zaluski J, Chang Chien 
CR, Makhson A, D’Haens G, Pintér T, Lim R, Bodoky G, 
Roh JK, Folprecht G, Ruff P, Stroh C, Tejpar S, Schlichting M, 
Nippgen J, Rougier P. Cetuximab and chemotherapy as ini-
tial treatment for metastatic colorectal cancer. N Engl J Med 
2009; 360: 1408-1417 

37	 Bokemeyer C, Bondarenko I, Hartmann JT, De Braud FG, 
Volovat C, Nippgen J, Stroh C, Celik I, Koralewski P. KRAS 
status and efficacy of first-line treatment of patientswith-
metastatic colorectal cancer (mCRC) with FOLFOX with or 
without cetuximab: The OPUS experience. J Clin Oncol 2008; 
26: a4000

38	 Van Cutsem E, Lang I, D’haens G, Moiseyenko V, Zaluski 
J, Folprecht G, Tejpar S, Kisker O, Stroh C, Rougier P. KRAS 
status and efficacy in the first-line treatment of patients with 
metastatic colorectal cancer (mCRC) treated with FOLFIRI 
with or without cetuximab: the CRYSTAL experience. J Clin 
Oncol 2008; 26: a2

39	 Kohne C, Stroiakovski D, Chang-chien C, Lim R, Pintér 
T, Bodoky G, Stroh C, Celik I, Rougier P, VanCutsem E. 
Predictive biomarkers to improve treatment of metastatic 
colorectal cancer (mCRC): Outcomes with cetuximab plus 
FOLFIRI in the CRYSTAL trial. J Clin Oncol 2009; 27: a4068

40	 Folprecht G, Gruenberger T, Bechstein WO, Raab HR, 
Lordick F, Hartmann JT, Lang H, Frilling A, Stoehlmacher 
J, Weitz J, Konopke R, Stroszczynski C, Liersch T, Ockert D, 
Herrmann T, Goekkurt E, Parisi F, Köhne CH. Tumour re-
sponse and secondary resectability of colorectal liver metas-
tases following neoadjuvant chemotherapy with cetuximab: 
the CELIM randomised phase 2 trial. Lancet Oncol 2010; 11: 
38-47 

41	 Adam R, Aloia T, Lévi F, Wicherts DA, de Haas RJ, Paule 
B, Bralet MP, Bouchahda M, Machover D, Ducreux M, 
Castagne V, Azoulay D, Castaing D. Hepatic resection after 
rescue cetuximab treatment for colorectal liver metastases 
previously refractory to conventional systemic therapy. J 
Clin Oncol 2007; 25: 4593-4602 

42	 Central European Cooperative Oncology Group, Ciuleanu 
TE, Scheithauer W, Kurteva G, Ocvirk J, Koza I, Papami-
chael D, Wenczl M, Brodowicz T, Beslija S, Zielinski CC. 
A randomized open-label phase II study evaluating the ef-
ficacy and safety of FOLFOX6 cetuximab versus FOLFIRI 
cetuximab as first-line therapy in patients (pts) with meta-
static colorectal cancer (MCRC). ASCO Gastrointest Cancers 
Symp 2008: a339

43	 Venook AP, Niedzwiecki D, Hollis D, Sutherland S, Gold-
berg R, Alberts S, Benson A, Wade J, Schilsky R, Mayer 
R. Phase III study of irinotecan/5FU/LV (FOLFIRI) or 
oxaliplatin/5FU/LV (FOLFOX) 6 cetuximab for patients 

(pts) with untreated metastatic adenocarcinoma of the colon 
or rectum (MCRC): CALGB 80203 preliminary results. J Clin 
Oncol 2006; 24: 3509

44	 Heinemann V, Moosman N, Vehling-Kaiser U, Stauch M, 
Oruzio D, Schulze M, Walther J, Weiss J, Dietzfelbinger H, 
Fischer Von Weikersthal L. XELIRI plus cetuximab versus 
XELOX plus cetuximab for the first-line therapy of meta-
static colorectal cancer (CRC): a randomized trial of the AIO 
CRC study group. ASCO Gastrointest Cancers Symp 2007: 
a278

45	 Maughan TS, Adams RA, Smith CG, Meade AM, Seymour 
MT, Wilson RH, Idziaszczyk S, Harris R, Fisher D, Kenny 
SL, Kay E, Mitchell JK, Madi A, Jasani B, James MD, Bridge-
water J, Kennedy MJ, Claes B, Lambrechts D, Kaplan R, 
Cheadle JP. Addition of cetuximab to oxaliplatin-based first-
line combination chemotherapy for treatment of advanced 
colorectal cancer: results of the randomised phase 3 MRC 
COIN trial. Lancet 2011; 377: 2103-2114 

46	 Maughan T, Adams RA, Smith CG, Seymour MT, Wilson 
RH, Meade AM, Fisher D, Madi A, Cheadle J, Kaplan RS. 
Identification of potentially responsive subsets when ce-
tuximab is added to oxaliplatin-fluoropyrimidine chemo-
therapy (CT) in first-line advanced colorectal cancer (aCRC): 
Mature results of the MRC COIN trial. J Clin Oncol 2010; 28: 
a3502

47	 Okines A, Puerto OD, Cunningham D, Chau I, Van Cutsem 
E, Saltz L, Cassidy J. Surgery with curative-intent in patients 
treated with first-line chemotherapy plus bevacizumab for 
metastatic colorectal cancer First BEAT and the randomised 
phase-III NO16966 trial. Br J Cancer 2009; 101: 1033-1038  

48	 Garufi C, Torsello A, Tumulo S, Mottolese M, Campanella C, 
Zeuli M, Lo Re G, Pizzi G, Ettorre GM, Sperduti I. POCHER 
(preoperative chemotherapy for hepatic resection) study 
with cetuximab (Cmab) plus CPT-11/5-fluorouracil (5-FU)/
leucovorin (FA)/oxaliplatin (L-OHP) (CPT-11-FFL) in unre-
sectable colorectal liver metastases(CLM). J Clin Oncol 2009; 
27: ae15020

49	 Ychou M, Desseigne F, Thezenas S, Viret F, Mineur L, As-
senat E, Bleuse J, Kramar A, Portales F, Samalin E. Prelimi-
nary results of a of a mutli-center phase II trial evaluating 
cetuximab in combination with FOLFIRINOX (LV5FU 
irinotecan oxaliplatin) as first-line treatment of metastatic 
colorectal cancer (mCRC). ASCO Gastrointest Cancers Symp 
2009: a450

50	 Bokemeyer C, Kohne C, Rougier P, Stroh C, Schlichting 
M, Van Cutsem E. Cetuximab with chemotherapy (CT) as 
first-line treatment for metastatic colorectal cancer (mCRC): 
Analysis of the CRYSTAL and OPUS studies according 
to KRAS and BRAF mutation status. J Clin Oncol 2010; 28: 
a3506

51	 Okines A, Puerto OD, Cunningham D, Chau I, Van Cutsem 
E, Saltz L, Cassidy J. Surgery with curative-intent in patients 
treated with first-line chemotherapy plus bevacizumab for 
metastatic colorectal cancer First BEAT and the randomised 
phase-III NO16966 trial. Br J Cancer 2009; 101: 1033-1038  

52	 Saltz LB, Clarke S, Díaz-Rubio E, Scheithauer W, Figer A, 
Wong R, Koski S, Lichinitser M, Yang TS, Rivera F, Couture 
F, Sirzén F, Cassidy J. Bevacizumab in combination with 
oxaliplatin-based chemotherapy as first-line therapy in 
metastatic colorectal cancer: a randomized phase III study. J 
Clin Oncol 2008; 26: 2013-2019 

53	 Falcone A, Masi G, Loupakis F, Vasile E, Ciarlo A, Cava-
ciocchi D, Amoroso D, Puglisi M, Fea E, Brunetti I. FOLF-
OXIRI (irinotecan, oxaliplatin, and infusional 5FU/LV) in 
combination with bevacizumab in the first-line treatment of 
metastatic colorectal cancer: a phase II study by the G.O.N.O. 
group. J Clin Oncol 2008; 26: a4031

54	 Chen HX, Mooney M, Boron M, Vena D, Mosby K, Gro-
chow L, Jaffe C, Rubinstein L, Zwiebel J, Kaplan RS. Phase 
II multicenter trial of bevacizumab plus fluorouracil and 

Wang CC et al . Chemotherapy of colorectal liver metastases



33 January 7, 2012|Volume 18|Issue 1|WJG|www.wjgnet.com

leucovorin in patients with advanced refractory colorectal 
cancer: an NCI Treatment Referral Center Trial TRC-0301. J 
Clin Oncol 2006; 24: 3354-3360 

55	 Wolmark N, Yothers G, O’Connell MJ, Sharif S, Atkins JN, 
Seay TE, Feherenbacher L, O'Reilly S, Allegra CJ. A phase 
III trial comparing mFOLFOX6 to mFOLFOX6 plus beva-
cizumab in stage II or III carcinoma of colon: Results of 
NSABP Protocol C-08. J Clin Oncol 2009; 27: LBA4

56	 Macarulla T, Capdevila J, Perez-Garcia J, Ramos FJ, Elez 
ME, Markman B, Ruiz-Echarri M, Tabernero J. New ap-
proaches and targets in advanced colorectal cancer. Eur J 
Cancer 2009; 45 Suppl 1: 79-88

57	 Wagman LD, Byun TE. Managing colorectal cancer liver 
metastases. Oncology (Williston Park) 2009; 23: 1063-1071  

58	 Miyanari N, Mori T, Takahashi K, Yasuno M. Evaluation 
of aggressively treated patients with unresectable multiple 
liver metastases from colorectal cancer. Dis Colon Rectum 
2002; 45: 1503-1509 

59	 van Riel JM, van Groeningen CJ, Albers SH, Cazemier M, 
Meijer S, Bleichrodt R, van den Berg FG, Pinedo HM, Gi-
accone G. Hepatic arterial 5-fluorouracil in patients with 
liver metastases of colorectal cancer: single-centre experi-
ence in 145 patients. Ann Oncol 2000; 11: 1563-1570 

60	 Link KH, Pillasch J, Formentini A, Sunelaitis E, Leder G, 
Safi F, Kornmann M, Beger HG. Downstaging by regional 
chemotherapy of non-resectable isolated colorectal liver me-
tastases. Eur J Surg Oncol 1999; 25: 381-388 

61	 Mocellin S, Pasquali S, Nitti D. Fluoropyrimidine-HAI (he-
patic arterial infusion) versus systemic chemotherapy (SCT) 
for unresectable liver metastases from colorectal cancer. Co-
chrane Database Syst Rev 2009; CD007823 

62	 Kemeny NE, Niedzwiecki D, Hollis DR, Lenz HJ, Warren 
RS, Naughton MJ, Weeks JC, Sigurdson ER, Herndon JE, 
Zhang C, Mayer RJ. Hepatic arterial infusion versus sys-
temic therapy for hepatic metastases from colorectal cancer: 

a randomized trial of efficacy, quality of life, and molecular 
markers (CALGB 9481). J Clin Oncol 2006; 24: 1395-1403  

63	 Ducreux M, Ychou M, Laplanche A, Gamelin E, Lasser P, 
Husseini F, Quenet F, Viret F, Jacob JH, Boige V, Elias D, 
Delperro JR, Luboinski M. Hepatic arterial oxaliplatin infu-
sion plus intravenous chemotherapy in colorectal cancer 
with inoperable hepatic metastases: a trial of the gastroin-
testinal group of the Federation Nationale des Centres de 
Lutte Contre le Cancer. J Clin Oncol 2005; 23: 4881-4887 

64	 Boige V, Malka D, Elias D, Castaing M, De Baere T, Goere D, 
Dromain C, Pocard M, Ducreux M. Hepatic arterial infusion 
of oxaliplatin and intravenous LV5FU2 in unresectable liver 
metastases from colorectal cancer after systemic chemother-
apy failure. Ann Surg Oncol 2008; 15: 219-226 

65	 Nelson R, Freels S. Hepatic artery adjuvant chemotherapy 
for patients having resection or ablation of colorectal can-
cer metastatic to the liver. Cochrane Database Syst Rev 2006; 
CD003770 

66	 Kemeny N, Huang Y, Cohen AM, Shi W, Conti JA, Bren-
nan MF, Bertino JR, Turnbull AD, Sullivan D, Stockman J, 
Blumgart LH, Fong Y. Hepatic arterial infusion of chemo-
therapy after resection of hepatic metastases from colorectal 
cancer. N Engl J Med 1999; 341: 2039-2048 

67	 Kemeny NE, Gonen M. Hepatic arterial infusion after liver 
resection. N Engl J Med 2005; 352: 734-735 

68	 Rudroff C, Altendorf-Hoffmann A, Stangl R, Scheele J. 
Prospective randomised trial on adjuvant hepatic-artery 
infusion chemotherapy after R0 resection of colorectal liver 
metastases. Langenbecks Arch Surg 1999; 384: 243-249 

69	 Kemeny MM, Adak S, Gray B, Macdonald JS, Smith T, Lip-
sitz S, Sigurdson ER, O’Dwyer PJ, Benson AB. Combined-
modality treatment for resectable metastatic colorectal carci-
noma to the liver: surgical resection of hepatic metastases in 
combination with continuous infusion of chemotherapy--an 
intergroup study. J Clin Oncol 2002; 20: 1499-1505 

S- Editor  Sun H    L- Editor  Webster JR    E- Editor  Zhang DN

Wang CC et al . Chemotherapy of colorectal liver metastases


