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Introduction

The prognosis of patients with metastatic colorectal
cancer has been improving over the last two decades
due to increasing options for systemic treatment, but
also because liver metastases were resected more
frequently. Resection of metastases that can provide
the option of long term survival or even cure [1]
was uncommon in the 1990s and has since become
more frequent. In the Netherlands, hepatic surgery due
to liver metastases increased from 4% (1995−99) to
10% (2004−07) [2]. In specialised centres, it reached
nearly 20% of patients with metastatic colorectal
cancer [3]. One indicator of the new view on potential
metastasectomies is the 2010 updated TNM classifi-
cation dividing stage M1 into M1a (metastases in one
organ, “only”) from metastases in more than one organ
or the peritoneum (stage M1b) [4].
In clinical practice, the decision to resect metastases

is influenced by several factors, of which technical
resectability is a necessary precondition. A main
criterion for surgical resectability is the remaining
functional liver tissue (including sufficient perfusion
and bile drainage) of ca. 30%. Other factors influenc-
ing the decision are the experience of the centre and
the individual surgeon, the presence of extrahepatic
disease [5], prognostic factors after resection (i.e.
number of metastases, primary tumour stage [6], and
disease-free interval [7]) and co-morbidities (Fig. 1).
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Fig. 1. Clinical situations regarding resectability and influencing
factors.

Especially in situations with high risk for early
recurrence, the views on the risk/benefit ratio − both
of the patient and of the treating physician(s) −
influence the actual procedure and contribute to the
lack of a general agreement on criteria for resectability.
The lack of investigations on whether there is a
benefit also in short disease-free intervals after liver
resection (six, nine, or twelve months) contributes
to the uncertainty regarding uniform criteria for
metastasectomies in high risk situations. Even so, three
treatment situations can be distinguished: (1) patients
with upfront resectable metastases, (2) patients with
potentially resectable metastases, and (3) patients who
are very unlikely to become resectable, even after
chemotherapy.
In patients with multiple metastases that will

never be resectable, improving overall survival with
a good quality of life is regarded as the aim of
palliative chemotherapy, and progression-free survival
the most common surrogate parameter. If patients have
resectable disease, there is the typical question of
adjuvant/neoadjuvant therapy and disease-free survival
is the usual surrogate. In the situation of potentially
resectable disease, the prognosis is improved when a
liver resection can be performed after chemotherapy
which justifies a slightly different approach including
other surrogate parameters for therapy as discussed
below.
Furthermore, patients with limited metastatic dis-

ease are classical candidates for multidisciplinary
treatment and multidisciplinary treatment decision
making. Although from a strong evidence based
point of view, chemotherapy is the only method with
a survival benefit proven in randomised controlled
trials, there are alternatives to achieve resectability,
such as two staged resections and portal vein em-
bolisation, further local treatment options such as
(radiofrequency) ablation or intra-arterial therapies.
Patients will benefit if the full spectrum is used in an
appropriate way.
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Patients with potentially resectable disease

Most reports of resection of initially non-resectable
liver metastases were published after more active
schedules for treatment of metastatic colorectal cancer
had been introduced into clinical practice. The first
small collection describing patients with successful
liver resection of initially non-resectable metastases
was published nearly 20 years ago − after neoadjuvant
treatment with 5-FU/folinic acid [8]. With the higher
efficacy of − mostly oxaliplatin based − combination
therapies, larger series reporting successful liver resec-
tion after chemotherapy in initially non-resectable pa-
tients with colorectal liver metastases were published.
Giacchetti and co-workers in 1999 described in the
resected patients a five-year survival of 50% compared
to a median overall survival of 15 months in patients
without resection [9]. This improved prognosis was
confirmed by a later publication on the observational
cohort. A five- and ten-year survival of 33% and
25% was observed in patients with initially non-
resectable liver metastases who underwent successful
liver resection after chemotherapy [1]. Similar results
were published by other groups [10,11].
These improved long term results changed the

treatment strategy in patients with metastases limited
to the liver. In contrast to palliative treatment, less the
balance between toxicity and progression-free survival
as surrogate endpoint, but tumour shrinkage (usually
measured as response rate according to RECIST
or WHO criteria) as conditio sine qua non for
resection in non-resectable patients became an aim for
chemotherapy. The hypothesis that tumour response
is associated with the rate of liver resection was
confirmed in a retrospective overview on published
studies [12].
Further confirmation that neoadjuvant treatment

can actually improve resectability comes from a
retrospective review of the CT-/MRI-images of a
randomised trial. These scans were evaluated by a
group of surgeons blinded to the information whether
the images were recorded before or after chemother-
apy. According to imaging criteria, resectability was
increased after systemic chemotherapy [13].
Chemotherapy doublets such as FOLFOX or FOL-

FIRI are associated with response rates of 40–
50% [14–16]. Recent studies have shown that the
efficacy of systemic therapy can be improved when
chemotherapy doublets are combined with antibodies,
or a combination of all chemotherapeutical drugs is
used.

Resectability after chemotherapy

After retrospective reports of successful resection
following chemotherapy of initially non-resectable
liver metastases were published, several phase II trials
investigated prospectively different chemotherapy reg-
imens in the setting of non-resectable liver metastases.
Non-resectability was not uniformly defined in the
trials, which increases the problems with a cross-
trial comparison of these studies. Some retrospective
analyses for the conversion of non-resectable to
resectable liver metastases report mostly oxaliplatin
based therapy [9]. An Italian group demonstrated that
irinotecan/5-FU/FA (FOLFIRI) also can be used as
neoadjuvant treatment for liver metastases. Achieving
a response rate of 48%, twenty-eight per cent of
patients were R0 resected [17]. In a prospective
multicentre trial with FOLFOX as chemotherapy
14/17 patients (33%) were resected [18]. In this
trial, resection was performed after tumour response
occurring within a median duration of 6 months.

Chemotherapy triplet combinations

With the combination oxaliplatin, irinotecan and 5-FU
in one regimen (i.e. “FOLFIRINOX”, “FOLFOXIRI”),
high response rates have been observed in phase II
trials [19,20]. Two randomised trials compared the
triple combination to FOLFIRI in a general patient
population with metastatic colorectal cancer [21,22].
The Greek trial, using lower doses of irinotecan
and oxaliplatin than the Italian trial as well as
a more bolus driven 5-FU schedule, found non-
significant trends towards a higher efficacy with the
triple combination therapy (Table 1) [21]. The Italian
GONO group reported found significantly improved
response rates, progression-free survival and overall
survival − as well as a higher rate of liver resections
in the FOLFOXIRI arm (15% vs. 6%, P = 0.033) [22]
and a better long term survival [30]. As expected,
toxicity was higher, but manageable [22].
A French study group investigated the standard

doses of oxaliplatin (85mg/m2), irinotecan (180
mg/m2) and 5-FU (same doses as in doublet regimen)
and described in a phase II trial in patients with
liver limited disease a high response rate of 71%
[95%CI: 53−85%] and a rate of R0 liver resection
of 27% [20].

Chemotherapy in combination with EGFR
antibodies

The epidermal growth factor receptor (EGFR) antibod-
ies cetuximab and panitumumab have been shown to
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Table 1
Phase III trials comparing chemotherapy triplets or antibody combinations to doublets

Schedule n Response
rate

R0 resec-
tions

PFS
(mo)

OS (mo)

FOLFOXIRI vs. FOLFIRI

FOLFOXIRI [22]
85mg/m2 OX, 165mg/m2 IRI, 3200mg/m2 5-FU (46 h), 200mg/m2 l-FA

122 60%*** 15%* 9.8 *** 22.6 *

FOLFIRI 122 34% 6% 6.9 16.7

HR 0.63 0.70

FOLFOXIRI [21]
65mg/m2 OX, 150mg/m2 IRI, 2×400mg/m2 5-FU bolus, 2×600mg/m2 5-FU (22 h)

137 43% 6.6% 8.4 21.5

FOLFIRI 146 34% 1.4% 6.9 19.5

Chemotherapy doublets +/− EGFR antibodies (k-ras wild type patient data)

“CRYSTAL” [23]

Cetuximab+FOLFIRI 316 59%*** 5.1%* 9.9 ** 23.5 **

FOLFIRI 350 40% 2.0% 8.4 20.0

HR 0.70 0.80

“OPUS” [24,25]

Cetuximab+FOLFOX 82 57%** 7.3% 8.3 ** 22.8

FOLFOX 97 34% 3.1% 7.2 18.5

HR 0.57 0.86

“COIN” [26]

Cetuximab/fluoropyrimidine/oxaliplatin 362 59%* 8.6 17.0

Fluoropyrimidine/oxaliplatin 367 50% 8.6 17.9

HR 0.96 1.04

“PRIME” [27]

FOLFOX + panitumumab 325 55% 8.3% 9.6 * 23.9

FOLFOX 331 48% 7.0% 8.0 19.7

HR 0.80 0.83

Chemotherapy doublets +/− bevacizumab

IFL + bevacizumab [28] 402 45%** <2% 10.6*** 20.3***

IFL 401 35% 6.2 15.6

HR 0.54 0.66

“NO16966” [29]

Bevacizumab/fluoropyrimidine/oxaliplatin 699 38% 8.4%a 9.4** 21.3

Fluoropyrimidine/oxaliplatin 701 38% 6.1%a 8.0 19.9

HR 0.83 0.89

FA, folinic acid; IFL, irinotecan–folinic acid–fluorouracil; IRI, irinotecan; PFS, progression-free survival; OS, overall survival, OX, oxaliplatin.
*P < 0.05, **P < 0.01, ***P < 0.001.
a All resections.

be active if activating k-ras mutations are absent in the
tumour [31,32].
The CRYSTAL trial comparing FOLFIRI with or

without cetuximab as palliative first line therapy for
metastatic disease described an increased response
rate (57% vs. 40%, P < 0.001) that was associated
with a higher rate of R0 metastasectomies (5.1% vs.
2.0%, P = 0.026) in patients with k-ras wild type
tumours [23]. Similar results were found in the

smaller OPUS trial studying FOLFOX +/− cetuximab
(Table 1) [24]. Both studies were not designed for
investigation of neoadjuvant therapy and the frequency
of liver resections was relatively was low in both
arms.
The multicentre randomised CELIM trial compared

neoadjuvant chemotherapy with FOLFOX/cetuximab
or FOLFIRI/cetuximab in patients with liver limited,
non-resectable disease. The response rate was 70%
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[95%CI 58−81%] in k-ras patients. In total, 34%
of patients were R0 resected after neoadjuvant treat-
ment [13]. The unplanned subgroup analyses of the
CRYSTAL and OPUS study for patients with liver
limited metastases and k-ras wild type found simi-
lar response rates of 71% with FOLFIRI/cetuximab
(compared to 44% with FOLFIRI alone, P = 0.002)
and 76% vs. 39%, P = 0.02, with FOLFOX +/−
cetuximab [25].
In the British COIN trial (oxaliplatin/fluoropyrimi-

dine +/− cetuximab, third arm: early termination
of oxaliplatin/fluoropyrimidine) that was negative for
the primary endpoint overall survival, a signifi-
cantly higher response rate was reported for patients
treated with cetuximab. The trial results might have
been influenced by a negative interaction between
capecitabine/oxaliplatin and cetuximab. Interestingly,
the unplanned sub-subgroup analysis demonstrated
a significantly better progression-free survival for
k-ras wild type patients with liver metastases only
and FOLFOX as chemotherapy when cetuximab was
added [26].
The progression-free survival was significantly

longer with panitumumab in the PRIME trial (FOL-
FOX +/− panitumumab). For response rates, a non-
significant trend was observed (55% vs 48%, P = 0.07,
Table 1) [27]. Both trials, COIN and PRIME, found
similar resection rates in both treatment arms. Difficult
to interpret is the not yet fully published NORDIC VII
trial (Nordic FLOX regimen +/− cetuximab) which
has shown an improved efficacy in patients with k-ras
mutations but not in patients with k-ras wild type [33].
In addition to the above mentioned discussion on
an interaction between CapOx vs. FOLFOX and
cetuximab activity, there are speculations whether
the different results for CRYSTAL and the COIN/
NORDIC VII trial can be explained by different
interactions between oxaliplatin or irinotecan and
EGFR antibodies. However, at least basing on the
few studies with direct comparison of irinotecan and
oxaliplatin in combination with fluoropyrimidine and
cetuximab, there was no clear difference regarding
efficacy with either combination [13,34,35].

Chemotherapy and the VEGF antibody
bevacizumab

Adding bevacizumab to the irinotecan/5-FU bolus
regimen IFL or to the 5-FU/folinic acid resulted
in a significant prolongation of the progression-free
survival and the overall survival. Although statisti-
cally significant, the response rates increased rather
moderately with these schedules (45% vs. 35% and

34% vs. 25%) [28,36]. Both regimens are unusual in
neoadjuvant treatment of liver metastases.
In the NO16966 trial, the contribution of bevacizu-

mab was in combination with FOLFOX or capecita-
bine/oxaliplatin. In this trial, the response rates were
equal (38% vs. 38%) in both treatment arms with
similar resection rates (8.4 vs 6.1%, Table 1). Although
the primary endpoint progression-free survival was
met, an added value of bevacizumab in downsizing
liver metastases (measured by the response rate) was
not demonstrated in this trial [29]. Given the above
cited treatment alternatives, FOLFOXIRI or cetuximab
based combinations (the latter for k-ras wild type
patients) might perhaps be more appropriate regimens
if tumour response for later resectability is the primary
treatment aim.

Toxicity of neoadjuvant treatment

In trials for patients with metastatic colorectal cancer
investigating palliative chemotherapy doublets with
or without antibodies, side effects are frequent. In
randomised phase III trials, grade �3 toxicities occur
in 60−85% of patients; the rate of treatment-associated
mortality is <2%. [27–29,37]. In the neoadjuvant sit-
uation, higher rates of toxicity temporarily influencing
the quality of life might rather be accepted in the
light of a potentially curative treatment. Furthermore,
patients qualifying for later resections will have a
rather good performance status and might tolerate
side effects better than their counterparts with more
advanced disease.
With the background of planned resection, not only

the general toxicity but also a potential influence of
chemotherapy on the liver function and the morbidity
of resection has to be considered.
Oxaliplatin is associated with a sinusoidal obstruc-

tion of the liver, inducing a macroscopically “blue
liver” [38]. For irinotecan, a steatosis/steatohepatitis
(“yellow liver”) is described. Both steatohepatitis
and sinusoidal obstruction were found in ~20% of
irinotecan and oxaliplatin treated patients, respectively,
but only in <10% of patients with 5-FU alone
or the opponent drug, and infrequent in untreated
patients [39]. Sinusoidal obstruction was associated
with increased morbidity [40], steatohepatitis with
increased mortality [39], but it was not definitely
clarified whether the latter relationship was regarding
irinotecan-induced steatohepatitis or steatohepatitis
from other causes.
Generally, the methodology for studies investigating

the impact of liver directed toxicity on perioperative
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morbidity is limited by the fact that the resecting
surgeon will consider liver damage and adapt his
treatment strategy on the macroscopic findings. One
of the few controlled reports of the actual influence
on postoperative complications is the randomised
EORTC study 40983 comparing neoadjuvant treat-
ment (FOLFOX) with surgery alone in patients with
resectable metastases. The postoperative morbidity
was increased from 16% to 25% if the patients were
pre-treated (P = 0.04). The mortality was equal in both
groups (1%). At least in this trial with 3 months of
FOLFOX treatment, only 1 patient (out of 182 with
neoadjuvant treatment) was not resected because of
liver toxicity [41].
However, the morbidity is associated with the

number of preoperative chemotherapy cycles. The
perioperative morbidity of liver resection increases
from 14% and 19% (no chemotherapy and �5 cycles,
respectively) to 45% with 6−9 cycles and 62% with
�10 cycles [42]. Similar findings were published by
other groups [43,44]. Reducing the risk associated
with resection is a reason to maintain the neoadjuvant
chemotherapy as short as possible in patients with non-
resectable metastases.
A special aspect is the influence of bevacizumab

on wound healing and liver toxicity. Wound healing
is after surgery is impaired if bevacizumab treatment
is ongoing [45]. Therefore, an interval of at least
6 weeks (3 half-times) between end of bevacizumab
treatment and resection is recommended. For planned
liver surgery, a major impact of bevacizumab on peri-
operative morbidity is not measurable [46–48]. Some
authors found that sinusoidal obstruction is reduced
in patients with bevacizumab treatment [49,50]. These
comparisons refer to cohorts of patients treated in
different time periods and clinical relevance may be
questionable; confirmatory investigations would be
preferable.

Duration of therapy in non-resectable studies

Duration of neoadjuvant treatment is not clarified by
randomised studies. For the above mentioned reasons,
a time as short as possible is currently the mostly
recommended strategy.
In the multicentre study with FOLFOX, it was

reported that the median duration until response
before resection was 6 months [18]. In the more
recent CELIM study, the median time of neoadjuvant
treatment was slightly shorter − four months: Eighteen
per cent of resected patients were operated after the
first staging CT (2 months), in most patients who were

actually resected, this decision was made after the
4-month CT scan, and in some additional patients after
the 6-month imaging. Longer neoadjuvant treatments
did very seldom result in a decision to operate a patient
(4% of resected pts) [13]. It might be concluded that
re-discussion in the multidisciplinary team should be
scheduled at least at three and six months during
neoadjuvant chemotherapy (or at 2, 4 and 6 months),
and that the treatment strategy should be reconsidered
if resectability is not achieved within the first six
months. As a neoadjuvant treatment (with FOLFOX)
of three months is widely regarded as indicated even
in resectable patients [41], major efforts to shorten the
neoadjuvant treatment below three months will not be
absolutely necessary in non-resectable patients.

Patients with resectable metastases

Adjuvant systemic chemotherapy in patients with
resected liver metastases was investigated in two
studies using 5-FU/folinic acid. Both studies were
closed early due to poor recruitment. In one of these
studies, chemotherapy had significant influence on
disease-free survival although the primary analysis
was negative [51]. A metaanalysis of both trials
demonstrated a strong trend to a better disease-free
survival (HR 1.32 [95%CI 1.0–1.76, P = 0.058) and a
trend to a better overall survival (HR 1.32 [0.95–1.82],
P = 0.095) but failed significance [52]. A comparison
between adjuvant FOLFIRI and 5-FU/FA in patients
with resected liver metastases found no difference
between both arms [53].
The EORTC 40983 trial randomised patients with

resectable metastases (defined as technically resectable
and �4 metastases) to perioperative chemotherapy
(3 months FOLFOX pre- and 3 months FOLFOX
postoperatively) or to surgery alone. In the intention-
to-treat analysis the trial was negative, even though
a strong trend for a better disease-free survival
was observed (HR 0.79 [0.62–1.02], P = 0.058) [41].
Because an analysis according to the usually definition
for progression-free survival, as well as the analysis
for patients actually resected, were positive [41],
a common interpretation is that a benefit for the
resectable patients was shown. To clarify this situation,
which is unsatisfying from a strictly evidence based
point of view, a literature based meta-analysis was
performed that compared liver surgery alone with
surgery plus any perioperative or postoperative ther-
apy. As this metaanalysis found a significant ben-
efit regarding disease-free survival for surgery plus
chemotherapy [54], it is difficult to regard surgical
treatment alone as standard of care.
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Uncertainty remained whether patients with re-
sectable metastases actually need a neoadjuvant ther-
apy or whether adjuvant treatment is sufficient. While
neoadjuvant treatment increases perioperative morbid-
ity (see above), the rate of 24% of patients in the
EORTC study not receiving adjuvant therapy [41] un-
derlines one advantage of neoadjuvant therapy − that
all patients receive at least three months of chemother-
apy. A NSABP study (NCT01189227) and a German
AIO trial (NCT01266187) are randomising patients
to a perioperative vs. adjuvant chemotherapy with
bevacizumab/FOLFOXIRI or cetuximab/FOLFOX.
While ESMO recommends a perioperative ther-

apy [55], the German guidelines, among others,
recommend considering neoadjuvant or adjuvant treat-
ment without clear recommendation of any chemo-
therapy [56]. At first glance, more balanced recom-
mendations to adjuvant therapy for “easily” resectable
metastases (�2 metastases, metachronous) and to
neoadjuvant therapy for “less favourable” metastases
have the counterargument that in the EORTC study
most patients had single metastases and metachronous
metastases.

Complete response

Macroscopically complete response

Treatment until macroscopically complete remis-
sion is not the current aim of treatment, because
(1) metastases should probably be resected despite CR,
(2) to find the metastases will become more difficult
during resection and (3) the longer treatment increases
morbidity. However, despite close follow up, aiming
for complete remission of metastases cannot always be
avoided. This applies especially to smaller metastases
if larger metastases limit the resection and require a
longer treatment.
Stephan Benoist and co-workers reported a retro-

spective cohort of patients who had liver metastases
“disappearing” on CT-scans. Out of 66 disappeared
metastases, 55 (88%) were not regarded as “cured”:
20 metastases were macroscopically visible at resec-
tion, 12 had viable tumour when the segment was
resected, and 23 metastases recurred during the first
year of follow up [57]. In contrast to these data,
in a small cohort described at the Institute Gustav
Roussy, out of sixteen patients with disappearing
liver metastases (mostly treated with intra-arterial
therapy), ten patients (62%) had no recurrence at
the site of former metastases [58]. Furthermore, a
North American group described 118 disappearing
liver metastases in 39 patients. “Only” 44% of these

patients developed an intrahepatic recurrence with
a median follow-up of >40 months. Significantly
associated with “true complete response” − defined as
no recurrence during follow-up or pathological CR −
were normal CEA, no BMI >30, no steatosis, intra-
arterial therapy and confirmation of disappearance by
MRI [59]. In the presence of these factors, close
follow-up of disappearing liver metastases is an option,
especially if resection of the former metastatic region
would require additional major surgery.

Microscopically complete response

Microscopically complete response (pathologic com-
plete response, pCR) is known to be associated with
better prognosis in different tumour entities. Similar
findings − a 5 year overall survival of 75−76%
compared to 33−56% without pCR − were published
for colorectal liver metastases with complete response
after neoadjuvant therapy [60,61].
In a publication of Adam and co-workers, age

(�60 y), size (�3 cm), low CEA (�30 ng/ml) and
response according to RECIST criteria were signifi-
cantly associated with pCR [60]. Blazer et al found
CEA (�5 ng/ml), size (�3 cm), and chemotherapy
with oxaliplatin/bevacizumab/fluoropyrimidine inde-
pendently associated with pathological response. Re-
garding pathological complete response, there was
no difference in frequency related to chemotherapy
(irinotecan vs. oxaliplatin, with/without bevacizu-
mab) [61].
However, the low frequency of pCR − 29/767 pa-

tients (3.8%/9%) [60,61] − may limit the importance
of pCR in the daily clinical practice and even its
practicability as a primary endpoint of a clinical trial.

Treatment intensification

Different approaches have been investigated to in-
crease efficacy of medical treatment. As the combi-
nation of VEGF- and EGFR-antibodies has shown
disappointing results in first-line therapy [62,63], dis-
cussion will focus on FOLFOXIRI-like combinations
plus antibodies and on intra-arterial therapy.

Chemotherapy triplets and antibodies

The GONO group performed a phase II study with
bevacizumab plus FOLFOXIRI and found a promising
activity (response rate 77%, progression-free survival
13 months) with a R0 resection rate of 20% in the
selected patient group without increased toxicity.
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In the POCHER study, a chronomodulated oxali-
platin/irinotecan/5-FU schedule was explored in com-
bination with cetuximab. The relatively high activ-
ity (response rate of %, progression-free survival
12 months, overall survival 37 months) was associated
with a R0 resection of 60%. However, doses of all
cytotoxic drugs were reduced during the study due
to toxicity [64]. A French group used the FOLFORI-
NOX regimen − high standard doses of irinotecan
(180mg/m2), oxaliplatin (85mg/m2) and 5-FU (400/
2400 mg/m2) − for a study with the primary endpoint
of complete response. CR rate was 12%, the overall re-
sponse rate 81%, progression-free survival 10 months,
but the toxicity higher than in other studies for
colorectal cancer (e.g., diarrhoea grade �3 in 52%).
A phase I study on FOLFOXIRI in a schedule similar
to that of Falcone and co-workers [22] has shown
feasibility at reduced irinotecan doses (125mg/m2)
and response rates of 75%, progression-free survival
14 months [65].
With current knowledge, randomised trials should

be the context of FOLFOXIRI-like regimens plus
antibodies.

Intra-arterial regimens

With the availability of newer drugs, interest in intra-
arterial therapy has decreased as better efficacy can be
achieved with a less complex, systemic combination
therapy. Some publications from highly specialised
centres have demonstrated that the combination of in-
traarterial and systemic therapy induces high response
rates [66,67] and might improve efficacy even in the
era of new systemic drugs.

Summary

The identification of patients with resectable and
potentially resectable metastatic disease is important.
For resectable patients, the superiority of a com-
bined approach has been shown. Mostly, perioperative
chemotherapy with FOLFOX as established in the
EORTC 40983 trial is recommended; postoperative
chemotherapy might be an alternative and is being
compared to perioperative treatment in randomised tri-
als. In patients with non-resectable (liver) metastases,
response followed by resection is mostly the treatment
aim, which can be achieved by multiple regimens.
In phase III trials, especially FOLFOXIRI [22] and
cetuximab plus doublet (e.g. FOLFIRI [37]) have
shown high response rates and increased resection
rates compared to the control arm. More intensive
schedules are under investigation.

Re-evaluation for resectability should be performed
at least at three and six months during chemotherapy.
Resection is currently recommended as soon as
resectability is assumed from imaging, as longer
chemotherapy is associated with increased morbidity
and complete remission is not generally regarded as
the treatment aim.

Conflict of interest statement

G. Folprecht received a study grant from Merck
KGaA, honoraria for ad-hoc advisory boards from
Roche, Bristol-Myers-Squibb and Merck KGaA, and
lecture honoraria from Merck KGaA, Roche, Novartis
and Amgen.

References

1 Adam R, Wicherts DA, de Haas RJ, et al. Patients with initially
unresectable colorectal liver metastases: is there a possibility of
cure? J Clin Oncol 2009 Apr 10;27(11):1829−35.

2 van der Pool AE, Damhuis RA, Ijzermans JN, et al. Trends
in incidence, treatment and survival of patients with stage IV
colorectal cancer; a population-based series. Colorectal Dis 2010
Dec 22.

3 Kopetz S, Chang GJ, Overman MJ, et al. Improved survival
in metastatic colorectal cancer is associated with adoption of
hepatic resection and improved chemotherapy. J Clin Oncol
2009 Aug 1;27(22):3677−83.

4 Sobin LH, Gospodarowicz MK, Wittekind C. TNM classification
of malignant tumours, 7th edn. Wiley-Blackwell; 2009.

5 Adam R, Aloia TA. Is hepatic resection justified after
chemotherapy in patients with colorectal liver metastases
and lymph node involvement? J Clin Oncol 2009 Mar 10;
27(8):1343−5.

6 Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG. Evaluation
of long-term survival after hepatic resection for metastatic
colorectal cancer: a multifactorial model of 929 patients. Ann
Surg 2008 Jan;247(1):125−35.

7 Fong Y, Fortner J, Sun RL, Brennan MF, Blumgart LH.
Clinical score for predicting recurrence after hepatic resection
for metastatic colorectal cancer: analysis of 1001 consecutive
cases. Ann Surg 1999 Sep;230(3):309−18.

8 Fowler WC, Eisenberg BL, Hoffman JP. Hepatic resection
following systemic chemotherapy for metastatic colorectal
carcinoma. J Surg Oncol 1992 Oct;51(2):122−5.

9 Giacchetti S, Itzhaki M, Gruia G, et al. Long-term
survival of patients with unresectable colorectal cancer
liver metastases following infusional chemotherapy with
5-fluorouracil, leucovorin, oxaliplatin and surgery. Ann Oncol
1999 Jun;10(6):663−9.

10 Masi G, Loupakis F, Pollina L, et al. Long-term outcome
of initially unresectable metastatic colorectal cancer patients
treated with 5-fluorouracil/leucovorin, oxaliplatin, and irinotecan
(FOLFOXIRI) followed by radical surgery of metastases. Ann
Surg 2009 Mar;249(3):420−5.

11 Tomlinson JS, Jarnagin WR, DeMatteo RP, et al. Actual 10-year
survival after resection of colorectal liver metastases defines
cure. J Clin Oncol 2007 Oct 10;25(29):4575−80.



Neoadjuvant chemotherapy for non-/resectable metastases S59

12 Folprecht G, Grothey A, Alberts S, Raab HR, Köhne CH.
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