
Giammaria Fiorentini, Donatella Sarti, Camillo Aliberti, Riccardo Carandina, Andrea Mambrini, 
Stefano Guadagni

REVIEW

190 June 10, 2017|Volume 8|Issue 3|WJCO|www.wjgnet.com

Multidisciplinary approach of colorectal cancer liver 
metastases

Giammaria Fiorentini, Donatella Sarti, Onco-Ematology De-
partment, Azienda Ospedaliera “Ospedali Riuniti Marche Nord”, 
61122 Pesaro, Italy

Camillo Aliberti, Riccardo Carandina, Oncology Radiodiagnostics 
Department, Oncology Institute of Veneto, Institute for the Research 
and Treatment of Cancer, 35128 Padova, Italy

Andrea Mambrini, Oncology Department, Carrara General Hos-
pital, 54033 Carrara, Italy

Stefano Guadagni, Department of Applied Clinical Sciences 
and Biotechnology, Section of General Surgery, University of 
L’Aquila, 67100 L’Aquila, Italy

Author contributions: Fiorentini G and Sarti D wrote the paper 
and made tables and figures; Aliberti C, Carandina R, Mambrini A 
and Guadagni S collected the data.

Conflict-of-interest statement: Authors declare no conflict of 
interests for this article.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Giammaria Fiorentini, Onco-Ematology 
Department, Azienda Ospedaliera “Ospedali Riuniti Marche Nord”, 
Via Lombroso 1, 61122 Pesaro, 
Italy. g.fiorentini@alice.it
Telephone: +39-0721-364005
Fax: +39-0721-364094

Received: January 20, 2017
Peer-review started: January 20, 2017
First decision: March 27, 2017

Revised: April 27, 2017
Accepted: May 3, 2017
Article in press: May 4, 2017
Published online: June 10, 2017

Abstract
Large bowel cancer is a worldwide public health challenge. 
More than one third of patients present an advanced 
stage of disease at diagnosis and the liver is the most 
common site of metastases. Selection criteria for early 
diagnosis, chemotherapy and surgery have been recently 
expanded. The definition of resectability remains unclear. 
The presence of metastases is the most significant 
prognostic factor. For this reason the surgical resection of 
hepatic metastases is the leading treatment. The most 
appropriate resection approach remains to be defined. 
The two step and simultaneous resection processes of 
both primary and metastases have comparable survival 
long-term outcomes. The advent of targeted biological 
chemotherapeutic agents and the development of 
loco-regional therapies (chemoembolization, thermal 
ablation, arterial infusion chemotherapy) contribute to 
extend favorable results. Standardized evidence-based 
protocols are missing, hence optimal management of 
hepatic metastases should be single patient tailored and 
decided by a multidisciplinary team. This article reviews 
the outcomes of resection, systemic and loco-regional 
therapies of liver metastases originating from large bowel 
cancer. 
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metastases (CRC-LM) treatment allows the down-staging 
of several patients. There is currently no agreement in 
the correct sequence of surgical resection of the primary 
cancer and metastatic disease. Surgical resection can be 
performed if the complete removal of cancer is achievable, 
leaving an adequate normal liver tissue. Neoadjuvant 
chemotherapy is widely accepted as primary therapy. 
Chemotherapy may lead to disease regression for 
unresectable CRC-LM, allowing resection and cure. The 
application of loco-regional therapies is increasing. They 
are recommended as third-line treatment for unresectable 
CRC-LM and have a palliative intent.
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INTRODUCTION
Colorectal cancer (CRC) is an increasing global health 
issue[1,2] It is the most common gastro-intestinal tumor 
and the third most frequently diagnosed malignancy 
worldwide. It has a mortality rate of up to 10%[1,2]. Most 
recent epidemiological data show more than 1.4 million 
newly diagnosed CRC each year[1,2]. 

The liver is the most common site of CRC meta-
stases with an incidence of 15%-20% at diagnosis. CRC 
patients have a > 50% probability of liver metastases 
development[3]. The majority of CRC liver metastases 
(CRC-LM) were defined not resectable in the past century. 
Surgery methods are considerably improved nowadays, 
resulting in cure or survival increase. CRC-LM resection 
rates are also increased[4]. Recent updating of resectability 
criteria of CRC-LM considerably improves outcomes, 
resulting in 5 and 10-year survival rates of 40% and 25% 
respectively[5,6]. 

Notwithstanding these good outcomes, the recurrence 
rate one year after metastasis resection is 30% and a 
recent study on CRC-LM survival after resection shows a 
5-year survival of 16%-71%[7]. 

Neoadjuvant chemotherapy allow initially unresectable 
CRC-LM patients to have long term survival similar to 
those of resectable patients[8-12]. Chemotherapy efficacy, 
in terms of tumor reduction, is strongly correlated to 
resectability[10-13]. For this reason, chemotherapy associated 
to biological agents is increasingly used as resectability 
conversion of CRC-LM from unresectable to resectable. This 
method can efficiently increase downsizing rates[14,15]. 

Candidate selection for resection is still difficult and 
several CRC-LM patients are never referred to hepatobiliary 
multidisciplinary group[10,13]. For this reason CRC-LM patients 
need a multidisciplinary team for treatment decision. This 
team should include specialists from different disciplines: 
Oncology, surgery, radiology and radiotherapy. The purpose 

of this review is to examine the current management of 
CRC-LM, in order to better define potential advantages and 
limitations of the several available treatments. 

PERIOPERATIVE EVALUATION
The perioperative evaluation of a patient’s global health 
and liver function is essential to reduce postoperative 
complications. A dedicated multidisciplinary team should 
assess co-morbidities and patient’s performance status 
in order to decide a future treatment plan. Complete 
blood examination should be performed before surgery, 
to assess liver function [alanine aminotransferase (ALT), 
glutamic-oxalacetic transaminase (AST)], coagulation 
profile, bilirubin, creatinine and tumor markers, such as 
carcinoembryonic antigen (CEA). 

Exclusion criteria for surgery include several factors 
to guarantee patient safety. They include advanced age, 
male gender, low serum albumin, presence of liver disease 
(hepatitis or alcoholic hepatitis), ascites, kidney or car-
diologic impairment, bleeding syndromes, and chronic 
obstructive pulmonary disease[16-18]. 

Morbidity and mortality after liver resection is often 
due to inadequate function of remnant liver, leading to 
liver failure. Morbidity and mortality rates are around 
61% and 11%, respectively[16,17]. 

The remnant liver cannot sustain metabolic, synthetic, 
and detoxifying functions if reduced below a critical liver 
volume[18]. Liver volume is not the best index for liver 
functionality assessment[16-20]. Patients with concomitant 
liver disease may have impaired liver regeneration capacity 
due to cirrhosis, steatosis, or jaundice obstruction[20].

Most chemotherapeutic agents (5-fluorouracil, irino-
tecan, oxaliplatin) can result in hepatic damage and 
modification of liver regeneration[11,19-22]. 

Morbidity and mortality after liver resection may be 
improved by measuring the intake of 99mTc mebrofenin 
of tumor-free liver in a pre-operative setting, in order 
to assess the risk of liver failure and liver failure-related 
mortality after partial liver resection[17]. 

During liver regeneration induced by partial hepat-
ectomy, normally quiescent hepatocytes start to replicate 
in order to restore the original liver. Several genes are 
involved in liver regeneration, including cytokine, growth 
factor and metabolic genes[21]. Several studies show that 
recurrence and progression are directly proportional to 
the amount of liver resected[22,23]. 

Neoadjuvant chemotherapy may induce hepatic changes, 
such as steatohepatitis, hepatic sinusoidal obstruction 
and periportal inflammation, negatively affecting patient 
outcome[20,21] and increasing the risk of liver failure and 
death after major liver resection. A normal liver can bear an 
extensive resection. Severely compromised livers, on the 
contrary, cannot tolerate even a minor hepatectomy[8,9,19]. 
For this reason, monitoring the functionality of surrounding 
tumor-free liver needs to be highly considered for selection of 
surgical method. 
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RADIOLOGICAL ASSESSMENT
CRC-LM radiological study is necessary for assessment 
of surgical resectability. This can be performed using any 
of these main radiological methods: Magnetic resonance 
imaging (MRI), computed tomography (CT) and positron 
emission tomography (PET) scan[24]. Liver metastases 
can be detected as hypoattenuating lesions, when using 
contrast-enhanced normal or multidetector CT scans with 
a sensitivity rate of 85% and 90%, respectively[25]. MRI 
performed with liver-specific contrast agents has > 90% 
sensitivity in cases of underlying liver disease (steatosis, 
cirrhosis) or very small lesions (< 1 cm). For this reason 
MRI is better than CT for metastasis detection[26]. 

Specificity of CT, MRI and PET is very high: 95%, 93%, 
and 97% respectively. PET scan is useful to obtain whole 
body map, to identify extrahepatic disease (EHD) and to 
assess resectability[24]. A recent study showed that the 
FDG PET scan is the best radiological modality for detecting 
CRC-LM. It can have high false negative rates in patients 
recently treated with chemotherapy[17,18]. The association 
of CT to FDG PET scans is highly recommended because it 
improves the sensitivity up to 97%[24]. 

Nowadays, also intraoperative ultrasound (IOUS) 
is a mandatory surgical tool to confirm preoperative 
investigations by CT or MRI and for detection of missed 
lesions[27]. 

CRITERIA FOR RESECTABILITY 
The preferred therapy for CRC-LM is surgery, providing up 
to 50% survival at five-years[28]. Patient selection criteria 
for resectability are not standardized and still controversial 
in clinical practice. The American Hepato-Pancreato-
Biliary Association (AHPBA) consensus on definition 
of resectability is currently accepted by most liver 
surgeons[28,29]. Main CRC-LM resection criteria of AHPBA 
are: Presence of disease confined to the liver as identified 
after surgery of primitive cancer; disease in a single 
hepatic lobe; < 3 nodules; the largest size of nodules < 5 
cm in diameter; margin FLR > 1 cm. According to these 
criteria, however, less than 10% of patients would be 
indicated for resection. 

The classification of resectable disease is broader 
nowadays, increasing the number of resections[30]. 
Current guidelines generally agree that resection should 
be performed for liver metastases only[12,30,31], but hepa-
tectomy and resections of concomitant extrahepatic 
disease are considered[32]. The remaining liver must be 
undamaged and at least 20% or 25% of the whole hepatic 
volume, and have a full functional vascular and biliary 
in- and out- flow. In this case also multiple resection can 
be performed[8,14,30]. The survival advantage of repeated 
resection is close to that after the surgery of primary 
hepatic disease[33]. Hepatic resection safety depends on: 
Age of patients, performance score, and concomitant 
hepatic impairments. Resection is contraindicated when 
the following are observed: Non resectable extra hepatic 
tumor; wide involvement of parenchyma; or patient’s poor 

general conditions.
Possible prognostic factors of resection outcome of 

CRC-LM are: Age, sex, synchronous or metachronous 
hepatic metastases, tumor size, number and distribution of 
LM, primary tumor stage, extrahepatic distant metastases, 
surgical margin, type of primary hepatic tumor surgery 
and previous tumor pharmacological therapy, levels of 
tumor markers. 

Fong et al[34] report data from 1001 CRC-LM patients 
who were candidates for resection. These data led to 
the identification of seven criteria for worse prognosis 
prediction after resection. Five of these criteria are actually 
used for the Clinical Risk Score (CRS) that is a preoperative 
scoring system. These criteria are: Disease-free interval 
from primary to metastases < 12 mo; largest hepatic 
tumor > 5 cm in diameter; node-positivity; number of 
lesions > 1; and CA 19-9 > 200 ng/mL. Positive prognosis 
after surgery corresponds to a score < 2. Scores of 3-4 
indicate that patients are candidates for resection followed 
by adjuvant therapy. Prognosis is poor when the score 
is five. The appropriateness of CRS is proved. CRS can 
predict patients’ response and OS[35]. 

A new method has been recently introduced in the CRC-
LM resectability criteria assessment[5]. Resection criteria 
are different. They depend less on the size, number, and 
location of the metastases. They give more importance to 
the volume and function of the future liver remnant (FLR), 
which should be > 25% estimated normal liver parenchyma 
or 30% in the presence of impaired liver function[36]. 
Metastases are considered resectable if the excision of all 
metastatic lesions can be obtained with an adequate FLR[37] 

and the presence of EHD is currently no longer considered 
as a contraindication[5]. The new requirements for LM 
resection are: R0 resection achievement of intrahepatic 
and extra hepatic disease; adequate FRL; and > 2 adjacent 
liver segments to be spared with blood and bile inflow and 
outflow preservation[31,37]. 

TIMING OF COLON AND LIVER 
RESECTION 
The best sequence and timing of CRC-LM resection is still 
under debate and many options are available. The use of 
up front chemotherapy is increasing. Strong evidence is 
missing and there are currently no randomized controlled 
trials comparing the different approaches[38]. 

The classic surgical method is “primary first”, whose 
suggested sequence is to firstly resect the primary CRC, 
then to administer the chemotherapy and after 3-6 mo 
to eventually resect the LM. This approach is indicated for 
patients with advanced or symptomatic CRC, important 
comorbidities, or inadequate FLR. In cases of advanced 
CRC, indeed, the chemotherapy may be associated with 
high complication rates and the insurgence of disease 
progression may lead to unresectability[39]. Any delay 
correlated to complications during surgery of CRC may 
also increase the risk of progression occurrence for some 
patients[40,41]. A possible benefit of this method can be 
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the possibility to identify previously occult LM that may 
become visible during adjuvant chemotherapy. This 
allows avoidance of the morbidity of a liver resection. 

Another surgical method is the “synchronous resection 
of LM and primary CRC”. This approach can avoid delays 
in chemotherapy treatment that can be started earlier 
if no complications occur after surgery. The possible 
disadvantage of this method is the increased postoperative 
morbidity and mortality because of infection resulting 
from bacterial contamination of the surgical field[36]. For 
this reason this approach is indicated for patients who can 
tolerate long operative times[6]. 

The third available surgical method is the “alternative 
staged liver-first” approach that firstly resect the LM, 
then administer 3-6 cycles of chemotherapy, and at last 
resect the primary CRC. Adjuvant chemotherapy can be 
administered in between both procedures. Recent data 
report that this method is indicated for selected patients 
with advanced CRC-LM, and when neo-adjuvant and 
adjuvant chemotherapy may have better results[9,12]. 

CHEMOTHERAPY FOR RESECTABLE 
CRC-LM
Neo-adjuvant chemotherapy
The utility of neoadjuvant chemotherapy for CRC-LM is 
unclear even if there is the tendency to use it frequently[15]. 
There are many advantages of neo-adjuvant treatment 
such as increasing tumor sensitivity, downstaging large or 
multiple liver lesions, increasing resectability, and treating 
micrometastases[8,9,11]. This therapy also allows better 
planning for the date of surgical resection.  

On the other hand, neo-adjuvant chemotherapy can 
delay surgical treatment, which may be detrimental for 
patients, increasing the risk of disease progression[12,15]. 
This chemotherapy can also induce liver toxicity, such 
as steatohepatitis, increasing postoperative mortality. It 
can also mask metastases on preoperative imaging, as is 
observed in 5%-25% of cases[42]. 

Perioperative chemotherapy is widely used for patients 
with unresectable disease (Table 1 and Figure 1) with the 
purpose of reducing disease progression, which occurs 
in 50%-70% of patients after surgery[3]. A multicentre 
randomized trial compared surgery alone with perioperative 
chemotherapy (6 cycles of preoperative and post op-
erative FOLFOX4) in 364 unresectable CRC-LM patients. 
The results of this study showed no significant differences 
in five-year OS for the two groups; nevertheless, pro-
gression-free survival (PFS) increased by 7.3% at 3 
years in the perioperative chemotherapy group[43]. The 
rate of post-operative complications is also increased and 
is directly proportional to the length of therapy. For this 
reason, it is suggested that only 6 cycles of chemotherapy 
for no longer than 3 mo should be performed, in order to 
reduce toxicity[28], especially for patients who need a major 
hepatectomy[44]. 

Patients with more than 3 lesions, and tumor dia-
meter greater than 3 cm are clearly indicated for this 
treatment. The surgery of lesions should be done 4-8 wk 
after the neo-adjuvant chemotherapy. In summary, the 
advantages of neo-adjuvant chemotherapy outnumber 
the disadvantages, and we are in favor of its utilization. 

Adjuvant chemotherapy
The ultimate dilemma after complete CRC-LM resection 
is the rate of recurrence that is reported as high as 60% 
after complete surgical excision. Several studies show 
the benefits of adjuvant therapy such as FOLFOX4 (folinic 
acid, fluorouracil, and oxaliplatin), resulting in longer 
disease-free-survival (DFS)[45] than liver resection alone.

Adjuvant chemotherapy also increases OS when 
compared to surgery alone, even if the difference is not 
statistically significant[46,47]. 

The classic adjuvant chemotherapeutic drugs are: 
5-fluorouracil/leucovorin (5-FU/LV), capecitabine, oxali-
platin and irinotecan[47]. New molecular-targeted agents 
are now available. They include anti-angiogenic drugs 
(bevacizumab, regorafenib and aflibercept) and anti-

Table 1  Recommendations for perioperative and conversion therapy (adapted from ESMO 2016[110])

Perioperative treatment 
  It is defined by technical criteria for resection and prognostic considerations 
  It may not be necessary in patients with clearly resectable disease and favourable prognosis, in this case upfront resection is justified 
  It should administer FOLFOX or CAPOX to patients with resectable disease and unclear (probably unfavourable) 
  Targeted agents should not be used in resectable patients with prognostic indication for perioperative treatment 
  It should be considered when prognostic and resectability criteria are unclearly defined, and in patients with synchronous onset of metastases 
  Adjuvant chemotherapy is not strongly indicated for patients with favourable oncological and surgical criteria, who did not receive any neoadjuvant 
  chemotherapy 
  Adjuvant chemotherapy is indicated for patients with unfavourable criteria 
  Adjuvant treatment with FOLFOX or CAPOX is recommended for patients who have not received any previous chemotherapy, unless patients  
  already received oxaliplatin-based adjuvant chemotherapy 
  The choice of chemotherapy type should consider patients’ clinical conditions and therapy preferences 
Conversion therapy
  A chemotherapy regimen leading to high response rates and/or a large tumour shrinkage is recommended for potentially resectable patients 
  The best drug combination to use is still not clear because only few trials have addressed this issue:
  RAS wild-type patients may benefit from a cytotoxic doublet plus an epidermal growth factor receptors agents antibody (best benefit/risk), and 
  from the combination of FOLFOXIRI plus bevacizumab and, to a lesser extent, from a cytotoxic doublet plus bevacizumab
  RAS mutant patients may benefit from a cytotoxic doublet plus bevacizumab or FOLFOXIRI plus bevacizumab
  Patients must be re-evaluated regularly (every 2-3 mo) to prevent the overtreatment of resectable patients
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epidermal growth factor receptors agents (anti-EGFR), 
such as cetuximab and panitumumab. These agents 
are widely used as adjuvant treatment without any 
evidence of clinical benefit[48]. 

Adjuvant chemotherapy after metastasectomy is 
generally recommended by clinicians, even if the best 
regimen protocol is still unclear, and should be considered 
in a patient dependent manner[24]. There, efficacy of 
adjuvant chemotherapy on OS for resectable CRC-LM 
is still under discussion[45]. The National Comprehensive 
Cancer Network (NCCN) guidelines suggests the use of 
more than one chemotherapy line[48]. Most study agree 
that 5-FU/LV with or without oxaliplatin should always 
be used as first-line[47]. More recently, however, the 
use of combination therapy is increasing, and several 
combinations have emerged. 

A recent study on FOLFIRI (5-FU/LV and irinotecan) 
vs 5FU/LV after R0 (complete resection) of CRC-LM 
does not report any difference in OS and median DFS. 
FOLFIRI improves DFS, but causes more frequent grade 
3/4 toxic adverse events (47% vs 30%)[49]. 

We suggest the use of adjuvant chemotherapy in 
patients with multiple lesions that are found in more than 
3 liver segments, where the surgery, even if radical, may 
not be able to remove undetected tumor deposits.

CHEMOTHERAPY FOR UNRESECTABLE 
CRC-LM
Patients with unreserctable CRC-LM from diagnosis 

should receive chemotherapy in order to downstage the 
disease and allow the surgery (Figure 1 and Table 2).

About 70% of patients with CRLM are unresectable 
at diagnosis[4]. They have a complicated disease, 
often requiring a combination of loco-regional therapy 
(chemoembolization, hepatic arterial infusion, ablation 
or radiation). 

Perioperative chemotherapy is widely used also 
for unresectable CRC-LM, even if there is no proof of 
OS improvement[50]. Systemic chemotherapy remains 
the first-line therapy. FOLFOXIRI followed by surgical 
resection has a 70.4% response rate, and 19% of 
patients obtain R0. OS at 5 and 8 years are 42% and 
33% respectively, and 29% of patients are disease free 
at 5 years[51]. 

Downstaging of unresectable CRC-LM ranges from 5% 
to 38%. This is due to multiple factors including disease 
extension, type and duration of chemotherapy[51]. The 
purpose of the “conversion chemotherapy” in unresectable 
CRC-LM patients is to convert their disease to resectable, 
and is often the first line treatment. Standard regimens 
include FOLFIRI or FOLFOX that induce downstaging in 
7%-40% of patients[12]. Giacchetti’s group reports that 
FOLFOX reduces the LM dimension by more than 50% 
in 59% of non-resectable CRC-LM, resulting in 38% of 
CR[52]. FOLFOXIRI allows 36% of R0 in LM patients[53]. 
The METHEP trial reports that FOLFIRINOX seems to be 
better therapy for CRC-LM than the others, bringing to 
resection 67% of cases with a survival > 48 mo. These 
results confirm that OS is greater for patients after R0 or 

Fit patients

Potentially 
resectable

Resectable

CHT

Not resectable, 
symptomatic, 
with multiple 
metastases

If suitable

Unfit patients

FP + bevacizumab:
Reduced dose 
doublet; anti-EGFR

BSC or 
palliative 
care

RAS wt RAS mut BRAF mut

CHT triplet + 
bevacizumab

CHT combination 
+ bevacizumab

CHT doublet 
+ anti EGFR

PD

Second line CHT

Third line 
or ablative 
therapies

PD

Continue CHT, 
maitenance or pause

Surgery alone or 
surgery with peri-
and/or post-
operative CHT

Resecablility 
reversion

No resecablility 
reversion

Figure 1  Treatment indications for fit and unfit colorectal cancer liver metastases patients. BSC: Best supportive care; CHT: Chemotherapy; EGFR: Epidermal 
growth factor receptors agents; mut: Mutated; FP: Fluoro pyrimidine. Adapted from ESMO 2016[110].
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R1 surgery, 65.2 mo vs 18.3 mo of not-operated or R2 
patients[54].

The use of bevacizumab is increasing for unresectable 
CRC-LM[55,56], even if the benefits are extremely limited. A 
slight gain in response rate is observed when bevacizumab 
is associated with FOLFOXIRI as first line chemotherapy. 
The association of bevacizumab to first and second line 
chemotherapy for CRC-LM improves PFS[57-60] and OS 
in some studies[59,60]. Available data on the efficacy of 
bevacizumab associated to perioperative chemotherapy 
are limited. This may be due to concerns about possible 
complications in wound healing after resection[61,62]. The 
Bevacizumab Expanded Access Trial reports good feasibility 
of LM surgery after first-line chemotherapy associated to 
bevacizumab, resulting in resection rates of 11.8% and 6% 
of R0[63]. Bevacizumab association with FOLFOX, however, 
obtains higher resection rates (16.1%) than with FOLFIRI 
(9.7%), and higher R0 (6.3%) than FOLFOX plus placebo 
(4.9%) (P = 0.24)[62]. Neoadjuvant capecitabine and 
oxaliplatin (CAPOX) plus bevacizumab resulted in 40% of 
CRC-LM resectability conversion[63]. Loupakis et al[55] report 
64% of tumor response and 15% of rate of resection of 
CRC-LM after FOLFOXIRI plus bevacizumab, vs 53% and 
12% respectively after FOLFIRI/bevacizumab. 

Transarterial chemoembolization with irinotecan 
combined with FOLFOX plus bevacizumab chemotherapy 
results in a response rate of 78%, and allows resection 
of 35% of non resectable CRC-LM, offering a new cure 
option to these patients[64].

A recent report by Stremitzer et al[65] shows that 
mutated BRAF/RAS are correlated to a poor outcome 
after CRC-LM surgery. This is in agreement with the 
results of other 3 studies[66-69]. These important evidences 
support the application of newer methods for the therapy 
of liver metastases, associating biological molecular 
aspects (biological resectability) to the other clinical and 
pathological indexes for the selection of good surgical 
candidates and the prediction of their outcomes.

Anti-EFGR agents such as cetuximab and panitu-

mumab are effective alone as well as in association with 
chemotherapy in CRC-LM that are RAS (both KRAS and 
NRAS) wild type[69]. Some randomized trials report the 
effects of cetuximab for the therapy of unresectable CRC-
LM. The OPUS trial[70] showed that the association of 
FOLFOX-4 plus cetuximab as up front therapy doubled 
R0 (4.7%). The CRYSTAL study[71] showed that the 
association of FOLFIRI plus cetuximab as up front therapy 
increased the R0 resection rate from 3.7% to 7.0%. The 
CELIM trial[11] reported that neoadjuvant treatment with 
FOLFIRI plus cetuximab or FOLFOX6 resulted in 34% of R0 
resections. Other studies also report that chemotherapy 
containing cetuximab significantly improves R0 in un-
resectable CRC-LM with KRAS wild-type[72,73]. There are 
differences in resection rates among the above studies. 
Overall response rate is in the range 60%-79%, however, 
resection rates after chemotherapy/cetuximab are very 
variable (Table 2). These discrepancies may be due to 
the fact that the resection rate is defined and determined 
by clinical conditions of the patients and not by specialist 
oncologists in CRYSTAL and OPUS studies. Resection 
evaluation is done by a multidisciplinary team in the other 
trials. 

The COIN[74] and NORDIC Ⅶ[75] trials report no 
advantage for the association of oxaliplatin based chemo-
therapy/cetuximab in first-line treatment of CRC-LM, 
independently from K-RAS status.

Resection rates of first-line FOLFIRI/panitumumab 
treatment of CRC-LM are 15% and 7% in the KRAS wild 
type (WT) and mutant groups respectively[76]. FOLFOX4 
plus panitumumab results in 32% of R0 resections vs 
28% of those receiving only FOLFOX4[77]. A post hoc 
analysis of the PRIME study on RAS WT (KRAS, NRAS) 
shows that panitumumab/FOLFOX can convert to 
resection 31% of initially unresectable CRC-LM patients 
and lead to 29% of R0 (Table 2)[78]. A further analysis 
of PRIME trial also shows that NRAS mutations are 
indications of non-response to panitumumab[77]. For 
this reason, it is extremely important to analyze other 

Table 2  Conversion rates in colorectal cancer liver metastases after perioperative chemotherapy

Trial name Chemotherapy type Control n KRAS status Overall 
response

Conversion to 
resection

R0 resection

BEAT[61] FOLFOX/XELOX/FOLFIRI or 
fluoropyrimidines + bevacizumab

No 1914 Not selected NA 11.80% NA

First BEAT[62] FOLFOX/XELOX + bevacizumab Placebo 1914 Not selected 38% 11.80% 6.3% vs 4.9%
OPUS[70] FOLFOX + cetuximab FOLFOX   233 Wilde type 61% vs 37% 9% 4.7% vs 2.4%
POCHER[72] Chr IFLO + cetuximab No     43 Wild type 79% 60% 25.70%
PRIME[77] FOLFOX + panitumumab FOLFOX   591 Wild type 57% vs 48% 31% vs 22% 29% vs 17%
CELIM[11] FOLFOX6 + cetuximab FOLFIRI + cetuximab   106 Wild type 68% vs 57% 43% 38% vs 30%
BOXER[63] CAPOX + bevacizumab No     47 Not selected 78% 40% NA
Loupakis et al[55] FOLFOXIRI + bevacizumab FOLFIRI + bevacizumab   508 Not selected 65% vs 53% 15% vs 12% NA
Ye et al[73] FOLFIRI + cetuximab FOLFOX + cetuximab   177 Wild type 57% vs 29% 26% vs 7% NA
CRYSTAL[71] FOLFIRI + cetuximab FOLFIRI   599 Wilde type 47% vs 39% 16% 4.8% vs 1.7%
OLIVIA[79] FOLFOXIRI + bevacizumab FOLFOX + bevacizumab     80 Not selected 81% vs 62% 61% vs 49% 49% vs 23%

CAPOX, XELOX: Capecitabine-oxaliplatin; NA: Not available; Chr IFLO: Chronomodulated irinotecan, 5-fluorouracil, leucovorin, and oxalipaltin; FOLFIRI: 
5-fluorouracil, leucovorin and irinotecan; FOLFOX: 5-fluorouracil, leucovorin, and oxalipaltin; FOLFOXIRI: 5-fluorouracil, leucovorin, oxalipaltin and 
irinotecan.
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types of mutations in the RAS gene to improve patient 
selection for anti EGFR therapy.

The OLIVIA trial studies FOLFOXIRI + bevacizumab 
vs mFOLFOX-6 + bevacizumab and reports an overall 
resection rate of 61% vs 49%, with R0 resection rates 
of 49% vs 23%[79]. 

In conclusion “biologically directed” chemotherapy 
reduces the number and size of unresectable lesions. 
It also allows rescue of 15%-35% of patients, bringing 
them to surgery. These therapies are increasingly used 
worldwide.

EXTRA HEPATIC DISEASE
Extra hepatic disease (EHD) has a poor prognosis[28]. 
Most common sites of EHD from CRC are lymph nodes, 
lungs, peritoneum, brain and bone. EHD is currently 
no longer a contraindication to metastasis resection, 
and patients after surgery have[5] longer DFS and five-
year-survival rates compared to those receiving only 
chemotherapy[5,6]. 

OS after lymph node resection is different according 
to their site and number[80]. Celiac or aorto-caval lymph 
node resections are associated with a worse outcome 
when compared to hepatic pedicle nodes, and mediastinal 
lymph nodes have a worse median survival than intra-
thoracic ones[80]. A high number of lymph nodes positive 
for metastases have also a poor outcome[80]. 

In conclusion, the treatment of EHD is substantially 
palliative, aiming to improve the quality of life[81].

LOCO-REGIONAL THERAPIES
Loco-regional therapies (Figure 2) are indicated for 
patients that are elderly, have a poor performance 
status, refusing surgery or chemotherapy, or refractory 
to chemotherapy. They also allow chemo-holidays with 
suspension of chemotherapy, and prolong the non-
treatment period in between different chemotherapy 
lines. This reduces the treatment costs in respect to 
systemic chemotherapy. 

In the last years new strategies have been develo-
ped in order to overcome several problems: High 
percentage of unresectable CRC-LM at diagnosis, high 
recurrence rates and presence of extensive disease. 
These methods increase the number of patients indi-
cated for non surgical procedures. 

Ablation techniques include radiofrequency abl-
ation (RFA), Microwave ablation and external beam 
radiotherapy (EBRT). RFA is widely used and allows the 
application of extreme temperature to ablate the lesion 
with minimal toxicity (< 1%) in the surrounding liver 
tissue. RFA results in mortality and morbidity < 10% 
independently from the administration route[82]. The “heat 
sink effect” is however a major disadvantage of RFA and 
may cause important hepatic or vascular injury. For this 
reason, RFA is not indicated for unresectable tumors, 
lesions near blood vessels or the diaphragm because of 
the high risk of perforation. Another disadvantage of RFA 

is the recurrence rate that is higher when the tumor is > 
3 cm or when treatment is delivered percutaneously[82,83]. 

Microwave ablation uses high frequency microwave 
radiation to induce coagulation with necrosis of lesions. 
This method, however, is not well known and there are 
several concerns about its feasibility[84]. Available data 
on this method show a 6% local recurrence rate[85]. 

Improvements in imaging methods have increased 
the use of EBRT[86]; that, however, has a low therapeutic 
window, and toxicity is still a major issue. EBRT is safe 
(at 60 Gy) and effective for liver tumors in general and 
in selected patients[87,88]. 

Intra-arterial therapies: Hepatic artery infusion 
Hepatic artery infusion (HAI) is indicated for patients with 
unresectable lesions when physicians want to associate 
an intra-arterial with an endovenous treatment.

The advantage of HAI is to minimize the toxicity 
to normal liver tissue, because the chemotherapeutic 
agents are injected directly to the tumor[89]. Potential 
risks of this method are treatable complications related 
to catheter and pump placement, or life-threatening 
complications such as biliary sclerosis, hepatotoxicity and 
systemic toxicity. For this reason it should be performed 
by experienced hospitals[89-91]. 

Intravenously 5-FU and intra hepatic artery oxa-
liplatin are successfully used[92] for unresectable CRC-
LM. Best results concerning survival and response rates 
are obtained with floxuridine based HAI[93]. 

The comparison of OS between HAI therapy and 
systemic therapy alone (15.9 mo vs 12.4 mo) does 
not show any difference, however, there was a great 
response rate in favor of HIA (43% vs 18%)[94]. 

In conclusion, HAI has interesting results; however 
it is a cumbersome method because it requires the 
implantation of an infusion pump.

Chemoembolization
Trans-arterial chemoembolization (TACE) is increasingly 
used for unresectable CRC-LM, improving survival and 
tumor response[95]. TACE is indicated for unresectable 
CRC-LM as third line therapy, and allows the attainment 
of important palliative results. 

The use of drug-eluting beads for TACE increases 
efficacy, while reducing adverse events due to systemic 
drug leakage or liver toxicity[95-98]. The advantage of 
these beads is the direct delivery of toxic drugs inside the 
arterial capillary bed of the tumor, releasing the drug in 
a controlled manner. In this way the systemic exposure 
to toxic drugs is reduced, their local concentration is 
increased and a greater tissue necrosis than classic TACE 
with lipiodol is obtained[99,100].

The indication for TACE is presence of multinodular 
LM, absence of extra hepatic disease, refractory to 
systemic chemotherapy[101]. 

Recent reports show that TACE with irinotecan 
(DEBIRI) for the treatment of CRC-LM is effective, 
feasible and has limited side effects[95-101]. Systemic 
chemotherapy (FOLFIRI) is compared to DEBIRI for 
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the therapy of refractory CRC-LM in some studies. This 
comparison shows that DEBIRI is statistically better 
than FOLFIRI in terms of OS, PFS, time to extra-hepatic 
progression, and quality of life[95]. 

The association of cetuximab and TACE with iri-
notecan is an improvement in the treatment of CRC-
LM, because these drugs are efficacious and have 
acceptable, and not cumulative, toxicities[102].

The TACE methodology is constantly improving, in 
particular, the last innovation is the introduction of new 
embolics for drug delivery. Among the new types of 
microspheres there are polyethylene glycol (PEG) micro-
spheres (LifePearls, Terumo), that are more resistant to 
stress and attrition. The advantages of these embolics are 
increased suspension time, better catheter deliverability and 
drug retention and release[103]. 

In a recent study we show the data of TACE with PEG 
embolics for the treatment of 20 cases of non resectable 
liver tumors and metastases from colorectal carcinoma, 
breast cancer and uveal melanoma. Irinotecan and 
doxorubicin are used for PLC and LM respectively. More 
than 80% of cases respond to TACE patients. We observe 
63% of CR, and 37% PR. The chemoembolization 
procedure is well tolerated by all the patients with only 
mild or moderate adverse events. These results indicate 
that PEG embolics-TACE is effective and tolerable for the 
therapy of hepatic primary and metastatic cancer[103].

Radioembolization
In the last decade radioembolization (RE) with Yttrium 
90 (Y90) has been widely used for the treatment of CRC-
LM that are refractory to chemotherapy[104]. Objective 
tumor response rates of RE are 33%-48% in second 
line[105,106] and 10%-48% in third line[107-109]. Survival 
and progression free survival are also improved after RE 
application as third line[109]. RE with Y90 has, however, a 
low recommendation in the last ESMO guidelines[110].

The treatment decision is very challenging for CRC-
LM patients that are refractory to chemotherapy. Several 

patients are unfit and have a biologically unfavorable 
progression often associated to comorbidities. Palliative 
care with chemo- or radio-embolization is indicated in 
these cases, in order to avoid too aggressive therapies. 

MULTIDISPLINARY TEAM
The involvement of a multidisciplinary approach should 
be promoted in order to obtain the best CRC-LM 
management and outcomes, and to reduce peri-operative 
morbidity and mortality, prolonging OS and rising resection 
rates[110,111].

For this reason, the multidisciplinary team manage-
ment of CRC-LM is growing in most Western countries[112]. 
The team includes different types of specialists including: 
Liver surgeons; interventional radiologists specialized in 
hepatobiliary disease; an oncologist; a pathologist; and a 
case manager nurse. They have to discuss each case to 
ensure resectability appropriateness and lead to down-
staging wherever possible. The team should be consulted 
about the choice of chemotherapy combination and type 
of targeted agents and care to be used, timing of chemo-
holidays, and follow up. 

Medical oncologists select the most active treatment 
for the shortest time combining chemotherapy to targeted 
drugs, in order to reduce tumor size without damaging 
the normal liver. The definition of the acceptable FRL 
should be performed by a radiologist and a liver surgeon. 
Repeating the resection is safe and effective, obtaining 
survival rates close to those after first resection[112,113]. 
Finally the case manager nurse or the practitioner are 
important in patient’s management, because they provide 
indications on the follow up and assistance.

CONCLUSION
Recent improvements of CRC-LM treatment allows the 
down-staging of several patients, resulting in increased 
number of patients cured or living with longer disease 

Liver directed treatments

Local therapies Loco-regional therapies

Hepatic artery 
infusion

Radio-
embolization

Chemoem-
bolization 
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Radiofrequency 
or microwave 
ablation

External beam 
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Figure 2  Liver directed treatments. TACE: Trans-arterial chemoembolization.
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control. There is currently no agreement about the 
correct sequence of surgical resection of the primary 
cancer and metastatic disease, however, the neoadjuvant 
chemotherapy is widely accepted as up front treatment. 

Surgical resection can be performed if the complete 
removal of cancer is achievable leaving an adequate FRL. 
The use of adjuvant chemotherapy is highly suggested, 
even if standardized protocols are still unclear. The use 
of chemotherapy may lead to disease regression for 
unresectable CRC-LM, allowing resection and cure. 

The application of loco-regional therapies is increasing, 
resulting in high tumor response, however, they are 
not recommended as first-line treatment in case of 
unresectable CRC-LM. 
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