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Abstract
Colorectal cancer is a very common malignancy world-
wide and development of liver metastases, both syn-
chronous or metachronous, is a common event. Of all 
patients with metastatic colorectal cancer, up to 77% 
have a liver-only disease and approximately 10%-20% 
of patients with colorectal liver metastases are consid-
ered resectable at the time of diagnosis. Surgical re-
section of liver metastases remains the best treatment 
option and it is associated with a survival plateau and 
a 20%-25% of long-term survivors. Perioperative che-
motherapy for resectable liver metastases may improve 
resecability of liver metastases and disease free surviv-
al, but its impact on overall survival is still unclear and 
more studies are needed. Moreover, preoperative che-
motherapy can increase postoperative complications. 
Further studies are needed to define the role of adju-
vant chemotherapy after a R0 resection of liver metas-
tases and to define the criteria for a better selection of 
patients candidate to hepatectomy. New strategies such 
as targeted therapies are emerging with promising re-
sults. Optimal management requires a multidisciplinary 
approach, local and systemic, but it is a still pending 
question. Colorectal liver metastases represent a major 
challenge for oncologists and surgeons. In this review 
will be analyzed available data about assessment and 

management of the patients with potentially resectable 
colorectal liver metastases.
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Core tip: Colorectal cancer is a very common malig-
nancy and its incidence is rapidly increasing worldwide. 
Of all patients with metastatic colorectal cancer, up to 
77% have a liver-only disease and about 10%-20% 
of them are considered resectable at the time of diag-
nosis. Surgery actually still represents the best option 
of treatment, but new strategies such as perioperative 
chemotherapy and targeted therapies are emerging 
with promising results. However, optimal manage-
ment requires a multidisciplinary approach, both local 
and systemic. This review aims to critically analyze the 
management of potentially resectable colorectal liver 
metastases.
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INTRODUCTION
Colorectal cancer (CRC) is a leading cause of  cancer-
related morbidity and mortality[1]. The liver is the most 
common site of  CRC metastases and nearly 25% of  
patients with CRC present with synchronous liver me-
tastases at the time of  initial diagnosis and 50%-75% of  
patients within three years after primary colonic surgery 
at the time of  disease recurrence[2-5]. Though most of  
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these patients have a poor prognosis, there is a subset 
of  patients with liver metastases, both synchronous or 
metachronous, that can benefit from radical surgery and 
possibly even achieve cure[6]. In fact, from 25% to 50% 
of  patients with surgically resected colorectal liver me-
tastases (CLM) today can survive five or more years after 
surgery[7-11]. Unfortunately, only a small percentage of  
patients, estimated at 10%-20%, exhibits with initially re-
sectable liver metastases[12] and up to 2/3 of  patients with 
resected CLM will experience a recurrence in the majority 
cases just in the same organ[13,14]. In the last two decades, 
we have observed remarkable advances in the treatment 
of  CLM, both from a medical point of  view with the 
advent of  new chemotherapeutic and biologic agents, 
and with the improvement of  surgical techniques and a 
better definition of  the resectability criteria. However, up 
to now, strong scientific evidences about what is the best 
strategy for the treatment of  CLM are still debated. One 
of  the obstacles to be addressed is the difficulty in defin-
ing “Who is resectable?”. The indications for resection 
of  CLM changed significantly over the years. In the late 
eighties, Ekberg defined restrictive criteria for resectabil-
ity: less than four metastases (uni or bilobar), absence of  
extrahepatic disease, and resection margin of  at least 1 
cm. Moreover, Steele suggested resection of  liver metas-
tases only from colorectal primary, three or less lesions, 
R0 resections, absence of  comorbidities and extrahepatic 
disease[5,15]. Starting from the nineties, these criteria were 
gradually extended, in relation to location and size of  
tumor, number of  lesions, and absence of  extrahepatic 
disease[16]. Currently, the number or size of  hepatic nod-
ules in the hands of  trained surgeons and in high-volume 
liver departments, are no longer considered an absolute 
contraindication to hepatectomy if  the remnant healthy 
liver is > 25%-30%[17]. Preoperative liver magnetic reso-
nance imaging and intraoperative ultrasound offer the 
optimal assessment of  the number, size, and proximity 
of  tumors to key vascular and biliary structures. More-
over, recent guidelines from the National Comprehensive 
Cancer Network (NCCN) (v3.2013) recommend a stag-
ing positron emission tomography scan for patients with 
potentially surgically curable metastatic colorectal cancer. 
Even the simultaneous presence of  potentially resectable 
extrahepatic disease is no longer an absolute contrain-
dication to surgery of  liver metastases, particularly if  
the extrahepatic disease is surgically resectable lung or 
ovarian metastases. From 1996 to 2009 were identified at 
least twelve prognostic scoring-systems, in an attempt to 
predict survival after resection of  CLM as a function of  
the number of  risk factors present in the patient’s medi-
cal history[18]. One of  these scoring-systems was tested by 
Fong et al[3] and assessed five risk factors on approximate-
ly 1000 patients: presence of  metastatic nodes at the time 
of  the surgery of  the primary tumor, disease-free interval 
< 12 mo, > 1 metastatic lesion; size > 5 cm and a value 
of  Carcinoembrionyc Antigen (CEA) > 200 ng/mL. The 
5-year OS ranges from 14% in patients with five risk fac-

tors to 60% in those without risk factors[19]. In an attempt 
to confirm these results, Tomlinson et al have validated 
the reliability of  this “score”, recording a 10-year OS of  
21% in resected patients with a low score (0-2) and of  
10% in those with a high-risk score (3-5)[20]. On the other 
hand, Nordlinger score included seven risk factors: age 
≥ 60 year, extension into the serosa of  the primary can-
cer, lymphatic spread of  the primary cancer, interval less 
than 2 years from primary tumor to metastases, number 
of  metastases ≥ 4, largest size of  liver metastasis ≥ 5, 
definig three risk groups (low, intermediate, high) with 
different 2-years survival rates[21]. Finally, there are increas-
ing clinical evidences that medical perioperative treatment 
may improve the outcome of  these patients[22,23].

NEOADJUVANT CHEMOTHERAPY
Surgery remains the treatment of  choice for cure or 
prolonged survival if  it is possible to obtain a radical re-
section (R0) and with the preservation of  a residual func-
tioning liver of  25%-30% of  the original liver volume. 
The term “neoadjuvant chemotherapy” is reserved for 
chemotherapy for resectable and potentially resectable 
liver metastases prior to surgery. The role of  neoadjuvant 
chemotherapy in the management of  potentially resect-
able CLM is still controversial and debated[24]. In fact, not 
infrequently, in patients with favorable prognostic factors, 
“upfront” surgery of  liver metastases is the preferred 
strategy. An argument in favor of  the use of  preoperative 
chemotherapy is that this may be a good test in vivo to 
evaluate the chemosensitivity of  the tumor. Tumor pro-
gression while on preoperative treatment is almost always 
associated with a poor prognosis, even if  the metastases 
will be resected[25]. Perioperative treatment of  resectable 
liver metastases is supported by the phase Ⅲ European 
Organization for Research and Treatment of  Cancer 
(EORTC) 40983 trial (Table 1). This study randomized 
364 patients with 1-4 resectable CLM to 6 cycles of  pre-
operative and 6 cycles of  postoperative 5-fluorouracil-
leucovorin-oxaliplatin (FOLFOX4) compared with 
surgery alone. The primary endpoint was progression 
free survival (PFS). If  we consider all of  the 364 enrolled 
patients (182 per arm), the gain in PFS at 3 years was 
7.3% in the perioperative chemotherapy arm compared 
with surgery alone, although this difference was not sta-
tistically significant (P = 0.058). If  you take into account 
only the patients who underwent a surgical resection 
of  CLM, then the increase in favor of  the perioperative 
treatment reaches the statistical significance (difference in 
PFS between the two arms of  9.2%, P = 0.025)[22]. In a 
recent update of  the study after a median follow-up of  8.5 
years, the 5-years OS (secondary endpoint) was found of  
7 mo longer in the experimental arm (an increase of  3.4%, 
HR = 0.88; 95%CI: 0.68-1.14, P = 0.339), but also in this 
case not such to reach a statistical significance. Note that 
in the experimental arm only 2/3 of  resected patients 
has been able to receive the programmed postoperative 
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chemotherapy and that the post-surgery morbidity was 
more significant (25% vs 16%, P = 0.04), although revers-
ible, in patients treated with preoperative chemotherapy. 
Operative mortality was 1% in both treatments group[23]. 
It remains unresolved the question whether the benefit in 
PFS observed in this study is mainly due to the periopera-
tive treatment in toto or primarily to adjuvant post-resec-
tion treatment, in favor of  which there are several studies 
that confirm its effectiveness[26-31]. Two other small phase 
Ⅱ trials support the use of  a preoperative treatment with 
FOLFOX/XELOX (Capecitabine plus Oxaliplatin) and 
XELOX with bevacizumab[32,33], but before we could say 
a definitive word on the best approach to the treatment 
of  potentially resectable CLM we still need further dedi-
cated studies, with or without new biological agents. An-
other aspect to consider in these challenging economic 
times is cost-effectiveness: according to literature, the 
use of  neo-adjuvant chemotherapy could be convenient 
because it could possibly avoid hepatic resection in those 
patients who do not respond to this treatment. Nev-
ertheless this analysis is controversial for synchronous 
resectable metastases[34,35]. Neoadjuvant chemotherapy 
can induce damage to the remnant liver and the risk of  
hepatic toxicity and surgical complications increase with 
the duration of  pre-opertative treatment[36,37]. Steatosis 
has been associated with both fluoropyrimidines and iri-
notecan. Vauthey et al[38] reported 20% patients receiving 
irinotecan having steatohepatitis and this was associated 
with increased 90-d mortality and morbidity after hepa-
tectomy. Hepatic sinusoidal obstruction syndrome can 
emerge in patients treated with oxaliplatin but does not 
seem to be strongly associated with increased postopera-
tive mortality[37,39]. A recent retrospective study evaluated 
histological specimens from 366 resected patients for 
CLM after preoperative chemotherapy and found that the 
two independent prognostic factors for OS after hepa-
tectomy were the overall pathologic response > 75% and, 
surprisingly, fibrosis > 40% and not necrosis as expect-
ed[40]. Another problem with preoperative chemotherapy 
includes the shrinkage of  viable disease, known as “van-
ishing metastases”, so it is not visible and therefore not 
resected at laparotomy. However, in many cases, this 
clinical complete response does not match with patho-
logic complete response. According to Adam et al[41], the 

predictive factors for a complete pathologic response are: 
age ≤ 60 year, size of  metastases ≤ 3 cm, CEA levels 
at diagnosis ≤ 30 ng/mL, and objective response fol-
lowing chemotherapy. Patients who achieved a complete 
pathologic response after neoadjuvant chemotherapy 
had high survival rates (76% at 5 year). Patients should 
be carefully monitored during chemotherapy and receive 
surgery before metastases disappear. Therefore, response 
to neoadjuvant therapy must be closely monitored and it 
is recommended to revaluate disease after no more than 
2 mo of  treatment[42]. The duration of  treatment in toto 
(preoperative and adjuvant) should not exceed 6 mo[43]. 
In summary, many oncologists feel that perioperative 
therapy is the best current option of  treatment for resect-
able CLM and the recent European Society for Medical 
Oncology guidelines define this subset of  patients with 
clearly R0-resectable CLM as “Group 0”. The treatment 
aims of  patients placed in “Group 0” is cure and decrease 
risk of  relapse. Hence, the intensity of  neoadjuvant treat-
ment will be “nothing” (upfront surgery) or “moderate” 
(FOLFOX)[44].

ADJUVANT THERAPY AFTER RESECTION 
OF LIVER METASTASES
Nearly 70% of  patients relapse after an hepatic resection 
for CLM and most of  them just in the liver and within 
the first two years after surgery[13,14,45]. In an attempt to 
improve the outcome of  these patients was thus ad-
opted the rationale of  adjuvant therapy. Two randomized 
phase Ⅲ studies and a subsequent meta-analysis of  data 
extracted by them, have evaluated the role of  the combi-
nation of  bolus fluorouracil and leucovorin (5-FU/LV) 
for 6 mo after R0 surgery of  CLM vs surgery alone[26-28]. 
The results of  these studies, although showing a trend in 
favor of  adjuvant chemotherapy both in PFS and OS, do 
not provide a strong evidence in favor of  postoperative 
treatment, probably due to their limited statistical power 
and the use of  a chemotherapy regimen that actually does 
not represent the best combination to be administered in 
patients considered as metastatic patients. There are two 
additional meta-analyses that support the use of  an adju-
vant fluoropyrimidine-based treatment[29,30]. In the study 
of  Ychou et al[31], the regimen FOLFIRI, as expected, has 
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Table 1  European Organization for Research and Treatment of Cancer 40983 Trial

n Treatment HR for progression 3-yr PFS  5-yr PFS Postoperative OS complications

All pts 364 CHT 0.79 35.4 51.2 -
Surgery alone P = 0.058 28.1 47.8 (P = 0.339) -

Elegible pts 342 CHT 0.77 36.2 52.4 -
Surgery alone P = 0.041 28.1 48.3 (P = 0.303) -

Resected pts 329 CHT 0.73 42.4 25%
Surgery alone P = 0.025 33.2 16%

Reproduced from reference Nordlinger et al[22] and Sorbye et al[23]. pts: Patients; CHT: Chemotherapy; HR: Hazard ratio; PFS: Progression free survival; OS: 
Overall survival.
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Gruenberger et al[32] reported their experience of  a phase 
Ⅱ study with oxaliplatin, capecitabine and bevacizumab 
in 56 curable CLM patients. This regimen showed a high 
response rate (73%) with R0 hepatic resections in 52 out 
of  56 patients and 5 complete pathologic responses. Ac-
tually, phase Ⅲ studies with anti-EGFR antibody cetux-
imab and with anti-VEGF antibody bevacizumab are on-
going to better define the role of  these biological agents 
in the treatment of  potentially resectable CLM.

CONCLUSION
CLM are a common problem, but many patients are 
able to undergo R0 liver resection, and a significant pro-
portion of  those patients may achieve cure or at least 
obtain prolonged DFS[65]. A multidisciplinary team ap-
proach is important for coordinating care of  patients 
with CLM. Surgery is the treatment of  choice for resect-
able CLM and requires that an adequate liver remnant 
remains after surgery. Perioperative chemotherapy with 
FOLFOX regimen for six mo according to the results of  
the EORTC 40983 randomized trial improves the out-
come of  these patients and it is actually recommended 
for most patients[66-69]. When it an upfront surgery of  
CLM is performed, then adjuvant chemotherapy with an 
oxaliplatin-based regimen is a reasonable option. Based 
on our experience we suggest a close follow up schedule 
for patients who underwent CLM resection. The role of  
targeted therapies in neoadjuvant setting of  potentially 
resectable CLM remains to be defined and needs further 
studies. Finally, where a local approach to CLM is indi-
cated and surgery is contraindicated, the radiofrequency 
ablation of  liver metastases is often considered a good 
alternative, although generally less effective than surgery 
in terms of  relapse rate and OS[70-76].
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Table 2  Phase Ⅲ trials of adjuvant chemotherapy after resection of colorectal liver metastases
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