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�� At diagnosis, 25% of patients have hepatic metastases, and up to 50% of patents will develop them 
during the course of the disease.

�� Colorectal cancer screening could lead to an increase in patients with resectable metastases.

�� A globally aging population means that we can expect our patient population to be older with more 
comorbidities.

�� Hepatic metastases are resectable if all macroscopic disease can be resected while preserving an 
adequate future liver remnant.

�� Extrahepatic disease is not a contraindication as long as it is potentially resectable.

�� Secondary resection should be a treatment goal in patients with irresectable hepatic metastases.

�� The role of chemotherapy in patients with resectable disease is unclear.

�� Advanced techniques are allowing more patients to undergo hepatic resection.

�� Mortality following hepatectomy is now approaching 1%.

�� Morbidity is common and enhanced recovery and laparoscopic surgery may offer strategies to 
address this.

�� The 5-year survival for patients undergoing surgery for colorectal liver metastases is now approaching 50%.

�� The 10-year survival for patients undergoing surgery for colorectal liver metastases is now 25%, and for 
these patients it can be seen as a cure.
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SUMMARY	 The treatment of colorectal cancer metastatic to the liver is increasingly 
complex as a result of changes in the patient population, advances in preoperative stag-
ing, changing definitions of resectability, advances in surgical technique and the expand-
ing chemotherapeutic armamentarium. Management of these patients within a multi
disciplinary team is increasingly important and associated with better outcomes. In patients 
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The number of treatments for patients with met-
astatic colorectal cancer has expanded rapidly 
over the past two decades. In particular, surgery 
for colorectal cancer metastatic to the liver has 
evolved from a treatment only considered in a 
few highly selected patients to a standard treat-
ment considered in all eligible patients. While 
this progress in treating metastatic colorectal 
cancer has led to improvements in survival, it has 
meant that treatment pathways are increasingly 
complex. This review attempts to summarize 
the current and future perspectives in the surgi-
cal management of colorectal liver metastases 
within Europe.

Incidence & prevalence
Colorectal cancer is common with 1.2  mil-
lion new diagnoses annually worldwide and 
608,000 attributable deaths [1]. The UK inci-
dence of colorectal cancer diagnoses in 2012 was 
expected to be 55.6 and 36.7 per 100,000 popu-
lation in men and women, respectively [2]. The 
liver is the dominant site of metastatic spread, 
with 25% of patients having liver metastases 
at diagnosis and up to 50% developing these 
during the course of the disease [3]. As the liver 
is often the first site of blood-borne metastatic 
spread, resection of these metastases before 
distant systemic spread occurs can be curative [4].

�� Changing patterns of disease
When considering a treatment, and how delivery 
is likely to change in the future, it is important to 
consider how the target population may change 
as a result of treatment advances, global popula-
tion changes and changes in health policy. The 
expanding chemotherapeutic armamentarium, 
advancing surgical technique and expanding cri-
teria of what is seen as resectable are likely to lead 
to an expanding patient population. The other 
major factor to be considered in predicting our 
future patient population is the effect of global 
aging on patient case mix [5].

�� Aging populations
Our population is becoming increasingly elderly, 
with the over 70 years age group expected to 

with irresectable hepatic metastases, high secondary resection rates can be achieved with 
multiagent chemotherapy when managed in conjunction with a liver specialist. Perioperative 
mortality rates are reducing but morbidity remains high, and enhanced recovery could help 
reduce morbidity. Despite the advancing age and comorbidity of the patient population, 
multimodal management is likely to lead to further improvements in perioperative and 
long-term outcomes.

make up approximately 20% of the UK popula-
tion by 2020 [6]. Cancer in general, and colorec-
tal cancer in particular, are diseases directly 
linked to age, with 70% of colorectal cancer 
diagnoses occurring after the age of 65 years and 
50% after the age of 70 years [6]. Thus, we can 
expect more cases in this increasingly aged popu-
lation [6]. This has significant implications for 
practice since age is associated with poorer long-
term oncologic and short-term peritherapeutic 
outcomes [7]. Managing these patients is chal-
lenging, and current evidence suggests that we 
are poor at tailoring treatment to these patients, 
a fact that may be underpinning the poorer out-
comes [8]. A UK Department of Health review 
has identified the accurate assessment and man-
agement of older patients as a key target for 
health improvement [9].

Criteria for resection
Early hepatectomies for colorectal liver metas-
tases were only carried out in selected physi-
ologically fit patients believed to have the best 
prognostic features: one to three unilobar 
metastases; no extrahepatic disease; presenting 
at least 12 months after resection of the primary 
tumor and where resection was possible with at 
least a 1-cm margin. Using these criteria, only 
10% of patients with liver-only metastases were 
considered resectable [10].

Gradually these early resection criteria were 
challenged with evidence demonstrating that 
patients beyond these limited criteria could 
achieve long-term survival [11]. This led to 
consensus statements from the American Hep-
ato–Pancreato–Biliary Association and a pan-
European group [12,13]. These statements recom-
mended resection if all disease could be resected 
while preserving an adequate future liver rem-
nant. Suggested contraindications to resection 
were quickly challenged with long-term survival 
being achieved in patients following nodal resec-
tion and resection of metastasis involving the 
inferior vena cava [14].

The latest UK national guidance from 2011 
recommends that treatment of colorectal liver 
metastases should be offered by way of resection 
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with or without ablation if a patient is fit enough, 
and that complete resection or ablation can be 
achieved leaving adequate future liver remnant. 
Extrahepatic disease is not a contraindication to 
resection as long as the disease is potentially resect-
able [15]. There are no absolute contraindications to 
resection issued in this guidance, but the relative 
contraindications to liver resection or ablation in 
normal circumstances are summarized in Box 1 [15].

This shift to defining resectability based on 
what will remain, rather than by what is removed, 
has led to an increase in the number of patients 
eligible for resection at diagnosis from 10% in 
1999 to approximately 25% currently [16].

�� The adequate future liver remnant
Defining the adequate future liver remnant is 
one of the challenges of hepatic resection, as mis-
estimation can result in posthepatectomy liver 
failure and, ultimately, death. Posthepatectomy 
liver failure is a major cause of morbidity and 
the leading cause of postoperative mortality [16].

A number of risk factors for the development 
of posthepatectomy liver failure have been iden-
tified. These include preoperative chemotherapy, 
diabetes, advancing age, obesity, pre-existing 
liver disease, portal hypertension, preoperative 
sepsis, smaller liver remnant, prolonged opera-
tive time, blood loss in excess of 1000 ml and 
the incidence of postoperative biliary leaks [16]. 
Following preoperative chemotherapy, posthepa-
tectomy liver failure is more common, occur-
ring in up to 16% overall, and almost universally 
following major hepatectomy [16].

Current standards suggest that in a patient 
with normal hepatic function, a minimum ‘safe’ 
volume of future liver remnant can be considered 
to be 20% [17]. Better prediction may be possible 
with adjustment for patient mass or body surface 
area [18]. However, this safe volume must still con-
sidered in conjunction with other intraoperative 
factors including the expected extent of hepatic 
ischemia and intraoperative blood loss. Unfor-
tunately, this safe limit is increasingly difficult 
to utilize in clinical practice as patients undergo 
more complex treatment pathways, with multi
agent chemotherapy and intrahepatic therapies. 
These treatments, in particular chemotherapy, 
can have negative effects on hepatic function.

Perioperative chemotherapy for colorectal 
liver metastases
In the last 10  years, overall survival (OS) in 
patients with metastatic colorectal cancer has 

improved significantly [19]. Given that only a 
minority of patients with liver-limited metas-
tases are potentially treatable with curative 
intent surgery, much of this can be attributed 
to advances in chemotherapy. In patients with 
initially irresectable liver-limited metastases, the 
aim of treatment is to bring people to potentially 
curative surgery. This approach is often referred 
to as ‘induction’ or ‘conversion’ chemotherapy 
[20]. In patients with upfront resectable metas-
tases, chemotherapy may be used to reduce the 
occult disease burden with the hope of prevent-
ing early metastases adjuvant (following) or 
neoadjuvant (preoperative) chemotherapy.

�� Conversion chemotherapy
It has been established for over 15 years that 
excellent long-term outcomes are achievable in 
initially irresectable patients brought to resection 
by systemic chemotherapy [21]. Consequently, 
the primary aim of treatment for irresectable 
liver-limited metastatic colorectal cancer has 
been conversion to resectability. These patients, 
brought to secondary resection by systemic ther-
apy, enjoy long-term survival that is comparable 
to patients with upfront resectable disease at the 
time of presentation (10-year survival 23 vs 30% 
[22]), and far superior to those receiving palliative 
systemic chemotherapy [23].

A variety of chemotherapy regimens have 
been used to bring patients with liver-limited 
disease to resection, with secondary resection 
rates of approaching 60% [24]. Folprecht et al. 
investigated the link between response rate and 
secondary resection rate, demonstrating a highly 
significant correlation between response and sec-
ondary resection. They suggested that if a tumor 
response rate of 70% can be achieved, up to 50% 
of patients may be bought to potentially curative 
secondary resection (Figure 1) [24].

Achieving response rates approaching 70% 
is a realistic goal of conversion chemotherapy, 

Box 1. Relative contraindications to resection 
or ablation of colorectal liver metastases.

�� Nontreatable primary tumor
�� Widespread pulmonary disease
�� Nonresectable locoregional recurrence
�� Uncontrollable peritoneal disease
�� Extensive nodal disease, such as 

retroperitoneal or mediastinal lymph nodes
�� Bone or CNS metastases

Based on NICE guidance presented in [15].
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although studies demonstrating this degree 
of response typically require multiple chemo
therapeutic agents [25]. Other strategies to 
achieve this may involve multiple systemic che-
motherapy agents in combination with liver-
directed chemotherapy, and possibly targeted 
radiotherapy.

�� Neoadjuvant & adjuvant chemotherapy
While the number of patients being brought to 
surgery following conversion chemotherapy con-
tinues to increase, there is considerable debate 
about the role of adjuvant and neoadjuvant che-
motherapy for colorectal liver metastases [26]. 
While it is considered as standard of care in 
patients with high-risk stage II and all stage III 
cancers [15], its role in patients with established 
liver-limited metastatic disease is less clear.

Recurrence is common following hepatic 
resection of colorectal liver metastases, with 
over two-thirds of patients developing recurrent 
metastases within 2 years of surgery [27]. Using 

chemotherapy either prior to or following resec-
tion aims to treat occult metastases, thereby 
reducing this early recurrence.

The evidence supporting adjuvant chemo-
therapy following hepatectomy for colorectal 
liver metastases is limited. Two studies random-
ized patients to liver resection with or without 
5-f luorouracil (5-FU)/leucovorin, but failed 
to reach their end points of 5-year OS due to 
poor accrual [28,29]. Subsequent pooled analysis 
suggested a median survival of 62 months in 
the chemotherapy arm versus 47 months in the 
surgery-alone arm [28]. Subsequent studies utiliz-
ing FU/leucovorin versus combination 5-FU/
irinotecan demonstrated no difference in sur-
vival between the arms, and 5-year survival rates 
were similar to resection alone [30,31]. As a result, 
the benefit of adjuvant chemotherapy is unclear 
and its role may be restricted to a poorly defined 
high-risk cohort.

Preoperative chemotherapy offers several the-
oretical benefits, which includes monitoring the 
effect of chemotherapy on measurable disease 
to aid selection of patients in whom adjuvant 
chemotherapy may be of benefit. It has also been 
shown that patients who progress on preopera-
tive chemotherapy have poorer long-term sur-
vival [22]. This observation can aid in the assess-
ment of risk and benefit, particularly in patients 
where the proposed surgical resection is deemed 
to be of high perioperative risk.

The largest study investigating the role of pre-
operative chemotherapy is the EORTC 40983 
study, which randomized 364  patients with 
resectable colorectal liver metastases to either 
surgery alone or surgery with perioperative 
FOLFOX (5-FU, leucovorin and oxaliplatin) 
chemotherapy (six preoperative and six postoper-
ative cycles) [32]. In the combined arm, less than 
80% received the full six preoperative cycles, and 
less than 45% received the full preoperative and 
postoperative chemotherapy treatment, high-
lighting the challenges of chemotherapy in this 
population. A benefit in progression-free survival 
at 3 years was demonstrated in the chemotherapy 
arm in operated patients over surgery alone (36.2 
vs 28.1%), which was the primary end point of 
the study, leading to neoadjuvant chemotherapy 
being accepted as standard of care in many coun-
tries [26,33]. Recently, however, long-term results 
of EORTC 4093 have demonstrated no benefit 
in OS in the chemotherapy arm; however, this 
is a secondary end point for which the study was 
not adequately powered to measure [26]. Reasons 
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Figure 1. Rate of liver resection following 
chemotherapy. The squares represent 
patients in studies/retrospective analyses with 
nonresectable metastases confined to the liver 
(‘selected patients’, r = 0.96; p = 0.002; solid dark 
blue line). Studies with nonselected patients 
with colorectal cancer as shown as circles and 
triangles. Due to their high heterogeneity 
of these studies, the observed correlation is 
less strong (r = 0.74; p < 0.001; solid light blue 
line). A similar correlation was observed when 
the Phase III trials (triangles) were separately 
analyzed (r = 0.67; p = 0.024; dashed dark 
blue line). 
Reproduced from [24] with permission from 
Oxford University Press.
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for this are unclear but it has been suggested 
that while progression-free survival can be a 
good indicator of overall cancer survival, OS is 
influenced by a number of other factors [26].

Currently, there remains considerable debate 
about the place of chemotherapy in patients with 
resectable liver metastases, but a recent paper 
from Jones et al. suggested considering these as 
two groups [26]. First, in those deemed to be at 
low risk of recurrence, resection should be under-
taken without delay, and consideration given to 
adjuvant chemotherapy based on pathological 
analysis of resected specimen. In those patients 
deemed to be at higher risk for early recurrence, 
or where operative intervention is likely to be 
technically challenging, consideration of up to 
six cycles of neoadjuvant chemotherapy should 
be considered [26].

Given that the current evidence for adjuvant 
and neoadjuvant chemotherapy is conflicting, 
the use of chemotherapy should be at the dis-
cretion of the specialist multidisciplinary team 
(MDT). A MDT can balance the potential 
benefits against the risks of the various chemo-
therapeutic agents and regimens. In particular, 
the increased perioperative risk and the risk of 
developing chemotherapy-associated liver injury, 
a complication of chemotherapy that can prevent 
curative resection.

Liver-targeted therapies
In healthy liver tissue, the predominant blood 
supply is obtained through the portal venous 
system in contrast to metastatic disease, which 
predominantly relies on arterial supply [4]. This 
dual blood supply has led to the development of 
hepatic artery delivered therapies including che-
motherapy and radiation.

�� Liver-targeted chemotherapy
The two most common mechanisms for hepatic 
artery-delivered chemotherapy in colorectal liver 
metastases are hepatic arterial infusion (HAI) 
pumps and drug-eluting beads for transarterial 
chemoembolization (DEB-TACE).

HAI appears to be a biologically rational 
approach with significant advantages over sys-
temic chemotherapy, capable of delivering high 
tumor response rates and complete pathologi-
cal response [4,34]. HAI was initially trialed as a 
replacement for systemic adjuvant chemotherapy. 
A catheter is inserted at laparotomy into the 
umbilical vein remnant, through which a portable 
pump delivers an infusion of a chemotherapeutic 

agent. However, a meta-analysis by Mocellin et al. 
found no evidence to support its use over sys-
temic chemotherapy in the treatment of irresect-
able colorectal metastases. Interest is now growing 
in the use of HAI alongside first-line systemic 
therapy [35].

A Phase III randomized trial considering flox-
uridine HAI as adjuvant treatment alongside 
systemic 5-FU after resection of colorectal liver 
metastases showed a significant improvement in 
2-year recurrence-free survival of 90% compared 
with 60% for those receiving systemic chemo-
therapy alone [36]. These impressive results stim-
ulated interest into whether the high response 
rates to HAI could be harnessed to bring more 
patients to resection, with a systematic review of 
neoadjuvant hepatic arterial infusion alongside 
systemic chemotherapy in irresectable colorectal 
liver metastases reporting secondary resection 
rates between 6–47% in an unselected series 
[37]. Although these results are promising, tech-
nical and toxic complications remain a concern 
with 16% of HAI pumps failing within 2 years 
of insertion [38].

DEB-TACE has been suggested as a possible 
solution to these delivery difficulties, offering a 
theoretical advantage over HAI, as it involves 
the delivery of eluting beads loaded with chemo-
therapy (irinotecan) via a percutaneous catheter 
placed under interventional radiology guidance 
[39]. This eliminates the associated morbidity of a 
laparotomy for surgical placement and the longer 
term complications of pump failure [40]. While 
DC Beads® (Biocompatibles UK Ltd, Surrey, 
UK) appear to be safe, and have yielded promising 
response rates in patients with both resectable and 
irresectable hepatic metastases, currently there is 
no evidence demonstrating survival advantage 
over systemic chemotherapy. Therefore, it seems 
likely that the future role of DEBIRI® (Biocom-
patibles UK Ltd) will be as an adjunct alongside 
systemic treatments for liver-dominant disease.

�� Selective internal radiation therapy
Selective internal radiation therapy is delivered 
in a similar manner to DEB-TACE, but involves 
the delivery of yttrium-90 microspheres (SIR-
Spheres®, Sirtex Medical Inc., NSW, Austra-
lia). This has been shown to lead to successful 
conversion of unresectable hepatic metastases 
with promising survival data [41]. A Phase  III 
study is currently underway to evaluate its role 
in nonresectable patients with colorectal liver 
metastases [42].
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Preoperative staging of colorectal liver 
metastases
The goal of preoperative staging is to identify 
all macroscopic disease so that surgical resection 
of all disease can be performed and, where this 
is not possible, patients can be prevented from 
undergoing futile laparotomy. In its earliest days, 
resection of surgical metastases was dependant 
on intraoperative findings, however, as methods 
of radiological assessment have advanced, this 
preoperative assessment has become increasingly 
complex.

Triple-phase contrast-enhanced computed 
tomography (CT) should be performed to assess 
all patients with colorectal liver metastases and 
it is now considered standard of care [15]. Addi-
tional radiological assessment with modalities, 
such as MRI and PET, may offer additional 
benefits.

MRI is a highly effective imaging modality 
for detecting and characterizing liver lesions, 
particularly when diffusion-weighted imaging 
is used [43]. The addition of liver-specific contrast 
media, such as superparamagnetic iron oxide, 
gadoxetic acid (Primovist®, Bayer Australia 
Ltd, NSW, Australia) and mangafodipir triso-
dium, may aid in the detection of colorectal liver 
metastasis [44,45]. Limitations of MRI include 
the longer time to perform, a large number of 
absolute contraindications and a low sensitivity 
for detecting extrahepatic disease [45].

PET is often used in combination with CT 
(PET–CT) as it is highly sensitive for colorec-
tal cancer [46], often identifying occult irresect-
able extrahepatic disease that would render liver 
resection futile [47]. Limitations include the rate 
of false positives as it can be difficult to differenti-
ate between malignant tissue and other metaboli-
cally active tissue, such as inflammatory tissue, 
due to infective or postsurgical causes [47]. Muci-
nous colorectal metastases may be falsely negative 

owing to their reduced glucose uptake [48]. Other 
disadvantages include high cost and limited 
sensitivity for lesions smaller than 1 cm [17].

Staging laparoscopy was purported to be 
of benefit in reducing the number of patients 
undergoing futile laparotomy before the avail-
ability of quality radiological assessment had 
developed. It has largely been abandoned and 
offers little value when patients are staged rou-
tinely with triple liver assessment (CT, MRI 
and PET–CT) [49]. If managed by this triple-
assessment protocol, futile laparotomy occurs in 
just 4.4% of patients, meaning laparoscopy has 
a very limited role in highly selected patients 
where there is preoperative radiological concern 
of peritoneal disease [49].

�� Assessment of preoperative fitness
Establishing whether it is feasible to macro-
scopically resect or ablate all a patient’s disease, 
while preserving an adequate hepatic function 
and volume, is irrelevant without an appreciation 
of whether the patient is physiologically capable 
of surviving a proposed intervention. Conse-
quently, the assessment of fitness should be seen 
as an integral part of the preoperative assessment 
process. Specifically targeted research defining 
fitness for hepatectomy is limited, but methods 
for defining preoperative fitness include scoring 
systems, questionnaires and quantitative fitness 
measures (Box 2).

The American Society of Anesthesiologists 
(ASA) scoring system is widely employed and 
has been shown to correlate with outcome [50], 
but ASA is deemed insufficient to adequately 
risk-stratify patients [9]. Other scoring systems 
and questionnaires have yet to be validated 
in patients undergoing hepatectomy, and are 
often seen as being open to bias and subjective 
interpretation [51].

Quantifying patient fitness in an independent 
fashion is an attractive concept, and two com-
mon methods that address this are the 6-Minute 
Walk Test and cardiopulmonary exercise testing 
[52,53]. The latter of these has been validated in 
patients undergoing liver resection, with evi-
dence showing that patients with lower fitness 
are at higher risk of complications [54].

Multidisciplinary management of 
advanced colorectal cancer
Given the increasing complexity of managing 
patients with advanced colorectal cancer includ-
ing hepatic metastases, MDT working has 

Box 2. Methods of assessing patient fitness.

�� Scoring systems
�� American Society of Anesthesiologists scoring 

system [88]

�� Revised cardiac risk index [89]

�� Surgical probability model
�� Questionnaires
�� Dukes activity questionnaire
�� Quantitative fitness assessment
�� Cardiopulmonary exercise test
�� 6-Minute Walk Test [74]
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become integral to that management. Manage-
ment of patients with advanced colorectal cancer 
outside of MDT working has been shown to be 
associated with poorer resection rates and sur-
vival [55]. MDT management is now standard 
practice within the UK, where a number of other 
benefits are now widely accepted (Box 3). Despite 
this routine MDT assessment, there remains 
wide variation in the rates of hepatic resection. 
One of the reasons suggested for this variation 
was the presence or absence of a liver surgeon 
within the MDT [30]. Studies examining this 
have suggested that early MDT involvement of 
a liver surgeon leads to better survival and out-
comes for patients eventually undergoing hepa-
tectomy [56]. A recent paper investigated patients 
given palliative chemotherapy for hepatic-only 
metastases without review by a liver surgeon. 
In these patients, nearly 75% had potentially 
operable disease, with 40% considered easily 
resectable [57]. This landmark study confirmed 
that these patients are best managed by specialist 
tertiary centers, and contributed to UK guidance 
mandating specialist hepato-pancreato-biliary 
surgical review for all patients with liver-limited 
colorectal metastases. It is hoped that this will 
translate into higher resection rates, better sur-
vival in resected patients and better OS. Many 
of these patients have other synchronous diseases 
including locally advanced and recurrent rectal 
cancer, lung metastases and peritoneal disease. 
All of these are potentially amenable to curative 
resection. In addition, involvement of specialists 
in these fields may yield further improvements in 
curative resection rates.

Strategies to increase resection
Given that the main limitation to surgical resec-
tion is the preservation of an adequate future 
remnant liver, a number of strategies have been 
developed to help address this issue including 
ablation, portal vein embolization (PVE), two-
stage hepatectomy, in  situ liver splitting and 
advanced vascular reconstructive techniques.

�� Ablation
Ablation has become a widely used method 
to treat colorectal liver metastases. This treat-
ment destroys tumors to achieve local control in 
patients that are deemed surgically irresectable 
either due to insufficient future liver remnant 
or poor patient fitness. The most frequently 
used technology is radiofrequency ablation [58], 
more recently microwave ablation [59] has been 

increasingly used, and irreversible electropora-
tion represents a new alternative modality [60]. 
These modalities all have specific uses and may 
be the method of choice in specific circum-
stances; irreversible electroporation in particular 
may be the only potentially curative option for 
patients with metastases involving major inflow 
or outflow vasculature [60].

The use of ablation (radiofrequency ablation) 
as an adjunct to resection has a demonstrable 
benefit in disease-free survival [61,62], but long-
term survival data are lacking, partly owing to 
the rapidly changing view of what is ‘resectable’. 
When viewed just as a method to locally control 
disease, the evidence of survival benefit is greater, 
with local recurrence rates of just 4–11% [59].

�� Portal vein embolization
PVE induces atrophy of the liver to be resected 
and hypertrophy of the liver that will remain 
(i.e., increases the future liver remnant) with 
the aim of avoiding posthepatectomy liver fail-
ure. A meta-analysis has confirmed that this 
technique significantly increases the volume of 
the future liver remnant [63]. PVE appears to 
be safe, even when combined with conversion 
chemotherapy [64].

�� Two-stage hepatectomy
Two-stage hepatectomy is employed in patients 
when resection of all the metastases would 
leave insufficient functional liver and where 
the metastases are distributed across both liver 
lobes. Two-stage hepatectomy involves a first-
stage nonanatomical resection of metastases 
from the future remnant with PVE (or ligation 
of the portal vein during surgery) of the future 
liver to be resected. This is followed by a period 
of liver regeneration and a second-stage resection 
some 4 weeks later.

Box 3. Accepted benefits of multidisciplinary 
team working.

�� Improved coordination and consistency of care
�� Improved clinical outcomes
�� Increased patient satisfaction and 

psychological wellbeing
�� Improved communication between health 

professionals
�� Educational opportunities for health 

professionals
�� Support from collegial environment
�� Opportunities to improve audit
�� Increased recruitment into clinical trials
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A recent systematic review included 459 
patients in whom a two-stage resection was 
attempted [65]. It was achieved in 76.6% (range: 
69–92%) of patients who underwent the first 
stage. Median OS at 3 and 5 years was 59 and 
42%, respectively, demonstrating its usefulness 
as a technique. The success of this technique 
relies on patients undergoing hepatic regenera-
tion that is sufficient to allow a second stage, 
while maintaining their fitness, and not develop-
ing progressive disease.

�� Associating liver partition with portal vein 
ligation for staged hepatectomy
A recently purported alternative to the staged 
two-stage liver resection is the associating liver 
partition with portal vein ligation for staged hepa-
tectomy (also known as the ALPPS procedure), 
which involves an in situ splitting of the liver with 
portal vein ligation followed by a formal hepatec-
tomy at a median of 9 days [66]. This demonstrated 
a median increase in the future remnant liver of 
71%. This represents an interesting development 
in the field of liver surgery that may help to bring 
more patients to resection, however, the long-term 
results of this technique have yet to be validated.

�� Advanced hepatic reconstruction 
techniques
Despite evolving definitions of resectability, 
there remain a group of patients in whom tech-
nical resectability is only possible with the use 
of advanced surgical techniques. Typically, 
cases include metastases involving the hepatic 
inflow, the hepatic outflow, the inferior vena 
cava, or all three of these structures. Techniques 
employed to achieve macroscopic resection in 
these cases have included portal vein resection 
and reconstruction, hepatic artery resection and 

reconstruction (or arterialization of the portal 
vein as an alternative), total hepatic vascular 
exclusion, in  situ hypothermic perfusion, and 
ex vivo (bench) hepatic resection [67–70]. These 
techniques are at the limits of what is currently 
feasible and are associated with significant mor-
bidity and mortality. Therefore, these techniques 
should be reserved for carefully selected indi-
viduals with an otherwise poor prognosis.

Postoperative morbidity & mortality
In early series, in-hospital mortality was approxi-
mately 5%, despite a highly selective approach 
to patient selection [71]. This has progressively 
diminished despite more complex resections 
being undertaken in patients with more extensive 
disease [72]. In recently reported large series of 
patients undergoing resection of colorectal liver 
metastases, mortality is now 1–3%. Unfortu-
nately, despite a near halving in postoperative 
mortality, in large series, postoperative morbid-
ity remains consistently high at approximately 
41.6–45.0% [50,72,73].

Common causes of morbidity following hep-
atectomy include posthepatectomy liver failure 
(2.6–6.0%), biliary leak (4.8–8.9%), perihepatic 
collections (2.9–7.0%), pulmonary complica-
tions (6.1–21.9%), wound infections (3.4–5.9%) 
and cardiac complications (3.0–10%). The wide 
variation in complications may, in part, be due 
to the interplay between complications and the 
subjective interpretation of these data.

Studies have sought to elicit factors associ-
ated with poorer postoperative outcome in the 
hope of better clarifying the population at risk of 
complications. These can largely be considered 
as factors associated with an individual’s premor-
bid state, factors associated with the disease and 
prior treatments and factors relating specifically 
to the intervention undertaken.

Patient factors identified as being associated 
with increased postoperative risk include increas-
ing age, impaired hepatic function, cirrhosis, 
hepatic steatosis, renal failure and medical 
comorbidity.

The only treatment-related factor consistently 
identified as being associated with an increased 
incidence of perioperative morbidity is the use 
of neoadjuvant chemotherapy [74]. Repeat hepa-
tectomy has been associated with increased bile 
leaks, but not overall morbidity and mortality. 
Although associated with a longer operating 
time and increased blood loss [75], the absence of 
an association with increased complication may 

Box 4. Intraoperative factors associated with 
poorer perioperative outcome.

�� Repeat hepatectomy
�� Major hepatectomy
�� Longer operating time
�� Increased use of pringle maneuver
�� Blood loss
�� Transfusion
�� Additional extrahepatic resection
�� Vascular resection
�� Bile duct resection
�� Hepatico–jejunostomy construction
�� Diaphragm resection
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reflect the selective nature of patients consid-
ered for repeat hepatectomy. The consequences 
of the newer liver-directed therapies, including 
DEBIRI-TACE and selective internal radia-
tion therapy, on postoperative morbidity and 
mortality are unknown.

The perioperative factors associated with 
increased postoperative morbidity and mortal-
ity have been extensively studied. The overarch-
ing theme of these studies suggest, as we would 
expect, that with increasing surgical complexity 
and magnitude there is an increase in periop-
erative morbidity and mortality. The key fac-
tors identified as being associated with poorer 
postoperative outcome are summarized in Box 4.

�� Improving perioperative outcomes
‘Enhanced recovery programs’ or ‘fast-track 
programs’ are established in other surgical dis-
ciplines as methods of improving perioperative 
outcomes and reducing costs [76]. The evidence 
for the use of enhanced recovery programs in 
liver surgery is more limited with just six small 
published series identified in a recent systematic 
review [77]. No large series of enhanced recovery 
in liver surgery has been published and no series 
has assessed patients with colorectal liver metas-
tases only. Adoption of these practices follow-
ing resection of colorectal liver metastases would 
appear to be beneficial, and recent data suggest 
it is feasible and associated with lower morbidity 
and hospital length of stay [78].

Laparoscopic surgery has been used for 
colorectal liver metastases with the aim of pro-
viding curative resection while reducing the 
trauma associated with open surgery. There 
are no published randomized trials of laparo-
scopic liver surgery but the ORANGE II trial 
investigating the advantage of laparoscopic liver 
surgery in patients undergoing left lateral sectio-
nectomy within an ERAS® program is under-
way, and should enhance our understanding 
of the advantage of this technique [79]. In the 
absence of randomized trials, there a number 
of single-center or multicenter cohort studies 
[80–82]. Median operating time was reported to 
be 210–278 min for laparoscopic hepatectomy, 
with a low median blood loss of 200–300 ml and 
short median postoperative stay of 4 days. These 
studies conclude that laparoscopic hepatectomy 
performed by appropriately experienced surgeons 
is a safe and oncologically comparable approach 
to open hepatectomy in appropriately selected 
patients with colorectal liver metastases [80,81,83].

Survival
OS for patients following hepatectomy for 
colorectal liver metastases is reported to be 
between 36 and 50% with latter series tending 
to report better survival [84]. Survival to 10 years 
is between 23 and 25%, with this seen effec-
tively as cure. A number of scoring systems have 
been developed to aid in the prediction of sur-
vival, but all were derived in an era before the 
use of modern chemotherapy/biological therapy 
regimens, and advances in our understanding 
of disease biology and better treatment mean 
that these are no longer as relevant in clinical 
practice. In a similar manner to perioperative 
outcomes, factors associated with survival can 
be considered as patient factors, disease factors 
and factors relating to the operative intervention.

Unlike postoperative outcome, age has not 
been shown to predict poorer survival, suggesting 
that if patients are appropriately managed through 
surgery, cancer-related outcomes are comparable 
[85]. Some factors suggested to be associated with 
poorer OS include patients with higher ASA 
scores, sarcopenia and fatty liver disease [84]. Fatty 
liver disease and sarcopenia appear to be related, 
but the mechanism by which they affect survival 
is unclear. It is increasingly difficult to interpret 
the role of fatty liver disease given that chemother-
apy is often delivered to treat those with biologi-
cally worse disease and is a known cause of fatty 
liver disease [86]. Fatty liver disease also serves as a 
surrogate marker for other comorbid conditions, 
such as diabetes, and this increasing comorbidity 
and lower fitness may be a secondary mechanism. 
This would also link to the work suggesting that 
an ASA score of 3 and above is associated with 
worse long-term survival [84].

Box 5. Tumor-related factors for predicting 
survival.

�� Primary tumor
�� Node-positive primary tumor
�� Poorly differentiated primary tumor
�� KRAS mutation
�� Metastatic presentation
�� Extrahepatic metastatic disease
�� Increased number of metastases
�� Mucinous tumor
�� Invasion of surrounding hepatic structures by 

a metastases
�� Large metastases (>5 cm and >10 cm)
�� C-reactive protein >10
�� Elevated neutrophil-to-lymphocyte ratio
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After the initial postoperative period, the 
major cause of death is related to the underlying 
disease biology. This has been a major focus of 
research to establish disease-related prognostica-
tion. A number of factors have been identified 
and are summarized in Box 5. These factors often 
serve as surrogate markers of aggressive tumor 
biology, but even for these patients survival is 
achievable, meaning further characterization of 
tumor biology remains a research priority.

In the perioperative management of colorectal 
liver metastases, a number of factors have been 
identified that can affect long-term survival. 
While some, such as the preoperative use of 
chemotherapy, may reflect patients with poorer 
tumor biology, a number of factors in the peri-
operative period appear to have direct influence 
on survival, including the incidence of postop-
erative complications and the management of 
these patients outside an MDT environment 
[56,87]. Other key perioperative determinants of 
survival include a positive margin in a resected 
specimen, the degree of response to neoadjuvant 
chemotherapy, and perioperative bleeding and 
transfusion.

Conclusion
Outcomes for patients presenting with metastatic 
colorectal cancer to the liver are improving. This 
improvement in outcomes is multifactorial and 
includes an expanding chemotherapeutic arma-
mentarium, better preoperative assessment and 
advancing surgical techniques. This is leading to 
increasingly complex treatment pathways involv-
ing a variety of specialists. As a result, manage-
ment of these patients within a MDT is essential, 
and this has been shown to be associated with 
better outcomes. In patients with liver-limited 
hepatic metastases, review by a liver surgeon is 
associated with higher curative intent surgery 
and should now be seen as a standard of care.

Newer treatment modalities including DEB-
TACE and selective internal radiation therapy 
are exciting developments that offer promise for 
improving outcomes, but the consequences for 
perioperative outcomes and long-term effects 

on hepatic function are unclear. Defining an 
adequate hepatic reserve and hepatic function 
itself are key challenges that, if better defined, 
could allow better tailoring of chemotherapy and 
surgical management. The advancing age of our 
patient population and the associated increase in 
comorbidities poses a challenge to maintaining 
this improvement in outcomes, and strategies to 
approach this should be developed.

Future perspective
Currently, only a minority of patients who 
develop metastatic disease are eligible for cura-
tive intent surgery. Evidence would suggest that 
even these are being suboptimally managed, 
with many patients being palliated rather than 
aggressively managed.

The authors are optimistic that, in the future, 
these patients will be appropriately treated and 
that many more patients that are currently 
deemed incurable will be brought to surgery by 
combination treatments. These treatment path-
ways are likely to become increasingly complex, 
and the management of these patients will neces-
sitate multidisciplinary treatment. The authors 
believe that this may well lead to the develop-
ment of MDTs specializing in the management 
of advanced colorectal cancer. This in turn 
should allow greater recruitment into clinical tri-
als and ultimately an expansion of the treatments 
available. We are optimistic that, in the future, 
metastatic colorectal cancer will be increasingly 
manageable with treatment prolonging survival 
over many years.
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