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Centralization of liver cancer surgery and impact on multidisciplinary
teams working on stage IV colorectal cancer
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Colorectal cancer (CRC) is the commonest gastrointestinal
malignancy and the second commonest cause of cancer death.
76% of all colorectal cancer patients are diagnosed between 65
and 85 years old but affecting a younger age in the developing
world with the adoption of the western diet.1,2 At CRC diagnosis,
20-25% of patients have stage IV disease in which synchronous
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Surgical resection is the most effective treatment approach for
colorectal liver metastases but only a minority of patients is suitable for upfront surgery. The treatment strategies of stage IV colorectal cancer have shifted towards a continuum of care in which
medical and surgical treatment combinations are tailored to the
clinical setting of the individual patient. The optimization of treatment through appropriate decision-making and multimodal therapy for stage IV colorectal cancer require a joint multidisciplinary
meeting in a centralized liver cancer unit.

CRC liver metastases (CRLM) are present in 15-25% of cases.2-6
Metastases are confined to the liver in 70-80% of these cases.3
CRLM is defined as liver metastases detected at or before diagnosis of the primary CRC.4 The reported percentage of synchronous
CRLM (detected at time of diagnosis) is increasing compared with
metachronous [detected in the following 5 years after surgery
(35%)], probably due to improved imaging techniques leading to
earlier diagnosis. Synchronous CRLM have less favorable cancer
biology and expected survival than metachronous metastases as
corroborated by their temporal presentation, but some studies
showed no significant difference.7,8 In CRC staging, the tumor is
first scored with respect to the TNM (tumor, node and metastasis)
variables then assigned to stage 1-IV (Tables 1 and 2). Current
observations regarding the clinical course of the patients with
CRLM support emerging arguments for a new staging system.9
The TNM staging system does not adapt to recent advances in
metastatic treatment. For example, the survival of a patient with
resectable solitary liver metastasis is better than that of a patient
with stage II disease.10 Tumor deposits in adjacent vessels are
associated with peritoneal disease, and tumor deposit with nodal
disease has worse survival (N2).11 The median survival of untreated CRLM following diagnosis is 6-12 months and 5-year survival
is extremely rare.1-3 Surgical resection is the most effective treatment approach for CRLM with an overall survival of about 40%
in 5 years, but only a minority of patients are suitable for upfront
surgery due to tumor size, tumor location or limited reserve capacity.9 With newer chemotherapy regimens, a significant proportion
of unresectable patients are converted to resectable with similar
survival benefit. With initially resectable metastases the use of
neo-adjuvant12 and adjuvant therapy13 to decrease recurrence risk
and improve survival in patients are encouraging. The use of modern surgical techniques has resulted in a reduction of perioperative
mortality and morbidity, whereas tumor ablation techniques, portal vein embolization (PVE), and staged procedures have positively influenced the expansion of patients for surgical resection.2-8
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The advanced multidisciplinary teams

The management of patients with stage IV colorectal cancer
would be optimized by bringing together all the relevant specialists involved in colorectal metastatic disease to an advanced multidisciplinary teams (MDTs) meeting in a centralized high volume
liver cancer surgery unit.14-16 A proficient advanced MDT for
stage IV colorectal cancer includes surgeons specializing in colorectal surgery, hepatobiliary surgery and thoracic surgery, dedicated CRC medical and radiation oncologists, both imaging and
interventional radiologists, dedicated CRC surgical pathologists,
oncology nurse specialist, nurse counselor and the patient. The
lead specialist is either the liver or colorectal surgeon.15 By avoiding referral to the appropriate anatomical-site specific MDT with
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chemotherapy.27,28 Contrast-enhanced intra-operative ultrasonography would detect an additional 10%-15% of the disappearing
liver metastases (DLM).29 If a contrast - enhanced CT of the chest,
abdomen and pelvis shows the patient has extra-hepatic metastases
that could be amenable to further radical surgery a positron emission tomography-CT (PET-CT) of the whole body is appropriate.
It is more advantageous in identifying extrahepatic and possible
unresectable metastases, which could be a contraindication to liver
resection.15,30 It is considered in patients with recurrent disease or
high tumor load (multinodular and/or large metastases) or for
whom difficult hepatic resections are planned.15,30 The imaging
would be discussed with the appropriate anatomical-site specialist
such as the thoracic surgeon for lung metastases (5%), which ironically have a better median survival (24 months) than liver metastases (18 months). Thus, in the presence of synchronous, resectable
lung metastases, clearance of the liver lesions should be undertak-
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Table 1. The 7th edition of the AJCC-TNM classification system.
TNM Disease extension
T1
T2
T3
a
b
T4
a
b
N0
N1
a
b
N2
a
b
M0
M1
a

Tumour invades submucosa
Tumour invades muscularis propria
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consequent delay in decision- making and management, disease
progression is minimized. The advanced/ multi-specialist MDT
meeting provides coordination, continuity of care, better patient
care with cost effectiveness, decrease length of hospital stay and
post-operative mortality.17-22 The utilization of protocols, appropriate preparation of patients, audit and trial recruitments are optimized. Non-adherence to MDT decisions has been shown to result
in a trend towards lower survival rates.20,21 Written information
about the treatment decision including rationale is sent to patient’s
clinic consultation of the specialist hepatobiliary unit, the patient’s
colorectal surgeon and general practitioner and if desired a copy to
the patient.16-19 The main determinants of the decision-making
process are the tumor statuses of both the primary tumor and
metastases, the need for emergency surgery of a complicated primary tumor and the resectability of both tumor sites.22,23 The four
clinical scenarios are: i) the asymptomatic CRC and resectable
synchronous CRLM; ii) the asymptomatic CRC and nonresectable synchronous CRLM; iii) the symptomatic CRC and
resectable synchronous CRLM; and iv) the symptomatic CRC and
non-resectable synchronous CRLM.15,22 The diagnosis and decision making on the management of resectable, borderline
resectable or unresectable metastatic disease is expedited in the
advanced MDT. The easily resectable will be completely resected
with good margins and disease-free survival. The borderline
resectable disease may require induction chemotherapy and then
restaged. It may be marginally resectable with no margins, leaving
a small liver remnant, and may have concomitant resectable extrahepatic disease. Resectability may be achieved by portal vein
embolization (PVE) or 2-stage hepatectomy to increase hepatic
functional reserve or by combination of surgery and ablation. The
definitely unresectable may have widespread hepatic disease, nonresectable extrahepatic lesions, or multiple metastatic sites.15,22,23
The principal goal of treatment in most patients with unresectable
metastases is to prolong survival, and only about 10%-15%
patients are alive at 5 years.2-4 Administration of systemic
chemotherapy may convert unresectable into resectable disease.
Local ablative therapies [transarterial chemoembolization (TACE),
radiofrequency/ microwave ablation and selective internal radiation therapy (SIRT)] may be employed in isolation to patients unfit
for surgery, or as an adjunct to resection in patients with bilobar
disease.24,25 However, because of the potential morbidity of treatment and the impact on quality of life for these patients, best supportive treatment must also be considered.

The role of Imaging and pathology

b

Tumour invades through the muscularis propria
T1 or T2 tumour with satellite deposits in pericolorectal tissues
Tumour penetrates the visceral peritoneum
Tumour directly invades or is adherent to other organs or structures
No regional lymph node metastasis
Metastasis in 1 regional lymph node
Metastases in 2 to 3 regional lymph node

Metastasis in 4 to 6 regional lymph nodes
Metastases in 7 or more regional lymph nodes
No distant metastases
Metastasis confined to one organ or site
(e.g., liver, lung, ovary, non-regional node)
Metastases in more than one organ/site or the peritoneum

T, tumour stage; N, lymph node involvement; M, distant metastasis.

The complex decision to determine resectability requires
detailed anatomic imaging to determine tumor location, exclude
unresectable extrahepatic metastases, and assess the adequacy of
the liver parenchyma after surgery. Advances in body and hepatic
imaging has allowed for more accurate selection of patients and
obviating the need for staging laparoscopy. To provide information
on potential curability of stage IV colorectal cancer the use of
high-quality contrast-enhanced thoraco-abdominal computed
tomography (CT) before chemotherapy is recommended.15
Alongside CT, magnetic resonance imaging (MRI) is used preoperatively to aid detection of sub-centimetric metastases.26 To evaluate operability, MRI would provide information on nodule size
and number, segmental localization and relationship with major
vessels, response after neoadjuvant chemotherapy, non-tumoral
liver condition and anticipated remnant liver volume. It is the best
imaging technique for assessing residual disease and delineating
those patients with a true radiological complete response to

Table 2. The 7th edition of the AJCC-TNM classification system.
Stage*

T

N

M

I

T1
T2

N0
N0

M0
M0

T3
T4a
T4b

N0
N0
N0

M0
M0
M0

T1-T2
T1
T3-T4a
T2-T3
T1-T2
T4a
T3-T4a
T4b
Any T

N1
N2a
N1
N2a
N2b
N2a
N2b
N1-N2
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1

II
a
b
c
III
a
b
c

IV
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Although the treatment strategy depends on the clinical scenario, the disease being systemic dictates for chemotherapy before
surgery in most cases.34,35 As colorectal tumor biology supports the
arguments for aggressive surgical and adjuvant treatment, preoperative chemotherapy is useful for assessing tumor sensitivity in
patients with advanced disease.4-8 Although preoperative
chemotherapy can delay surgery of an asymptomatic primary
tumor, survival is not compromised.1,8,15 In patients with
resectable colorectal liver metastases progression- free survival is
increased with the addition of oxaliplatin and fluorouracil in neoadjuvant chemotherapy.12,36,37 The addition of biologic agents,
specifically epidermal growth factor (EGFR) receptor blocker
(cetuximab) and vascular endothelial growth factor (VEGF)
inhibitor (bevacizumab) have become the standard of care for the
treatment of metastatic colorectal cancer but lack proven benefit as
adjuvant treatment.4,5,38-40 The addition of cetuximab results in an
overall survival advantage in patients with advanced disease who
have the KRAS exon 2 wild-type tumor genotype (the new EPOC
study).41,42 When CRLM are unresectable, the goal of chemotherapy is to downsize tumors to allow resection [9,35]. When offering
multiple chemotherapy the medical oncologist decides which combination and sequence to use after full discussion of the side effects
and the patient’s preferences. One of the following sequences is
considered: FOLFOX (folinic acid plus fluorouracil plus oxaliplatin) as first line treatment then single agent irinotecan as second-line treatment or FOLFOX as first- line treatment then
FOLFIRI (folinic acid plus fluorouracil plus irinotecan) as secondline treatment or XELOX (capecitabine plus oxaliplatin) as firstline treatment then FOLFIRI (folinic acid plus fluorouracil plus
irinotecan 3) as second line treatment.15,25,43,44 Second line therapy
is for the 70-90% that remain unresectable or are progressive.15
Chemotherapy delivered by hepatic arterial infusion represents a
valid option in patients with liver-only disease, although it is best
delivered in experienced centers.24,25
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Chemotherapy

associated with considerable mortality to a routine surgery with an
operative mortality risk of about 2%.9,10 Preoperative blood transfusion, positive lymph nodes, abnormal liver function tests, a Creactive protein (CRP) or neutrophil/lymphocyte ratio of more
than 5:1 are found to be significant negative prognostic factors in
predicting disease-specific survival after these resections.45,46
When the primary CRC is asymptomatic, liver surgery may be performed first (reverse approach).22 However, the rationale in using
preoperative chemotherapy for resectable patients has been supported by the better prognosis obtained with neoadjuvant
chemotherapy, compared to upfront surgery in patients with synchronous CRLM. It will be associated with a lower rate of positive
surgical margins and would identify the subgroup of patients who
will develop progressive disease while on chemotherapy.15 Hepatic
resection should, however, not be denied to patients with stable
disease after optimal chemotherapy, provided an adequate liver
remnant with inflow and outflow preservation remains.22,47,48 This
may be achieved through specific techniques to increase
resectability including intra-operative ultrasound at the time of
resection.15 Unresectable unilobar disease may be treated by
neoadjuvant chemotherapy followed by extended liver resection
(with or without portal vein embolization depending on the size of
future liver remnant). In the presence of bilobar diseases, clearance
may be achieved by staged resections or a combination of resection and ablation.13,22 Preoperative chemotherapy with an interval
of about 6-8 weeks before surgery will allow tumor response and
shrinkage and patient recovery.4-6 The optimal timing for assessment of response to chemotherapy is 2 months13,25,49 and following
preoperative chemotherapy and resection, adjuvant chemotherapy
should be considered. An overall total duration of 6 months of perioperative (preoperative and adjuvant) chemotherapy is recommended. The extent of liver resection should be determined by prechemotherapy imaging (CT or MRI) and not post-chemotherapy
imaging. A complete radiological response depends on the quality
and completeness of preoperative imaging.22,50 As a complete radiological response does not signify a complete pathological
response liver resection of curative- intent should include all initial
and currently known sites of disease.22 Patients operated on for initially unresectable colorectal metastases with missing metastases
(a sign of good response to treatment and indicative of good prognosis) experience a favorable long-term outcome.51 Liver resection
in slow responders requiring 12 or more chemotherapy cycles and
portal vein embolization to achieve resectability, is associated with
poor short and long-term outcome.52 This is due to the impaired
general status of these patients, their damaged underlying
parenchyma due to prolonged chemotherapy (chemotherapy-associated steatohepatitis) and the technical challenge in obtaining adequate curative resection. Thus the benefit from more conservative
parenchymal sparing approaches especially with the knowledge of
the 20% recurrence rate, which may require further resection.22,53
With longer overall and median survival rates, indications for surgery are increasing with R1 surgery (complete tumor resection
without safe margins) being justified for patients with a response
to preoperative chemotherapy.54,55 The combined approach of
resection and ablation techniques to bilobar colorectal liver metastases (bCRLM) results in less morbidity than two (or more) hepatic
resections.56-58
Recurrent liver metastases after resection are re-resected if
technically feasible or ablated [radiofrequency/microwave thermal, selective internal radiation therapy (SIRT), TACE] by the
interventional radiologist, and has similar long-term survival as
first liver resection.25,59,60 Third time resection may also provide
long-term benefit and so these patients can now live with their cancer if the tumor biology is favorable.61,62 The recurrences present
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en first. Patients with minimal liver disease and extrahepatic disease (EHD) in the lung undergoing metastectomy had comparable
survival.31 Thus, the evolving landscape of multimodality therapy.
If contrast- enhanced CT suggests disease in the pelvis, an MRI of
the pelvis is offered and plan of management discussed with the
colorectal and urological surgeon if the genito-urinary tract is
involved. An initial CT of the chest, abdomen and pelvis may also
confirm the diagnosis of mechanical obstruction and determine
whether the patient has metastatic disease or colonic perforation.
The colorectal surgeon together with an endoscopist or a radiologist may have inserted a colonic stent in patients presenting with
acute large bowel obstruction.25 Pathological evaluation would
assess response to preoperative chemotherapy for both the primary
tumor and metastases, and provide information on the tumor, margin size and micrometastases. RAS (NRAS and KRAS) mutations
have been associated with worse disease-free and overall survival
following CRLM resection, independent of anti- epidermal growth
factor receptor (EGFR) therapy.32,33

Surgery of the liver

The aim of any liver-directed treatment (e.g., surgical resection) is to safely remove all viable tumor with a clear margin (>1
cm).2,6,15,22 Hepatic resection has evolved from a rare procedure
[page 76]
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Surgery of the primary tumor

Outcome of the advanced multidisciplinary teams

The surgical treatment of colorectal hepatic metastases represent the only potentially curative therapeutic option to achieve
long-term survival. However, the optimization of multimodal therapy through appropriate decision-making is the goal of the
advanced MDT’s stage IV colorectal cancer management. The
management of these patients without the involvement of a multispecialist MDT team (i.e., non-specialist decision-making) may
lead to inappropriate management and patients being denied potentially curative treatments.76-78 The overall perioperative mortality
of liver resection ranges between 0% and 5% in most published
series,15 and is strongly influenced by perioperative blood loss,
liver function and extent of liver resection.17,22 The principal causes of death are liver failure and sepsis.15 The surviving patients following treatment of stage IV colorectal cancer with curative intent
(40% at 5 years) have reached 10 years. A number of series with
sufficient long-term follow-up indicate that the 10-year survival
after resection can be expected in 20%-30% of patients.79 The recommended surveillance for colorectal cancer patients are a minimum of two CTs of the chest, abdomen and pelvis in the first 3
years and regular serum carcinoembryonic antigen tests (at least
every 6 months in the first 3 years).25 Follow-up screening after
treatment for colorectal liver metastases will be discussed by the
MDT. If long distances are involved it may be carried out by the
local colorectal unit using agreed protocols.78
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Resection of the primary tumor in patients with stage IV cancer is often performed to deal with the presenting primary tumor
symptoms and to prevent further primary tumor complications
such as obstruction, major bleeding, pain and side effects (bleeding
and perforation) related to the novel targeted therapy.63,64 Although
this may improve the survival rate,65 the tumor burden and performance status are the significant prognostic factors.64
Conversely, new-generation systemic therapy in combination with
targeted therapy is associated with response rates of 40-60%.42,61
By not only reducing the size of metastatic lesions, the shrinking
of the primary tumor may reduce complications, such as bowel
obstruction. In addition, the response to chemotherapy will select
the right patients for surgery.4,5,8,9 The decision to resect the primary asymptomatic tumor may be associated with selection bias as
these patients usually have a better performance status. Thus, the
delay of chemotherapy may not negatively affect the survival rate
of these patients.64 However, complications after resection of an
asymptomatic primary tumor may delay or prevent initiation of
systemic chemotherapy.66 Preoperative chemotherapy is required
for high volume disease ( >3 metastases or bilobar). For unresectable liver metastases, chemotherapy is given first and surgery
on the primary is only indicated for the complications (perforation,
bleeding) of chemotherapy. Even so, for unresectable CRLM, it
remains unknown whether resection of the primary tumor
improves disease control by reducing tumor bulk and enhancing
chemo-efficacy.64-67 Despite the uncertain survival benefit, a high
rate of surgical resection of the primary tumor has been reported in
patients with unresectable metastatic disease.66 A systematic
review and meta-analysis supported non-curative (palliative)
resection of the primary tumor66,68 but randomized trials are warranted to exclude selection biases.64

complex rectal surgery is not performed, due to significantly higher postoperative mortality and morbidity particularly in the presence of comorbidity.68 Minor liver resections (2 segments or less)
may be safely performed at the same time as colorectal resection
(open or laparoscopic) when both the primary tumor and the
metastases are easily resectable.68-70 The outcomes are similar to
sequential surgery in this scenario.72-75
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with the same time interval after the primary tumor and subsequent
metastases, indicating that recurrent disease may not be a sign of
explosive fast progressing metastatic disease.3 If the diagnosis of a
hepatic or extra-hepatic recurrence remains uncertain the patient is
kept under clinical review and offered repeat imaging at intervals
agreed by the advanced MDT.15,22

One stage (simultaneous) or staged procedure?

The decision as to whether the operations for the primary
tumor and liver metastases are done at the same time (simultaneous) or separately (staged) is being made at the advanced MDT
meeting and in discussion with the patient.15,25,66,67 The advantages
of a one stage (simultaneous) operation are: i) the decreased risk of
disease dissemination (transperitoneally); ii) no repeated postoperative immunosuppression causing increased tumor growth; and iii)
lower costs. A staged procedure: i) allows assessment of biological
behavior of metastases; ii) avoids operating on patients who are
progressing while on chemotherapy; and iii) allows more precise
selection for curative surgery.69 Delayed hepatic resection may not
impair survival but help select those patients most likely to benefit
from hepatic resection i.e. stable disease.70,71 For mid and low rectal primary tumors, radiotherapy is often needed and in addition to
a difficult resection a one-stage surgery is not recommended. Onestage surgery is not advocated for complex colonic and upper rectal primary tumors, for high-risk patients or when hepatectomy is
major (>3 segments).15 A simultaneous major hepatectomy and

Conclusions

From all the levels of evidence, the impact of the advanced
MDT consensus on the management of the four clinical scenarios
of stage IV colorectal cancer are as follows: i) for the asymptomatic CRC and resectable synchronous CRLM, chemotherapy is
first with or without radiotherapy, followed either by surgery in a
one- stage procedure (for patients with limited hepatic disease and
easy to resect primary tumor) or by staged surgery (for other
patients). Ongoing trials may provide evidence for chemotherapy
first as opposed to colon resection first; ii) for asymptomatic CRC
and non-resectable synchronous CRLM, the consensus is for optimal chemotherapy first, with the aim of making the liver metastases (LM) resectable. This would then be followed by hepatic surgery and resection of the primary tumor; iii) for symptomatic CRC
and resectable synchronous CRLM, recommendations are for
resection of the primary tumor for perforated or occlusive tumors
(but not for tumors with bleeding causing anemia), followed by
chemotherapy and then surgery for LM; iv) For symptomatic CRC
and non-resectable synchronous CRLM, recommendations are for
resection of the primary tumor for perforated or occlusive tumors,
followed by chemotherapy and then surgery for LM if tumor
shrinkage is achieved. For tumors with bleeding causing anemia,
induction chemotherapy is recommended to downsize both the primary tumor and LM, followed by surgery at the site with the most
significant tumor load (usually the liver; i.e., reverse approach).
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- An advanced/joint MDT meeting optimizes the treatment of
stage IV colorectal cancer.
- The treatment is considered as a whole, from the diagnosis to
the last treatment at the same center.
- A proficient multispecialist MDT consists of a colorectal surgeon, liver surgeon, medical and radiation oncologist, radiologist,
nuclear medicine physician and pathologist.
- It is important to audit MDT outcomes to assess improvements in treatment goals.
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Patients with untreated CRLM have a poor prognosis.
Resection of CRLM has shown to prolong survival but the proper
selection of patients who would benefit is important. The improved
survival in stage IV colorectal cancer is associated with a better
diagnosis and evaluation, proper decision-making, improved
chemotherapy and the adoption of parenchymal-sparing hepatic
resections. It is therefore important to regularly evaluate the outcome of the advanced MDT meetings so as to maintain the
improvements in treatment goals as compared to a general colorectal MDT meeting. It is also useful to compare with other centers on
effect of survival. Better patient selection through improved imaging techniques and identification of genomic markers as well as
further advances in chemotherapy will further improve the outcome of the advanced MDT’s management of stage IV colorectal
cancer.

[Oncology Reviews 2017; 11:331]

Review

32.
33.
34.
35.
36.

37.
38.
39.

40.
41.

44.
45.
46.
47.
48.
49.

on
ly

31.

43.

Kohne C-H, Bokemeyer C, Heeger S, et al. Efficacy of
chemotherapy plus cetuximab accoding to metastatic site in
KRAS wild-type metastatic colorectal cancer: analysis of
CRYSTAL and OPUS studies. Ann Oncol 2011;29:abstract
3576.
Sorbye H, Mauer M, Gruenberger T, et al. Predictive factors
for the benefit of perioperative FOLFOX for resectable liver
metastasis in colorectal cancer patientrs (EORTC Intergroup
Trial 40983). Ann Surg 2012;255:237-47.
Loupakis F, Cremolini C, Masi G, et al. Initial therapy with
FOLFOXIRI and bevacizumab for metastatic colorectal cancer. N Eng J Med 2014;371:1609-18.
Zakaria S, Donohue JH, Que FG, et al. Hepatic resection for
colorectal metastases: value for risk scoring systems? Ann
Surg 2007;246:183-91.
Malik HZ, Prasad KR, Halazun KJ, et al. Preoperative prognostic score for predicting survival after hepatic resction for
colorectal liver metastases. Ann Surg 2007;246:806-14.
Adam R, Aloia T, Levi F, et al. Hepatiic resection after rescue
cetuximab treatment for colorectal liver metastases previously
refractory to conventional systemic therapy. J Clin Oncol
2007;25:4593-602.
Brouquet A, Overman MJ, Kopetz S, et al. Is resection of colorectal liver metastases after a second-line chemotherapy regimen justified? Cancer 2011;117:4484-92.
Van Cutsem E, Cervantes A, Nordlinger B, Arnold D.
Metastatic colorectal cancer: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol
2014;25:iii1-9.
Gaujoux S, Goere D, Dumont F, et al. Complete radiological
response of colorectal liver metastases after chemotherapy:
what can we expect? Dig Surg 28:114-20.
Goere D, Gaujoux S, Deschamp F, et al. Patients operated on
for initially unresectable colorectal metastases with missing
metastases experience a favorable long-term outcome. ANN
Surg 2011;254:114-8.
Cauchy F, Aussilhou B, Dokmak S, et al. Reappraisal of the
risks and benefits of major liver resection in patients with initially unresectable colorectal liver metastases. Ann Surg
2012;256:746-54.
Gold JS, Are C, Kornprat P, et al. Increased use of parenchymal-sparing surgery for bilateral liver metastases from colorectal cancer is associated with improved mortality without
change in oncologic outcome: Trends in treatment overtime in
440 patients. Ann Surg 2008;247:109-17.
Andreou A, Aloia TA, Brouquet A, et al. Margin status
remains an important determinant of survival after surgical
resection of colorectal liver metastases in the era of modern
chemotherapy. Ann Surg 2013;257:1079-88.
de Haas RJ, Wicherts DA, Flores E, et al. R1 resection by
necessity for colorectal liver metastases: is it still a contraindication to surgery? Ann Surg 2008;248:626-37.
Pawlik TM, Izzo F, Cohen DS, et al. Combined resection and
radiofrequency ablation for advanced hepatic malignancies:
results in 172 patients. Ann Surg Oncol 2003;10:1059-69.
Weledji EP, Ngounou E. The impact of segmental anatomy on
hepatic oncologic resection. Curr Surg Rep 2016;4:4.
Elias DE, Santoro R, Quellet JF, et al. Simultaneous percutaneous right portal vein embolization and left liver tumour
radiofrequency ablation prior to a major right hepatic resection
for
bilateral
colorectal
metastases.
Hepatogastroenterology 2004;51:1788-91.
Abdalla EK, Bauer TW, Chun YS, et al. Locoregional surgical
and interventional therapies for advanced colorectal cancer

al
us
e

30.

42.

50.
51.

m
er
ci

29.

co
m

28.

N
on

27.

gadoxetic acid-enhanced 3.0-T MRI and contrast-enhanced
MDCT with histopathological correlation. Eur Radiol
2013;23:2187-96.
Bipat S, van Leeuwen MS, Comans EF, et al. Colorectal liver
metastases: CT, MR imaging, and PET for diagnosis- metaanalysis. Radiology 2005;237:123-31.
Rojas Llimpe FL, Di Fabio F, Ercolani G, et al. Imaging in
resectable colorectal liver metastasis patients with or without
preoperative chemotherapy: results of the PROMETEO-01
study. Br J Cancer 2014;111:667-73.
Chami L, Lassau N, Malka D, et al. Benefits of contrastenhanced sonography for the detection of liver lesions: comparison with histologic findings. AJR Am J Roentgenol
2011;190:683-90.
de Geus-Oei LF, Vriens D, van Laarhoven HW, et al.
Monitoring and predicting response to therapy with 18F-FDG
PET in colorectal cancer: a systematic review. J Nucl Med
2009;50:43S-54S.
Hwang M, Jayakrishnan TT, Green DE, et al. Systematic
review of outcome of patients undergoing resection for colorectal liver metastasis in the setting of extrahepatic disease.
E J Cancer 2014;59:1747-57.
Karagkounis G, Torbenson MS, Daniel HD, et al. Incidence
and prognostic impact of KRAS and BRAF mutation in
patients undergoing liver surgery for colorectal metastases.
Cancer 2013;119:4137-44.
Stremitzer S, Stift J, Gruenberger B, et al. KRAS status and
outcome of liver resection after neoadjuvant chemotherapy
including bevacizumab. Br J Surg 2012;99:1575-82.
Araujo R, Gonen M, Allen P, et al. Comparison between perioperative and postoperative chemotherapy after potentially
curative hepatic resection for metastatic colorectal cancer.
Ann Surg Oncol 2013;20:4312-21.
Lehmann K, Rickenbacher A, Weber A, et al. Chemotherapy
before Liver resection of colorectal metastases: friend or foe?
Ann Surg 2012;255:237-47.
Nordlinger B, Sorbye H, Glimelius B, et al. Perioperative
chemotherapy with FOLFOX4 and surgery versus surgery
alone for resectable liver metastases from colorectal cancer
(EORTC Intergroup trial 40983): A randomized controlled
trial. Lancet 2008;371:1007-16.
Sanoff HK, Sargent DJ, Nair S, et al. Five-year data and prognostic factor analysis of oxaliplatin and irinotecan combinations for advanced colorectal cancer: N9741. J Clin Oncol
2008;26:5721-7.
Primrose J, Falk S, Finch-Jones M, et al. Systemic chemotherapy with or without cetuximab in patients with resectable colorectal liver metastases/The New EPOC randomized controlled trial. Lancet Oncol 2014;15:601-611.
McCahill IE, Yothers G, Sharif S, et al. Primary mFOLFOX6
plus bevcizumab without resection of the primary tumor for
patients presenting with surgically unresectable metastatic
colon cancer and an intact asymptomatic colon cancer; definitive analysis of NSABP trial C-10. J Clin Oncol
2012;30:3223-8.
Nordlinger B, Poston GJ, Goldberg RM. Should the results of
the new EPOC trial change practice in the management of
patients with resectable metastatic colorectal cancer confined
to the liver? J Clin Oncil 2015;3:241-3.
Primrose J, Falk S, Finch-Jones M, et al. A randomized clinical trial of chemotherapy compared to chemotherapy in combination with cetuximab in k-RAS wild type patients with
operable metastases from colorectal cancer: The new EPOC
study. J Clin Oncol 2013;31:abstr 3504.

52.
53.

54.
55.
56.
57.
58.

59.

[Oncology Reviews 2017; 11:331]

[page 79]

Review

63.
64.
65.
66.
67.
68.

N
on

co
m

69.

on
ly

62.

al
us
e

61.

91.
70. Yin Z, Liu C, Chen Y, et al. Timing of hepatectomy in
resectable synchronous colorectal liver metastases (SCRLM):
simultaneous or delayed? Hepatology 2013;57:2346-57.
71. Lambert LA, Colacchio TA, Bart Jr RJ. Interval hepatic
resection of colorectal metastases improves patient selection.
Arch Surg 2000;135:473-9.
72. Jones RP, Hamann S, Malik HZ, et al. Defined criteria for
resectability improves rates of secondary resection after systemic therapy for liver limited metastatic colorectal cancer.
Eur J Cancer 2014;50:1590-60.
73. Feng Q, Wei Y, Zhu D, et al. Timing of hepatectomy for
resectable synchronous colorectal liver metastases: for whom
simultaneous resection is more suitable - a meta-analysis.
PLoS One 2014;9:e104348.
74. Slesser AA, Chand M, Goldin R, et al. Outcomes of simultaneous resections for patients with synchronous colorectal liver
metastases. Eur J Surg Oncol 2013;39:1384-93.
75. Kopetz S, Chang GJ, Overman MJ, et al. Improved survival in
metastatic colorectal cancer is associated with adoption of
hepatic resection and improved chemotherapy. J Clin Oncol
2009;27:3677-83.
76. Ye YJ, Shen ZL, Sun XT, et al. Impact of multidisciplinary
team working on the management of colorectal cancer. Chin
Med J (Engl) 2012;125:172-7.
77. Jones RP, Vauthey JN, Adam R, et al. Effect of specialist decision-making on treatment strategies for colorectal liver metastases. Br J Surg 2012;99:1263-9.
78. Garden OJ, Rees M, Poston GJ, et al. Guidelines for resection
of colorectal cancer liver metastases. Gut 2006;55:iii1-iii8.
79. Lordan JT, Karanjia ND, Quiney N, et al. A 10-year study of
outcome following hepatic resection for colorectal liver metastases - the effect of evaluation in a multidisciplinary team setting. Eur J Surg Oncol 2009;35:302-6.

m
er
ci

60.

liver metastases: expert concensus statements. HPB (Oxford)
2013;15:119-30.
Stattner S, Jones RP, Yip VS, et al. Microwave ablation with
or without resection for colorectal liver metastases. Eur J Surg
Oncol 2013;39:844-9.
Adam R, Pascal G, Azoulay D, et al. Liver resection for colorectal metastases: the third hepatectomy. Ann Surg
2003;238:871-83.
Wyld L, Audisio RA, Poston GJ. The evolution of cancer surgery and future perspectives. Nat Rev Clin Oncol
2015;12:115-24.
Damjanov N, Weiss J, Haller DG. Resection of the primary
colorectal cancer is not necessary in nonobstructed patients
with metastatic disease. Oncologist 2009;14:11-2.
Kim YW, Kim IY. The role of surgery for asymptomatic primary tumours in unresectable stage IV colorectal cancer. Ann
Coloproctol 2013;29:44-54.
Anwar S, Peter MB, Dent J, Scott NA. Palliative excisional
surgery for primary colorectal cancer in patients with incurable metastatic disease. Is there a survival benefit? A systematic review. Colorectal Dis 2012;14:920-30.
Ahmed S, Shahid RK, Leis A, et al. Should noncurative resection of the primary tumour be performed in patients with stage
IV colorectal cancer. A systematic review and meta-analysis.
Curr Oncol 2013;20:420-41.
Temple LK, Hsieh L, Wong WD, et al. Use of surgery among
elderly patients with stage IV colorectal cancer. J Clin Oncol
2004;22:3475-84.
Clancy C, Burke JP, Barry M, et al. A meta-analysis to determine the effect of primary tumor resection for stage IV colorectal cancer with unresectable metastases on patient survival. Ann Surg Oncol 2014;21:3900-8.
Reddy SK, Pawlik TM, Zorzi D, et al. Simultaneous resections of colorectal cancer and synchronous liver metastases: a
multi-institutional analysis. Ann Surg Oncol 2007;14:3481-

[page 80]

[Oncology Reviews 2017; 11:331]

