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ABSTRACT 

This thesis set out to determine whether the care of patients with synchronous 

colorectal liver metastases could be optimised. The evidence comparing the standard 

‘sequential’ resection to simultaneous resections for patients with synchronous 

colorectal liver metastases was demonstrated to be prejudiced due to differing 

selection criteria between the two modalities. A comparative study demonstrated that 

simultaneous resections do result in equivalent short-term and long-term outcomes as 

sequential resections when comparing similar metastatic disease burdens. Whilst 

confirming that simultaneous resections can optimise the care of patients by reducing 

the length of hospital stay. The reported biological evidence suggested that 

synchronous colorectal liver metastases differ from metachronous colorectal liver 

metastases. There was insufficient evidence to determine whether those differences 

existed between the primary tumours of the two groups of patients. A radiological 

study comparing the primary tumour characteristics of the two groups suggested that 

the primary tumours of patients with synchronous colorectal liver metastases were 

more often locally advanced. In addition, the association of extra-mural venous 

invasion with the presence of synchronous disease was confirmed. A study 

investigating the timing of a primary tumour resection on the progression of 

synchronous colorectal liver metastases demonstrated that a delay in the provision of 

systemic chemotherapy resulted in progressive metastatic disease. The results 

generated from this thesis have been derived from exploratory studies and thus limits 

their full translation to clinical practice. However, the findings of this thesis support 

the use of simultaneous resections in selected patients with synchronous colorectal 

liver metastases. In addition, the results of this thesis suggest that the primary tumours 

of patients with synchronous and metachronous colorectal liver metastases do differ. 
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The presence of extra-mural venous invasion should raise the suspicion of the 

presence or development of synchronous colorectal liver metastases during staging 

and post-operative surveillance. 
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1 INTRODUCTION 

 

1.1 OVERVIEW 

This thesis explores the surgical management and the biology of synchronous 

colorectal liver metastases. In view of this, the reader will find that the thesis 

following an introductory Chapter is split into two distinct topics: the surgical 

management of synchronous colorectal liver metastases and the biology of 

synchronous colorectal liver metastases. There is currently very little available 

literature specifically focusing on synchronous colorectal liver metastases as a 

separate entity. The introduction of this thesis thus aims to provide the reader with 

some background knowledge regarding colorectal liver metastases as much of this 

information is applicable to both synchronous and metachronous colorectal liver 

metastases. 
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1.2 DEFINITIONS 

Colorectal liver metastases are broadly classified as either synchronous or 

metachronous in presentation according to when they present in relation to the 

diagnosis of the primary colorectal cancer. The following definitions have been used 

throughout the thesis: 

 There is no clear definition of what constitutes a ‘synchronous presentation’ in 

the literature with varied interpretations.
1
 Synchronous disease in this thesis 

was defined as colorectal liver metastases present at the time of surgery or 

diagnosed within one year of the primary colorectal cancer diagnosis.  

 Metachronous disease was defined as colorectal liver metastases diagnosed 

after one year from the date of the primary colorectal cancer diagnosis. 
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1.3 EPIDEMIOLOGY 

Colorectal cancer is the fourth most common cause of cancer death worldwide and it 

is the third most common cause of cancer death in the United Kingdom (UK).
2 

Approximately forty per cent of all patients with colorectal cancer will develop 

colorectal liver metastases.
3-4

 There is limited data in the literature regarding the exact 

incidence of synchronous or metachronous colorectal liver metastases in the 

population.
5
 From the most recent population based studies, the incidence of 

synchronous and metachronous colorectal liver metastases is approximately equal 

being found to be 14.5-14.7 and 12.8 per cent respectively in patients diagnosed with 

colorectal cancer.
5-6  
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1.4 AETIOLOGY 

After the lymphatic system the liver is the second most common site of tumour 

metastases.
7
 The majority of both gastrointestinal and non-gastrointestinal cancers 

such as lung, pancreatic, renal, uveal melanomas and breast cancers metastasize to the 

liver.
7-8 

The most common site of haematogenous metastatic disease in patients with 

colorectal cancer is the liver.
9
 The process of why certain tumour cells metastasize in 

cancer has yet to be fully elucidated. Paget postulated in the late nineteenth century 

that the microenvironment of the target organ was essential for the establishment of 

metastases: “Seed and Soil theory’.
10

 Subsequently, Ewing in the early twentieth 

century surmised that the mechanics of the microvasculature system in the host organ 

led to the trapping of metastatic cells.
11

 Over a century later, it is considered that both 

those theories still hold true particularly in the liver where it is both the combination 

of its ‘slow and tortuous’ microvasculature and its unique micro-environment that 

predispose it to being a target of metastatic cancer cells.
7
 Once metastatic colorectal 

cancer cells enter the circulation they are able to attain the liver via either the portal 

vein or the hepatic artery vascular supplies.
8 
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1.5  PATHOLOGY 

The growth pattern of the infiltrating margin of colorectal liver metastases is not 

homogenous.
8
 Histological examination of colorectal liver metastases demonstrates 

that there are three distinct patterns of growth.
12-13

 The ‘desmoplastic’ pattern, is 

where an external rim consisting of lymphocytes, fibroblasts, vessels and bile ducts 

separate the tumour cells from the hepatocytes.
12-13

 The ‘pushing’ pattern is where the 

tumour cells ‘push’ aside the liver cell plates whilst destroying the underlying liver 

architecture.
8
 Finally, the ‘replacement’ pattern is where metastatic cells infiltrate the 

liver parenchyma without damage to the liver architecture at the tumour margin and 

with a minimal inflammatory reaction.
8,12-13 
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1.6 PATHOGENESIS 

The majority of the scientific work investigating the development of colorectal cancer 

metastases has focused on the primary tumour.
14

 The development of metastatic cells 

at the primary tumour site is a complex process. In summary, it is believed that the 

induction of epithelial mesenchymal transition (EMT) by the interaction between the 

primary tumour cells and the stroma is crucial in the development of metastases.
14

 

EMT is a process where the cells lose their epithelial differentiation and develop a 

mesenchymal phenotype.
14-15

 Currently, our knowledge of how colorectal cancer cells 

colonize and establish themselves within the liver parenchyma is still limited. Upon 

entry into the liver, several phases are understood to be involved in the progression 

and establishment of the liver metastases: 1) initially the metastatic tumour cells are 

held in the sinusoids where they can either die or extravasation can occur; 2) the 

tumour cells become extravascular and recruit host stromal cells; 3) the recruitment of 

endothelial cells promotes angiogenesis which; 4) finally leads to the growth and 

establishment of the liver metastases.
8,16

 These aforementioned steps are by no means 

an exhaustive description of the process, other important aspects such as the immune 

evasion of the host response both within the primary tumour as well as in the liver are 

clearly important steps too. The entire process from the primary tumour to the 

establishment of metastatic cells in the liver parenchyma represents a complex 

sequence of events and is considered to be the ‘metastatic cascade’ (Figure I).
17
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FIGURE I: THE METASTATIC CASCADE 
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1.6.1 CELL INTERACTIONS 

One of the most important steps in the development of colorectal liver metastases is 

the extravasation of tumour cancer cells through the hepatic endothelium.
16 

The 

natural killer cells (NK), Kuppfer cells and hepatic endothelial cells play an important 

immune-mediated role in preventing the extravasation step when they are held in the 

sinusoids by the release of chemokines and interleukins resulting in the phagocytosis 

and apoptosis of the cancers cells when they are in the sinusoids.
8,16 

It is also thought 

that neutrophils play an important role in preventing the development of metastases 

by activating macrophages as well as direct cytolytic  activity against tumour cells.
8
 

Hepatic stellate cells are found in the space of Disse and when activated resemble 

myofibroblasts.
8
 It is thought that it is their activation in the presence of tumour cells 

that leads to the progression of metastatic development as a result of the release of 

growth factors and metalloproteinases.
8 

 

1.6.2 CYTOKINES 

Interferon α (IFN) is a cytokine that is induced primarily in response to viral infection 

and leads to dendritic cell maturation, NK cell activation as well as cytokine 

production.
18 

Murine models have demonstrated that it has an important role in the 

immunomodulation and rejection of colorectal liver metastases.
18

 Tumour necrosis 

factor- α (TNF- α) and interleukin 1 (IL-1) are cytokines that are important mediators 

of the inflammatory responses.
19 

Interestingly, TNF- α has an ambivalent effect in the 

development of colorectal liver metastases. It is thought to inhibit metastatic 

development by promoting phagocytosis and apoptosis whilst it is also thought that 

under certain circumstances it promotes metastatic development by inducing the 

expression of adhesion receptor molecules such as E-selectin on the hepatic 

endothelial cells.
19 

Similarly, IL-1 as part of the inflammatory response to the 
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colorectal cancer cells, is thought to up regulate the expression of adhesion molecules 

encouraging metastatic development.
20 

 

1.6.3 CHEMOKINES 

Chemokines are a family of cytokines that activate G protein-coupled receptors 

inducing cell migration.
8 

Recently, there is growing evidence that chemokines play an 

important role in the migration of cancer cells to metastatic sites as well as promoting 

invasion, angiogenesis and the survival of metastatic cells.
8-9 

In particular, CXCR4 

and CCR6 have been demonstrated to be associated with colorectal liver metastases.
8-

9
 

1.6.4 ADHESION MOLECULES 

Adhesion molecules are important at several steps in the metastatic cascade for 

tumour cells to successfully develop into liver metastases.
17

 At the primary tumour 

site, down-regulation of cadherins allows detachment of the tumour cells whilst the 

expression of integrins on the cancer cells increases cell motility and facilitates the 

degradation of the extra-cellular matrix by the activation of metalloproteinases.
17

 The 

interaction of adhesion molecules between the colorectal cancer cells and the hepatic 

endothelium is an essential step in the extravasation phase.
8 

The most important 

family of endothelial receptors are the selectins of which E-selectin has been 

demonstrated in both murine and clinical studies to play a crucial role in the 

extravasation of the metastatic cells.
21

 Other adhesion molecules expressed on hepatic 

endothelial cells that are thought to have a role in metastatic progression are the 

ICAMs and VCAMS.
17,19-20

 It has been demonstrated that colorectal cancer cells that 

express sialylated carbohydrate structures such as the sialyl Lewis antigen are able to 

interact with selectins in the hepatic endothelium and develop into metastases.
19-20,22 



 27 

One of the most important adhesion molecules involved in the development of 

colorectal liver metastases, is carcino-embryonic antigen (CEA) a glycoprotein 

commonly expressed by colorectal cancer cells.
14 

It is thought that the interaction 

between CEA and kupffer cells results in a cytokine mediated inflammatory response 

which leads to the up regulation of adhesion molecules such as E-selectin on the 

hepatic endothelial cells.
14

 

1.6.5 PROTEINASES 

The degradation of the extra-cellular matrix and the basement membrane is a vital 

step in the development of metastases.
17

 Colorectal cancer cells express a large 

number of different proteinases of which metalloproteinases (MMPs) are considered 

the most important in the development of colorectal cancer metastases.
17 

It is thought 

that an imbalance between the MMPs and tissue inhibitors of metalloproteinases is 

associated with the development of colorectal liver metastases.
23

 Urokinase-type 

plasminogen activator receptor is another proteinase which is considered to be 

important in the development of colorectal liver metastases.
17

 

1.6.6 GROWTH FACTORS 

The interaction between growth factors and the metastatic cells is an essential step in 

the development of colorectal liver metastases.
17

 Growth factors from the liver micro-

environment specifically interact with tyrosine kinase receptors on tumour cells 

resulting in proliferation.
17 

Growth factors that are associated with the proliferation of 

colorectal liver metastases include: EGFR, HGF and IGF.
17

 

1.6.7 ANGIOGENIC FACTORS 

Angiogenesis is a primordial step in the development of the tumour cells once they 

have established themselves in a distant organ. Numerous angiogenic factors have 
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been shown to contribute to the development of colorectal liver metastases.
17

 The 

expression of vascular endothelial growth factor (VEGF) in primary colorectal cancer 

tumours has been shown to correlate with poor survival and the presence of metastatic 

disease.
17 

Other angiogenic factors that have been implicated in the development of 

colorectal liver metastases are factors from the thrombospondin and angiopoietin 

families.
17

 

1.6.8 OVERVIEW OF GENETICS 

Colorectal cancer develops as a result of a sequence of genetic alterations in epithelial 

cells.
9
 The genetic alterations can occur by several different genetic pathways; the 

most common being the chromosomal instability (CIN) and the microsatellite 

instability pathways (MSI).
24 

The chromosomal instability pathway occurs by the 

inactivation of the APC gene followed by genetic aberrations in KRAS, p53, SMAD4 

and TGF-β.
9,24 

The microsatellite instability refers to the alteration in the number of 

simple DNA sequences particularly affecting mismatch repair enzymes and genes 

such as TGF-
 
β.

24
 The complexity of the metastatic cascade means that a large number 

of gene products are involved at each step of the cascade, the genetic alterations occur 

by either CIN, MSI or promoter methylation.
24

 

1.6.9 IMMUNE SYSTEM 

The local immune system plays an important role in preventing the development of 

colorectal cancer metastases in the liver. The majority of colorectal cancer cells that 

attain the liver sinusoids are destroyed in a highly efficient process by both the 

Kuppfer cells and the natural killer cells.
25-26

 Once tumour cells have evaded the local 

immune system they have to be able to pass through endothelium of the sinusoids. It 
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is thought that colorectal cancer cells specifically achieve this by inducing apoptosis 

of hepatic cells via the Fas/FasL pathway.
27 

1.6.10 STEM CELLS  

The role of stem cells in the development of colorectal cancer and colorectal liver 

metastases represents an exciting new frontier in cancer research. It is becoming 

increasingly accepted that cancer represents a ‘stem cell disease’.
28 

Stem cell research 

with regards to colorectal cancer metastases remains in its infancy. A review of recent 

evidence suggests that the induction of EMT in primary colorectal cancer tumours 

confers an invasive and a migratory ability to colorectal cancer stem cells providing 

the ability of those cells to propagate in distant organs.
28 

Indeed this seems 

substantiated by a murine model where the injection of CD26+ CRC cancer stem cells 

in mice led to the development of liver metastases.
29  
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1.7 CLINICAL PRESENTATION 

There is no clear international definition of what constitutes a synchronous 

presentation, the 7
th

 edition of the AJCC manual states that staging can be undertaken 

as part of ‘definitive surgery, as part of primary treatment or within four months of 

diagnosis, whichever is longer’.
30

 However, no consensus exists in the literature with 

varied interpretations being used in clinical studies including: metastases detected 

prior to or at the time of surgery and metastases detected within three or twelve 

months of the colorectal cancer diagnosis.
1,31 

There appears to be a slightly greater 

incidence of synchronous and metachronous colorectal liver metastases in males 

compared to females.
5
 This difference may, however, relate to the greater incidence of 

colorectal cancer seen in the male cohort investigated in the population based study 

from which this data is derived.
5
 The incidence of both synchronous and 

metachronous colorectal liver metastases do not seem to be affected by the site of the 

primary tumour (colon versus rectum).
5
 Around a quarter of patients presenting with 

synchronous colorectal liver metastases have extra-hepatic metastases.
5
 Patients with 

metachronous liver metastatic disease tend to present within two to three years of the 

primary colorectal cancer diagnosis.
5,32
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1.8 SURGICAL ANATOMY 

Access to the liver can be easily achieved by either: a midline laparotomy incision, 

Kocher incisions or via a laparoscopic approach. Division of the liver’s peritoneal 

attachments allows the surgeon to access all the surfaces of the liver as well as the 

hepatic veins.
33 

The following description of the anatomy is meant to be a brief 

introduction to the basic salient points. The reader is advised to refer to Glyn 

Jamieson’s excellent book for a more thorough description of the applied surgical 

anatomy of the liver.
33 

The morphological appearance of the liver upon entry into the 

peritoneal cavity suggests that the falciform ligament divides the liver into a large 

right lobe and smaller left lobe. This is not the case, Couinaud in 1957 highlighted to 

the surgical fraternity that it is in fact the portal triad of the bile duct, hepatic artery 

and portal vein which effectively divides the liver into a left and right side.
33-34

 

Furthermore, that the left branch of the portal vein supplies the left lobe of the liver 

and vice versa for the right lobe of the liver. The left and right branches of the portal 

vein subsequently divide into two branches supplying ‘sectors’ of the liver consisting 

of two segments each (except the posterior sector which solely consists of segment 

2).
33-34

 The liver thus consists of eight separate ‘segments’ (designated by a roman 

numerical) of which crucially each one can be resected without comprising the 

biliary, venous drainage or vascular inflow of the remnant liver.
33

 Around the time 

that Couinaud published his seminal book
34

, Healey published similar work but 

subdivided the liver according to its biliary drainage.
35

 This led to the use of differing 

nomenclature amongst surgeons.
36

 This led to an attempt to create a universal 

nomenclature particularly for liver resections accepted by the International Hepato-

Pancreato-Biliary Association held in Brisbane, Australia in 2000. This nomenclature 

is widely accepted and is commonly termed the Brisbane nomenclature. The key 
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difference between Couinaud’s classification is that the anatomical resections of the 

left side of the liver are considered according to their arterial supply and biliary 

drainage.
36

 Furthermore, the term ‘section’ is now used when referring to Couinaud’s 

‘sectors’. Please see Figure II for a description of the Brisbane nomenclature. 
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FIGURE II: BRISBANE NOMENCLATURE OF SURGICAL LIVER RESECTIONS 

Surgical resection 

terminology 

Couinaud segments involved Pictorial representation: shaded area 

represents hepatic resection 

Right Hepatectomy 5-8 (+/- 1) 

 
Left Hepatectomy 2-4 (+/-1) 

 
Right anterior 

sectionectomy 

5&8 

 
Right posterior 

sectionectomy 

6&7 

 
Left medial 

sectionectomy or 

Segmentectomy 4 

4 

 
Left lateral 

sectionectomy  

Or Bisegmentectomy 

2&3 

 
Segmentectomy Any single segment 

 
Bisegmentectomy Any two segments in 

continuity 

 
Right Trisectionectomy 

Or Extended Right 

Hepatectomy 

4-8 (+/-1) 

 
Left Trisectionectomy 

Or Extended Left 

Hepatectomy 

2-5,8 (+/-1) 

 
Figure adapted from Strasberg MS. Nomenclature of hepatic anatomy and resections: a review of 

the Brisbane 2000 system. J Hepatobiliary Pancreat Surg. 2005;12:351-355. 
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1.9 STAGING & INVESTIGATION 

The aim of staging in patients with colorectal liver metastases is to determine whether 

the hepatic disease is resectable and to also assess the risk of disease recurrence.
37

 It is 

thought by some authors, that metachronous liver lesions are in fact synchronous 

metastases which were not delineated at the time of colorectal cancer diagnosis.
32

 In 

addition, it has been demonstrated that around twenty-three per cent of patients 

having curative colorectal cancer surgery were found to have occult liver metastases 

on first generation post operative computed tomography (CT) imaging.
38

 The role of 

pre-operative imaging is thus crucial for the early detection of colorectal liver 

metastases. Both CT and magnetic resonance imaging (MRI) can be used to assess 

colorectal liver metastases pre-operatively as both modalities have been demonstrated 

to be accurate ‘diagnostic tools’.
39

 Recent developments with regards to MRI have 

been the introduction of diffusion weighted MRI as well as the use hepatobiliary 

contrast agents which have been shown to have increased sensitivities for the 

detection of colorectal liver metastases compared to conventional MRI.
40

 The contrast 

agent commonly used is Gd-EOB Priomovist as it is avidly taken up by normal 

hepatocytes resulting in hypointense areas where the colorectal liver metastases are 

present.
40

 A large systematic review of the literature has demonstrated that MRI 

imaging is a better imaging modality than CT in the pre-operative evaluation of 

colorectal liver metastases with pooled sensitivities and specificities of 81.1 and 97.2 

compared to 74.8 and 95.6 per cent for CT scanning.
41

 It is considered that MRI is the 

best technique to characterize colorectal liver metastases and to assess their response 

to neo-adjuvant chemotherapy.
42

 It is currently recommended by a consensus 

statement: that dependent upon the expertise available that ‘high-quality’ MRI or CT 

should be used for the pre-operative assessment of colorectal liver metastases.
42
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The evaluation of the response of colorectal liver metastases to systemic therapy is 

notoriously difficult. However, from the results of a meta-analysis it would appear 

that MRI is the most sensitive imaging tool when assessing hepatic lesions post neo-

adjuvant therapy and it thus should be used in preference to CT imaging where 

possible.
39

  

Fluoro-18-deoxyglucose- positron emission tomography (FDG-PET) is now usually 

combined with CT (FDG-PET/CT) and has been demonstrated to be highly sensitive 

and specific for the detection of extra-hepatic disease.
37,39 

FDG-PET is based on the 

concept that cancerous cells have an increased metabolism compared to normal cells 

and thus have an increased uptake of glucose.
41

 Although the reported sensitivities of 

FDG-PET are high the underlying evidence is limited and thus it is recommended that 

it is only used in a select group of patients.
42

  

The use of ultrasound as a pre-operative imaging adjunct is limited due to a low 

sensitivity being reported from pooled estimates as being around sixty-three per 

cent.
41

 However, its use is recommended intra-operatively to assess the resectability 

of the metastatic lesions.
42

 The use of contrast enhanced ultrasound is thought have an 

increased sensitivity compared to conventional ultrasound and it may thus have a 

future role in the intra-operative assessment of colorectal liver metastases.
42-43

  

Staging modalities such as laparoscopic staging and laparoscopic ultrasound have a 

limited role and should only be used when peritoneal disease is suspected.
44 
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1.10 PROGNOSIS 

The presence of liver metastases in patients with colorectal cancer is a poor 

prognostic indicator. The survival for untreated hepatic metastases is dismal with one 

study demonstrating a median survival of five months.
45

 It has been shown, in a 

retrospective study, that 94 per cent of patients with multiple liver metastases died 

within twelve months whilst patients with solitary lesions survived less than two 

years.
46

 A French population study demonstrated that the overall survival for patients 

with synchronous and metachronous colorectal liver metastases was 3.3 and 6.1 per 

cent respectively.
5
 Surgical intervention is the only chance of long-term five-year 

survival. From recent series, the rate of five year overall survival following curative 

resections ranges between thirty-seven and fifty-eight per cent.
47-51

 

  

1.10.1 INDICATORS OF PROGNOSIS 

Numerous indicators of prognosis have been described in the literature for patients 

with colorectal liver metastases. The following variables have been associated with a 

poor overall survival: advanced primary tumour stage, poorly differentiated primary 

tumours, synchronous colorectal liver metastases, elevated pre-operative serum CEA 

levels, elevated serum CA 19-9 antigen levels, low albumin levels, elevated alkaline 

phosphatase levels, number of and size of the liver metastases, pre-operative 

progression of liver metastases, the number of chemotherapy lines administered, the 

presence of extra-hepatic metastases and a positive resection margin.
47-49,52-59

 In 

addition, the macroscopic characteristics of the liver metastases have an impact on 

prognosis. Smooth simple nodular lesions are associated with an improved survival 

compared to multi-nodular lesions with irregular edges.
60

 Factors associated with 
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reduced disease free survival include positive resection margins, multiple liver 

metastases and an elevated pre-operative CEA.
47-49

  

 

Several centres have developed prognostic scoring systems of which the most well 

known are the classifications from Fong et al, Rees et al (Basingstoke Predictive 

Index) and Nordlinger et al.
52-53,58,61

 The Fong et al prognostic score can be used to 

predict the risk of liver recurrence post hepatectomy and comprises the following six 

variables: positive resection margin, more than one liver metastasis, CEA > 200ng/ml, 

metastases > five centimetres, node positive primary and the presence of synchronous 

metastases.
52

 The Nordlinger prognostic score correlates with overall survival 

following a hepatic resection, the following variables on multivariate analysis were 

found to be independent poor prognostic indicators: depth of primary tumour 

infiltration, node positive primary tumour, four or more liver metastases, metastases 

greater than five centimetres, resection margin of less than one centimetre and an age 

greater than sixty years.
53

 The Basingstoke predictive index in a similar manner to the 

Nordlinger classification is a predictive model of survival post hepatectomy but 

differs slightly by including the differentiation of the primary tumour, the presence of 

extra-hepatic disease and a CEA > 60ng/ml whilst not assessing the depth of primary 

tumour infiltration and counting three or more liver metastases as a poor prognostic 

indicator.
58 
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1.11 MANAGEMENT 

1.11.1 ONCOLOGICAL AGENTS 

Fluoropyrimidines in the form of 5-FU was traditionally the only chemotherapy agent 

to be ‘effective’ for metastatic colorectal cancer.
62 

The additional use of oxaliplatin 

and/or irinotecan in recent years has significantly increased the response rates of liver 

metastatic disease.
59,63 

 Bevacizumab is a monoclonal antibody to vascular endothelial 

growth factor (VEGF) that has been demonstrated to improve overall survival and 

progression free survival in patients with metastatic colorectal cancer.
64 

Bevacizumab 

is now widely used as part of the oncological management of patients with colorectal 

liver metastases although there do remain concerns about its effect upon post-

operative healing.
63

 Cetuximab is an epidermal growth factor receptor (EGFR) 

monoclonal antibody that has been demonstrated to be an effective second line agent 

for patients with progressive metastatic colorectal cancer.
65

 

1.11.2 RESECTABLE COLORECTAL LIVER METASTASES 

1.11.2.1 SURGERY 

Despite improvements in chemotherapy regimes, surgical resection of the colorectal 

liver metastases remains the only option to achieve long-term survival.
66

 The criteria 

defining whether colorectal liver metastases are deemed resectable has evolved 

becoming more inclusive. Traditionally the presence of more than four liver lesions, 

extra-hepatic lesions or a bilobar distribution of metastases were considered to be 

absolute contra-indications to a hepatic resection.
66-67

 Although those aforementioned 

factors have been demonstrated as adverse prognostic factors their presence no longer 

precludes a resection, the main determinant of a resection being feasible is now 

whether a negative resection margin can be achieved.
66-69

  This is in part due to the 

fact that patients who undergo an incomplete tumour resection have the same 
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outcome as patients managed conservatively.
63

 Other considerations include ensuring 

that a sufficient remnant liver volume will be present post resection (twenty-five to 

thirty per cent) and if present whether a negative resection margin of extra-hepatic 

disease can be achieved.
66,69-70

  

The proportion of patients with hepatic disease amenable to a curative resection is 

increasing as a result of improving pre-operative staging as well as evolving surgical 

techniques.
71

 The judicious use of portal venous embolization, down-staging neo-

adjuvant chemotherapy, parenchyma preserving techniques, ablation and two-stage 

hepatectomies have allowed patients who would have been previously thought to have 

irresectable disease to now undergo curative resections.
72-73

 Two-stage hepatectomies 

have become a routine component of hepatobiliary surgery and includes portal vein 

embolization to increase the size of the remnant liver following the primary 

metastectomy followed several months later by the second hepatectomy.
72

  

It is currently considered that approximately fifteen to thirty per cent of patients 

presenting with colorectal liver metastases are eligible for a hepatic resection.
66,74-75

 

This is evidenced by the curative resection trends from a population based study 

demonstrating that the rates have increased from two per cent in the mid ninety-

seventies to around twenty per cent in the last decade.
5
 There are several different 

surgical options available to manage patients with synchronous colorectal liver 

metastases. Currently the mainstay of surgical management has been a sequential 

resection whereby the primary is resected followed by adjuvant chemotherapy and 

then a hepatic resection.
76-77

 Simultaneous resections are complex procedures where 

both the primary tumour and the liver metastectomy are performed at the same time. 

The third approach, that has been recently advocated for rectal primaries, is the 

reverse resection where the liver resection is performed first followed by the primary 
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tumour extirpation at a second sitting. Currently, there is only retrospective evidence 

supporting either of those approaches. The perceived pros and cons of the sequential 

and simultaneous approaches will be further expanded upon as part of this thesis. 

1.11.2.2  ONCOLOGICAL MANAGEMENT 

Traditionally the approach for the oncological management of patients with 

synchronous colorectal liver metastases is to perform a primary tumour resection as 

part of a sequential resection followed by long courses of adjuvant systemic 

chemotherapy.
66

 Only patients who do not have progression of their liver metastases 

during this interval have been traditionally considered for a liver resection.
66

 The 

logic for this approach is based on the following arguments: a) this approach allows 

the identification of patients with aggressive metastatic disease and thus their 

preclusion from what is perceived as further futile surgery; b) all patients receiving a 

liver resection have been treated and c) that this is the optimal approach as the 

morbidity associated with simultaneous resections is too elevated.
66

 Adam et al, in a 

retrospective study of patients undergoing liver resections with four or more liver 

lesions demonstrated that patients who progressed despite chemotherapy had a 

significantly reduced survival compared to patients who either responded or had 

stable disease.
59

  

The main aim of systemic peri-operative chemotherapy is to reduce the risk of 

recurrence and hence improve long-term survival.
4,78

 It is undisputed that systemic 

chemotherapy improves long-term survival outcomes compared to a resection alone. 

The EORTC trial demonstrated that the use of Folate, 5-Fluorouracil, and Oxaliplatin 

(FOLFOX) pre and post-operatively in patients with resectable disease significantly 

increased three-year progression free survival in patients receiving a hepatic 

resection.
79 

Most experts would thus agree that peri-operative chemotherapy should 
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be given to patients with resectable colorectal liver metastases.
72 

The National 

Comprehensive Cancer Network guidelines on the management of synchronous and 

metachronous metastatic colorectal cancer recommends that patients with resectable 

colorectal liver metastases should receive two to three months of peri-operative 

chemotherapy.
80 

However, there is no consensus on the timing of the systemic 

chemotherapy.
81

 Currently, there is limited evidence supporting the use of adjuvant 

chemotherapy post hepatic resection.
81 

 However, the studies so far investigating the 

use of adjuvant chemotherapy in patients with resectable disease have demonstrated 

either improved disease or progression free survival.
4
  

There are concerns relating to the complications associated with the use of 

chemotherapy. There are conflicting results with some studies demonstrating that the 

use of neo-adjuvant chemotherapy is safe
82-84

 whilst other studies have demonstrated 

increased rates of post-operative complications.
85

 The EORTC trial did demonstrate a 

significantly greater proportion of ‘reversible’ post-operative complications in 

patients receiving peri-operative chemotherapy but no difference in mortality.
79

 It is 

clear that the use of systemic chemotherapy does have certain disadvantages including 

the progression of initially resectable disease, delay to surgical intervention and the 

complete response of liver lesions making their identification during surgery 

difficult.
66,77 

Furthermore, an important complication of chemotherapy is liver damage 

including: a) steatohepatitis commonly associated with fluorouracil and irinotecan and 

b) vascular sinusoidal injury associated with the use of oxaliplatin.
72

 The risk of 

chemotherapy complications have led some authors to argue that ‘low risk’ patients 

with metachronous liver metastases or limited hepatic disease should proceed directly 

to surgery.
81
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1.11.3 IRRESECTABLE COLORECTAL LIVER METASTASES 

Regrettably the majority of patients presenting with colorectal liver metastases are 

found to have irresectable disease.
63

 Patients presenting with irresectable metastatic 

disease should be managed according to whether their primary tumour is symptomatic 

or asymptomatic.
86

 It is currently advised that both groups of patients should receive 

systemic chemotherapy with median overall survival rates of up to two years with this 

approach.
74,87

 Furthermore, this also has the advantage downsizing the lesions making 

them potentially resectable.
62,64,88

 This is supported by evidence demonstrating that 

between twelve and forty per cent of patients with irresectable liver metastases 

following treatment with chemotherapy can proceed to surgery.
88-90

 Recently, the use 

of monoclonal agents has been shown to increase the proportion of patients eligible 

for a resection.
91

 Five-year overall survival rates of thirty-three per cent have been 

reported in patients who have had liver resections for initial irresectable disease 

nearly replicating the overall survival rates of patients with resectable liver metastases 

who went straight to surgery.
90 

 

The management of the primary tumour should be adapted to the patient’s co-

morbidities, symptoms and wishes.
74

 The treatment should aim: to control symptoms, 

prolong survival, and maintain or ameliorate the patient’s quality of life.
87

 Currently, 

there is no consensus regarding the optimal treatment for the primary tumour in 

patients with irresectable liver disease.
92 

In patients with rectal cancers able to tolerate 

an operative procedure, chemoradiotherapy followed by a resection maybe considered 

when there is: symptomatic rectal disease, a risk of obstruction and a likelihood to 

survive long enough to develop pelvic symptoms.
74,87,93

 Clearly in such 

circumstances, judicious patient selection is paramount to prevent unacceptably high 

levels of post-operative mortality. The NCCN guidelines recommend a range of 
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options in the cases of symptomatic primary tumours such as primary tumour 

resection, defunctioning colostomy, chemotherapy/chemoradiotherapy, laser 

recanalisation, or stenting.
69,80

 

Traditionally, it was considered that patients with asymptomatic primary tumours 

should undergo a resection to prevent complications such as an obstruction.
92,94-95

 

This approach has been recently questioned as it has been shown that systemic 

chemotherapy with or without radiation is an effective form of palliation reducing the 

risks of both morbidity and mortality compared to a primary resection.
74,92,96 

It is 

argued, however, that a resection should be considered as the recent trend of  

improved survival rates seen in patients with irresectable metastatic disease increases 

the risk over time of developing complications necessitating emergency surgery with 

its high rates of associated morbidity.
87,92,94

 The counter argument that is proposed by 

others, are that symptoms that develop can be alleviated with techniques such as 

stenting or endoscopic ablation.
97

 The NCCN guidelines recommend systemic 

chemotherapy as the first-line treatment for asymptomatic colorectal cancers.
69,80

 

There is insufficient evidence to support either approach and thus either form of 

management can be justified according to the patient’s wishes, symptoms and 

prognosis.
77

 

1.11.4 ADJUNCTIVE TREATMENTS 

Three classes of adjunctive treatments exist for the treatment of colorectal liver 

metastases: ablative techniques, trans-arterial treatments and radiotherapy.
72

 They 

tend to be used in the management of patients who have irresectable disease as a 

result of either patient fitness or the metastatic disease burden.
72
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1.11.4.1  RADIOFREQUENCY ABLATION 

Radiofrequency (RFA) is not a curative option as the recurrence rate is high.
49

 It is 

thus usually used as an adjunct to a hepatic resection when a complete resection 

cannot be performed and is particularly useful for recurrences.
49,98

 Very occasionally 

it can be used as a definitive treatment or in combination with neo-adjuvant 

chemotherapy in cases where there are a maximum of three metastases and the largest 

tumour is less than three centimetres.
67,98

 In addition, it can be used for  lesions that 

are difficult to access surgically and can increase the number of patients eligible for 

curative resections.
63,68

 The ablative ability of RFA is reduced when lesions are 

adjacent to vascular structures due to heat dissipation as a result of blood flow.
67,70

 

Due to those perceived limitations new ablative techniques are being developed 

including microwave ablation (MWA). Ablation of the liver parenchyma occurs 

through an electromagnetic field and it’s potential advantage over RFA maybe the 

fact that it is less prone to heat dissipation.
99

   Currently, radiofrequency ablation is 

licensed for use in both the UK and the USA as an adjunct to liver resection.
69,100

  

  

1.11.4.2 TRANS-ARTERIAL DIRECTED THERAPY 

Trans-arterial treatments include a plethora of different therapies including 

embolization, chemo-embolization, continuous infusion and radiotherapy.  

1.11.4.2.1 TRANS-ARTERIAL CHEMOEMBOLISATION 

Trans-Arterial Chemoembolisation (TACE) is generally used instead of plain 

embolisation due to the theoretical benefits of the combined effect of local 

chemotherapy and ischaemia.
72 

The rationale underlying the use of TACE is that the 

tumour vascular supply is mainly arterial in origin whereas the normal ‘healthy’ liver 

tissue is supplied by the portal venous system. Initially, TACE was undertaken using 
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a contrast agent (Lipiodol) to act as a drug carrier for the chemotherapy agent 

followed by a selective arterial embolization using gelfoam or polyvinyl alcohol 

particles. Recently, the Lipiodol carrier system has been replaced with a 

biocompatible microsphere bead system that allows both the delivery of the 

chemotherapy agent and the selective embolization of the tumour. This has been 

demonstrated to improve drug delivery and reduce the systemic effects of the 

chemotherapy and is now the most common method of performing TACE.
101 

The use 

of TACE is an accepted treatment option for patients with irresectable hepatocellular 

carcinoma using doxorubicin beads. The use of irinotecan beads is becoming more 

widespread in the management of irresectable colorectal liver metastases.
101 

Phase 

two trials assessing the effect of TACE using irinotecan beads in patients with 

irresectable colorectal liver metastases have demonstrated promising short-term 

tumour response rates of between sixty-five and seventy-eight per cent.
102-104

  

1.11.4.2.2 HEPATIC ARTERIAL INFUSION 

Hepatic arterial infusion is only available in a few centres but has been shown in a 

phase one trial to result in excellent response rates in patients with irresectable disease 

when combined with systemic chemotherapy.
105

  

1.11.4.2.3 SELECTIVE INTERNAL RADIATION THERAPY 

Selective internal radiation therapy (SIRT) is the process whereby radiotherapy is 

delivered via the hepatic arterial tree using radioactive yttrium-90 in either glass or 

resin microspheres and was first described for hepatocellular cancer in 1965.
72,106

 As 

previously described, the blood supply to liver tumours is predominantly arterial and 

thus a high dose of radiation can be delivered to the tumour when the microspheres 

become lodged in the microvasculature.
107

 There is emerging evidence that this form 

of adjunctive treatment in patients with good performance status and good liver 
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function can reduce the time to progression and improve overall survival in patients 

with irresectable colorectal liver metastases when compared to chemotherapy or 

supportive care alone.
107-110

 However, the evidence regarding the efficacy of intra-

arterial radiotherapy remains limited and it should only be considered as part of a 

clinical trial or in highly selected patients.
99

 

1.11.4.3  RADIOTHERAPY 

External beam radiotherapy is occasionally used in the palliation of patients with 

irresectable colorectal liver metastases.
111

 Concerns regarding radiation induced 

hepatitis and a lack of evidence regarding its survival benefit have limited the use of 

external beam radiotherapy.
99 

Recently, however, the development of stereotactic 

body radiotherapy (SBRT) has caused a re-emergence of the use of radiotherapy in 

the treatment of liver metastases. SBRT improves the accuracy of the delivery of 

radiotherapy to a targeted tissue allowing a high fraction to be delivered whilst 

reducing the amount of normal tissue being irradiated.
112

 A review of the evidence by 

a panel of experts has demonstrated that SBRT has a low toxicity rate and is effective 

at preventing progression of metastatic disease in patients with limited hepatic 

disease.
112

 It is thus suggested that SBRT will be more commonly used in the 

treatment of patients with limited hepatic metastatic disease.
112   

 

1.11.5  EXTRA-HEPATIC METASTASES 

Patients presenting with colorectal liver metastases and synchronous extra-hepatic 

disease pose a real challenge to both surgeons and oncologists. Traditionally, the 

presence of extra-hepatic disease was a contra-indication to surgery.
113

 However, 

five-year overall survival rates following surgery of between twenty and twenty-eight 
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per cent have been reported.
113 

It is thus felt by experts in the field that surgery 

following systemic chemotherapy can be considered in a highly selected group of 

patients who are: young and fit, have limited hepatic disease, have only one site of 

extra-hepatic disease and who have either responded or demonstrated stable disease in 

response to the chemotherapy.
113 
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1.12 FOLLOW UP 

Despite the oncological and surgical advances in the management of patients with 

colorectal liver metastases, the majority of patients will develop a hepatic recurrence 

following surgery with curative intent.
77

 The majority of patients post a hepatic 

resection will develop a liver recurrence within two years.
114-115

 Close follow up of 

patients post hepatic resection is essential as the majority of patients who develop a 

hepatic recurrence will be amenable to another curative resection.
116
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1.13 FUTURE DEVELOPMENTS 

Techniques which prevent the systemic toxic effects of chemotherapy are appealing 

possible oncological therapies of the future for the management of colorectal liver 

metastases. In particular the use of suicide gene therapy where a bacterial or viral 

gene that is able to produce a toxic compound is transferred into the metastasis is an 

interesting possible future development.
117 

The potential benefits of this approach 

apart from preventing systemic toxicity are that it can elicit a systemic immune 

response potentially resulting in the treatment of all other sites of metastases.
117  

MRI seems to show the most promise with regard to evolving imaging techniques to 

functionally assess colorectal liver metastases.
40

 It has been demonstrated that the 

hepatic vascular arterial blood flow alters in the presence of colorectal liver 

metastases compared to normal parenchyma during the early stages of metastatic 

development.
118

 Novel MRI techniques are currently being developed that can 

specifically assess tumour vascularization and have the potential to increase the 

detection of occult liver metastases.
118-119

  

The benefits of enhanced recovery after surgery programmes (ERAS) are well 

established in other fields of surgery such as colorectal surgery. There is currently 

limited evidence supporting the role of the use of ERAS in hepatic surgery but the 

evidence available is promising demonstrating reduced lengths of hospital stay and 

morbidity compared to conventional care.
120

 Although further evidence is required it 

seems likely that the use ERAS will become routine in the field of hepatobiliary 

surgery.  

An exciting new procedure that has recently emerged is the ‘associating liver partition 

and portal vein ligation’ (ALPPS) technique.
121

 First performed in 2007, it is an intra-
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operative technique that appears to result in a quicker and greater volume gain of the 

remnant liver than the traditional portal venous ligation and portal vein embolization 

techniques.
121-122

 There is currently limited evidence supporting its routine use but it 

is thought to have the potential to increase the number of patients with resectable 

colorectal liver metastases.
121 
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1.14 HYPOTHESIS 

That the surgical management of patients with synchronous colorectal liver 

metastases can be optimised with regards to both short-term and oncological 

outcomes by using an alternative surgical approach to the current standard 

‘sequential’ resection. Improving the understanding of the tumour biology of patients 

with synchronous colorectal liver metastases will help to further optimise the surgical 

and oncological management of those patients. 
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1.15 AIMS 

 To determine whether the standard surgical management of synchronous 

colorectal liver metastases can be optimised. 

 To determine how improvements in the understanding of the tumour biology 

of patients with synchronous colorectal liver metastases can be translated to 

surgical practice. 
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2 A META-ANALYSIS COMPARING SIMULTANEOUS VERSUS 

SEQUENTIAL RESECTIONS FOR PATIENTS WITH 

SYNCHRONOUS COLORECTAL LIVER METASTASES.  

 

2.1  INTRODUCTION 

The optimal surgical management of patients with synchronous colorectal liver 

metastases (SCLM) is a contentious and debated issue. The standard surgical 

treatment has been a ‘sequential’ resection whereby the primary is resected first 

followed by a hepatectomy at a later stage.
123

 Recently, in some centres, there has 

been a shift in favour of ‘simultaneous’ resections whereby the primary and liver 

resection are performed concurrently.
124

 However, there remain concerns about both 

the safety and the long-term oncological effects of simultaneous resections. This has 

led to most centres performing ‘simultaneous’ resections in only a highly selected 

group of patients.
86,125-126

 The meta-analyses that have so far been performed have 

analysed a limited numbers of studies missing significant studies and have thus not 

satisfactorily answered the concerns about simultaneous resections in patients with 

synchronous colorectal liver metastases.
127-128 
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2.2 AIM 

The aim of the present study was to compare short-term and long-terms outcomes of 

patients undergoing simultaneous versus sequential resections for synchronous 

colorectal liver metastases.  
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2.3 METHODS 

 

2.3.1 SEARCH STRATEGY 

An electronic database search was performed using the following resources: 

MEDLINE from PubMed (1950 to present), Embase, Ovid and Cochrane. The 

following search headings were used: “colorectal liver metastases”, “colorectal 

hepatic metastases” combined with the Boolean operator ‘AND’ and each of the 

following terms: “delayed resection”, “simultaneous resection” and “synchronous 

resection”. The titles were initially scanned and the abstracts of interest were 

reviewed. All articles reviewed and included in the study had their reference lists 

manually scanned and were included in the study if they met the inclusion criteria. No 

language restrictions or database limits were applied to the search. The latest date for 

the search was August 31, 2011. 

2.3.2 INCLUSION CRITERIA 

In order to be included in the analysis, studies had to: (a) compare simultaneous and 

sequential resections in patients with colorectal liver metastases; (b) colorectal liver 

metastases had to be clearly documented as synchronous in presentation; (c) report on 

at least one of the outcome measures mentioned below; (d) be either the most recent 

study or the highest quality study when two or more studies were reported by the 

same institution and/or authors. 

2.3.3 EXCLUSION CRITERIA 

Studies were excluded from the analysis if: (a) the outcomes of interest were not 

clearly reported for the two different disease types; (b) the studies were not 

comparative; (c) it was impossible to extrapolate or calculate the necessary data from 
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the published results; and (d) there was considerable overlap among authors, centres, 

or patient cohorts evaluated in the published literature. 

2.3.4 DATA EXTRACTION 

Two investigators independently extracted the following data variables from each 

study: first author, year and country of publication, study population characteristics 

including age and gender, study design, inclusion and exclusion criteria, matching 

criteria, length of follow up and the number of subjects undergoing simultaneous and 

sequential resections. There was 100% agreement amongst the two investigators. 
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2.4 OUTCOMES OF INTEREST AND DEFINITIONS 

Outcomes, where applicable, in the sequential resection group included outcomes 

both for the primary colorectal resection as well as for the hepatic resection. The 

following outcomes were used to compare patients undergoing sequential hepatic 

resections for synchronous colorectal liver metastases with patients undergoing 

simultaneous resections for synchronous colorectal liver metastases: 

1. Intra-operative parameters included duration of surgery (minutes), blood loss 

(mls), blood transfusion requirement (units) and vascular occlusion time 

(minutes). 

2. Post-operative parameters included length of hospital stay (days) from the day 

of surgery. 

3. Adverse early post-operative events included thirty day post-operative 

mortality, overall post-operative complications including liver resection 

related complications (bile leak, hepatic insufficiency/failure, biliary fistula, 

ascites, biloma, peri-hepatic/subphrenic abscess), general complications 

(anastomotic leak, sepsis, surgical re-exploration, complication related 

interventions, haematoma, wound infection, abscess, ileus, acute renal failure, 

transfusion related), respiratory and cardiovascular complications. 

4. Long-term outcomes included overall and disease free survival. 

 

 

 



 59 

2.5 STATISTICAL ANALYSIS 

The meta-analysis was performed according to the recommendations from the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

statement.
129

 Statistical analysis of dichotomous variables was performed using the 

odds ratio (OR) as the summary statistic and continuous variables were analysed 

using the weighted mean difference (WMD), both were reported with 95% confidence 

intervals (CI).
130

 OR represent the odds of an adverse event occurring in the 

simultaneous group compared to the sequential group, whilst the WMDs summarize 

the differences between the simultaneous and sequential resection groups with respect 

to continuous variables, accounting for sample size. For studies that presented 

continuous data as mean and range values, the standard deviations (SDs) were 

calculated by using statistical algorithms and checked using “bootstrap” resampling 

techniques.  An OR of less than one favoured the simultaneous resection group and 

the point estimate of the OR was considered to be statistically significant at the P < 

0.05 level if the 95% confidence interval did not include the value one. 

The Mantel-Haenszel method was used to combine the odds ratio for the outcomes of 

interest by using a “random effect” meta-analytical technique. In a random effect 

model it is assumed that there is a variation between studies and the calculated odds 

ratio, and it thus provides a more conservative value.
130-131

 The random effect model 

is preferable when meta-analytical techniques are undertaken in surgical research for 

a given surgical technique in which each centre has differing patient selection criteria 

and patient risk profiles. The Yate correction was used for those studies that contained 

a zero in one cell for the number of events of interest in one of the two groups.
132-133

 

These “zero cells” created problems with the computation of ratio measure and its 

standard error of the treatment effect. This was resolved by adding the value “0.5” in 
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each cell of the 2 × 2 table for the study in question. Furthermore, if there were no 

events for both the simultaneous and sequential resection groups, the study was 

discarded from the meta-analysis of that outcome.  

The hazard ratio (HR) was used to compare overall survival and disease free survival 

between the simultaneous and sequential resection groups. An HR of more than one 

favoured the simultaneous group, and the point estimate of the HR was considered to 

be statistically significant at the P < 0.05 level if the 95% confidence interval did not 

include the value one. 

The quality of the studies was assessed by use of the Newcastle-Ottawa Scale (NOS) 

with some modifications to match the needs of this study.
134-136 

 Two investigators 

evaluated the quality of the studies, by examining two factors: patient selection and 

comparability of the study groups. Studies achieving more than seven stars 

(maximum 9) were considered to be of higher quality. 

Heterogeneity (HG) among the individual studies was considered to be statistically 

significant at the P < 0.10 level. Two strategies were used to quantitatively assess 

heterogeneity. A graphical exploration with funnel plots was used to evaluate 

publication bias.
131,137

 In addition, a sensitivity analysis was undertaken using the 

following subgroups: studies of higher quality,
94,123,126,138-144

 recent studies published 

after 2007,
126,138,143-150 

and studies reporting more than fifty hepatic resections in the 

simultaneous group.
76,94,125,138,140-142,145,148-149,151

 Analysis was conducted by using 

Review Manager Version 5.1 (The Cochrane Collaboration, Software Update, 

Oxford, U.K.).
152
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2.6 RESULTS 

2.6.1 ELIGIBLE STUDIES 

Using the search key words listed above the literature search identified fifty-seven 

articles. Of these seven studies were non-comparative, eleven studies included the 

assessment of metachronous colorectal liver metastases, fourteen studies were either 

reviews, editorials, letters or abstracts and one study was from the same institution. In 

total thirty-three studies were excluded (Figure III). Twenty-four studies, published 

between 1991 and 2010, matched the inclusion criteria and were thus included in the 

meta-analysis (Figure III). Analysis was performed on 3,159 patients, of which 1,381 

(43.7%) had simultaneous resections (S group) and 1,778 (56.3%) had sequential 

resections (SQ group). Study characteristics and patient demographic data are shown 

in Table I. All the included studies were retrospective comparative studies (Table I). 

The proportion of patients receiving neo-adjuvant therapy was significantly reduced 

in the simultaneous resection group (Table I). An assessment of the disease severity 

and the type of hepatic resection performed between the groups demonstrated that 

there were significantly more patients with bilobar disease and a greater pre-operative 

liver metastatic size in the sequential group (Table II).  In addition, significantly more 

patients underwent a major liver resection in the sequential group (Table II). 
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FIGURE III: MODIFIED PRISMA FLOW DIAGRAM DEMONSTRATING THE RESULTS 

OF THE SYSTEMATIC LITERATURE SEARCH. 
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TABLE I: DEMOGRAPHIC AND STUDY CHARACTERISTICS OF INCLUDED STUDIES IN META-ANALYSIS FOR SIMULTANEOUS VERSUS 

SEQUENTIAL RESECTIONS IN SCLM.  

Author Year Study 

Design 

 

No of 

Patients 

 

Age* 

 

Male 

 

 

Colonic 

primaries 

Neo-

Adjuvant 

Therapy 

Adjuvant 

Therapy 

 

Study Quality 

(max: 9) 

   S SQ S SQ S SQ S SQ S SQ S SQ  

Brouquet, et 

al
126

 

2010 RCS 43 72 58(m) 56(m) 53% 61% 58% 

 

51% 11% 44% 100% 100% 8 

de Hass, et 

al
138

 

2010 RCS 55 

 

 

173 

 

 

56 58 51% 62% 78% 82% 24% 95% 85% 72% 8 

Slupski, et 

al
147

 

2009 RCS 28 61 59.4 60.2 64% 56% 64% 77% ---- ---- 100% 100% 7 

Chua, et al
142

 2004 RCS 64 32 63 61 61% 56% 46% 54% ---- ---- ---- ---- 9 

Jaeck, et al
153

 1999 RCS 28 31 56 60 ---- ---- 78% 61% ---- ---- ---- ---- 7 

Kaibori, et 

al
143

 

2010 RCS 32 42 65 62.3 53% 64% 84% 67% 0% 40% 16% 31% 9 

Luo, et al
149

 2010 RCS 129 276 58 60 59% 57% 47% 50% 40% 61% ---- ---- 7 
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Author Year Study 

Design 

 

No of 

Patients 

 

Age* 

 

Male 

 

 

Colonic 

primaries 

Neo-

Adjuvant 

Therapy 

Adjuvant 

Therapy 

 

Study Quality 

(max: 9) 

Martin, et 

al
148

 

2009 RCS 70 160 58(m) 61(m) 54% 57% 70% 77% 

 

52% 70% ---- ---- 7 

Moug, et al
144

 2010 RCS 32 32 69 67 56% 66% 53% 53% 41% 53% ---- ---- 9 

Reddy, et 

al
125

 

2007 RCS 135 475 57 58 62% 58% 60% 77% 61% 79% ---- ---- 6 

Tanaka, et 

al
154

 

2004 RCS 39 37 ---- ---- 51% 68% 65% 53% ---- ---- 100% 100% 7 

Thelen, et 

al
139

 

2007 RCS 40 179 60.5 59.7 60% 54% 85% 60% 8% 27% 45% 55% 8 

Vogt, et al
155

 1991 RCS 19 17 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 6 

Yan, et al
140

 2007 RCS 73 30 60 59 45% 50% 79% 60% ---- ---- ---- ---- 8 

Petri, et al
146

 2008 RCS 14 29 60 64.2 57% 59% ---- ---- ---- ---- ---- ---- 6 

Capussotti, et 

al
141

 

2007 RCS 70 57 64.9 60.8 57% 61% 61% 65% 0% 68% 63% 67% 8 

Turrini, et al
94

 2007 RCS 57 62 60 59 ---- ---- 58% 68% ---- ---- ---- ---- 8 
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Author Year Study 

Design 

 

No of 

Patients 

 

Age* 

 

Male 

 

 

Colonic 

primaries 

Neo-

Adjuvant 

Therapy 

Adjuvant 

Therapy 

 

Study 

Quality(max: 

9) 

Vassiliou, et 

al
123

 

2007 RCS 25 78 63 61 60% 60% 88% 89% ---- ---- ---- ---- 8 

Weber, et 

al
156

 

2003 RCS 35 62 58 60 51% 50% 71% 61% ---- ---- ---- ----  

Scheele, et 

al
151

 

1991 RCS 90 42 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 6 

Taniai, et 

al
157

 

2006 RCS 37 8 ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 6 

Minagawa, et 

al
76

 

2006 RCS 142 18 ---- ---- ---- ---- 49% 78% ---- ---- ---- ---- 5 

Yoshidome, 

et al
145

 

2008 RCS 116 21 ---- ---- 72% 57% 58% 52% ---- ---- ---- ---- 7 

Van der Pool, 

et al
150

 

2010 RCS 8 29 ---- ---- ---- ---- 0
a
 0

a
 25% 45% ---- ---- 6 

Comparison of characteristics  

P-value  

  0.58 0.87 0.65 <0.001 0.73  

S, simultaneous resection group; SQ, sequential resection group; * m, median values all other values given as means; a, all cases were rectal primaries. 
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TABLE II: DISEASE SEVERITY AND LIVER RESECTION OF INCLUDED STUDIES IN META-ANALYSIS FOR SIMULTANEOUS VERSUS 

SEQUENTIAL RESECTIONS IN SCLM. 

Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Brouquet, et 

al
126

 

2010 Decided in MDT setting 

according to extent of 

metastatic disease, 

extent of primary 

tumour and need for 

pre-operative 

radiotherapy, presence 

of extra-hepatic disease 

and response to 

chemotherapy. 

4(m) 9(m) 2(m) 3(m) 2(m) 3(m) 30 60 35 67 

de Hass, et 

al
138

 

2010 Liver disease requiring 

< 3 segment resection. 

4(m) 8(m) 3.9 3.8 2 3 31 43 ---- ---- 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Slupski, et 

al
147

 

2009 Extra-hepatic metastases 

excluded from both 

simultaneous and 

sequential resections. 

74.2 87.3 3.5 4.1 2.9 3.8 ---- ---- 29 48 

Chua, et al
142

 2004 Sequential resections 

undertaken in surgeon 

preference, extensive 

metastatic disease. 

---- ---- 3.7 3.9 ---- ---- 25 41 16 40 

Jaeck, et al
153

 1999 According to primary 

tumour site, extent of 

liver disease, patient 

fitness. Not performed 

in emergency surgery 

related to the primary 

tumour. 

---- ---- ---- ---- ---- ---- 36 58 32 52 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Kaibori, et 

al
143

 

2010 ---- 21 44 ---- ---- ---- ---- 22 48 ---- ---- 

Luo, et al
149

 2010 Decided by the size and 

distribution of 

metastases, surgeon 

opinion and patient 

wishes. 

---- ---- ---- ---- ---- ---- ---- ---- 32 38 

Martin, et 

al
148

 

2009 According to the 

complexity of 

hepatectomy/primary 

resection, co-morbidities 

and surgeon choice. 

34.5(m) 14.7(m) 3.7(m) 4(m) 3(m) 3(m) ---- ---- 47 40 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Moug, et 

al
144

 

2010 Fitness for anaesthesia, 

expected margin 

negative resection (R0) 

of the primary disease, 

no unresectable 

extrahepatic disease, 

adequate predicted 

volume of hepatic 

remnant post resection. 

---- ---- ---- ---- ---- ---- ---- ---- 22 22 

Reddy, et 

al
125

 

2007 Limited hepatic disease. ---- ---- 2.5 3.5 1 2 ---- ---- 26 61 

Tanaka, et 

al
154

 

2004 Limited hepatic disease. ---- ---- 2.4 5.0 2.2 5.3 36 65 13 59 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Thelen, et 

al
139

 

2007 Colon primaries, rectal 

primaries only if minor 

hepatectomy required, 

fitness for anaesthesia, 

not considered if 

obstructed or perforated 

primary tumour. 

---- ---- ---- ---- ---- ---- 38 49 38 79 

Vogt, et al
155

 1991 Limited hepatic disease 

only. 

---- ---- ---- ---- 1.79 1.24 ---- ---- 32 53 

Yan, et al
140

 2007 Contraindicated in 

extensive liver disease, 

presence of extra-

hepatic metastases or 

inability to perform R0 

resection for both 

sequential and 

simultaneous.  

---- ---- 3.8 5.9 4 3 68 33 74 73 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

Bilobar % 

 

Major Liver 

resection% 

   S SQ S SQ S SQ S SQ S SQ 

Petri, et al
146

 2008 ---- ---- ---- 2.6 4.6 ---- ---- ---- ---- 0 21 

Capussotti, et 

al
141

 

2007 ASA>3 excluded as 

well as perforated or 

obstructed primary 

tumours. 

---- ---- ---- ---- ---- ---- 21 28 34 56 

Turrini, et 

al
94

 

2007 Not performed where 2 

stage hepatectomy 

required or 

obstructed/perforated 

primary tumour. 

---- ---- ---- ---- ---- ---- 25 60 ---- ---- 

Vassiliou, et 

al
123

 

2007 Not performed if 

trisegmentectomy or 

biliary re-construction 

required. 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Weber, et 

al
156

 

2003 Fewer than 4 unilobar 

metastases, 

contraindicated in 

perforated or obstructed 

primaries. 

---- ---- ---- ---- 1.9 3.7 23 68 

 

31 52 

Scheele, et 

al
151

 

1991 ---- 

 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Taniai, et 

al
157

 

2006 ---- 

 

---- ---- ---- ---- ---- ---- ---- ---- ---- ---- 

Minagawa, et 

al
76

 

2006 Any patient with 

synchronous colorectal 

liver metastases. 

 

---- ---- ---- ---- ---- ---- ---- ---- 11 38 
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Author Year Selection criteria for 

simultaneous 

resections 

Pre-op CEA 

 

 

 

Pre-op 

metastatic size 

(cm) 

 

 

Pre-op number 

of liver 

metastases 

 

Bilobar % 

 

Major Liver 

resection% 

 

   S SQ S SQ S SQ S SQ S SQ 

Yoshidome, 

et al
145

 

2008 ---- ---- ---- ---- ---- ---- ---- ---- 71 ---- ---- 

Van der Pool, 

et al
150

 

2010 ---- ---- ---- ---- ---- 1(m) 2(m) ---- ---- ---- ---- 

Comparison of 

characteristics 

P-value 

 0.4 <0.001 0.3 0.01 <0.001 

S, simultaneous resection group; SQ, sequential resection group; (m), median values all other values given as means. 
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2.6.2 OVERALL RESULTS OF META-ANALYSIS 

Results from the meta-analysis of the studies with regards to: operative and 

postoperative outcomes, early post-operative adverse events and overall and disease 

free survival for simultaneous resections versus sequential resections for synchronous 

colorectal liver metastases are summarized in Table III.  
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TABLE III: OVERALL META-ANALYSIS PERFORMED FOR SIMULTANEOUS VERSUS SEQUENTIAL RESECTIONS IN SCLM. 

Outcome of interest No. of 

studies 

No. of 

patients 

HR
a
/OR

b
/WMD

c
 95% CI P value HG 

I
2
 

HG 

P value 

Intra-operative 

Parameters 

       

Intra-operative blood 

loss (mls) 

7 1053 -128.37
c
 -279.83, 22.53 0.10 85.0% < 0.001 

Blood Transfusion 

Requirement 

6 907 1.32
b
 0.93, 1.87 0.12 8.0% 0.36 

Hepatic Occlusion Time 

(min) 

4 464 -2.56
c
 -11.15, 6.03 0.56 93.0% < 0.001 

Duration of Surgery 

(min) 

8 1278 -23.83c -85.04, 7.38 0.45 98.0% <0.001 

Post-operative 

Parameters 

       

Duration of Hospital 

Stay (days) 

10 1378 -5.65
c
 -8.94, -2.37 0.007 95.0% <0 .001 

Post-operative Adverse 

Events 

       

Overall Complications 18 2817 0.85
b
 0.65, 1.13 0.27 47.0% 0.02 
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Outcome of interest No. of 

studies 

No. of 

patients 

HR
a
/OR

b
/WMD

c
 95% CI P value HG 

I
2
 

HG 

P value 

Liver Resection Related 

Complications 

10 1521 1.07
b
 0.69, 1.65 0.76 9.0% 0.36 

Bile Leak 7 1013 0.81
b
 0.43, 1.54 0.52 0.0% 0.55 

General Complications 10 1521 1.12
b
 0.66, 1.90 0.69 56.0% 0.02 

Wound Infection 6 1124 1.39
b
 0.81, 2.38 0.23 0.0% 0.79 

Anastomotic Leak 4 955 1.14
b
 0.44, 2.94 0.79 0.0% 0.42 

Respiratory 

Complications 

9 1485 0.79
b
 0.46, 1.34 0.38 25% 0.23 

Cardiovascular 

Complications 

4 802 1.23
b
 0.68, 2.25 0.49 0.0% 0.42 

Post-operative Mortality 16 2551 1.76
b
 0.81, 3.84 0.15 15.0% 0.31 

Long-term Outcomes        

Overall Survival 16 1804 1.00
a
 0.86, 1.15 0.96 94.0% < 0.001 

Disease Free Survival 6 618 0.85
a
 0.71, 1.02 0.08 91.0% < 0.001 

HR, hazard ratio; OR, odds ratio; WMD, weighted mean difference; CI, confidence interval; HG, heterogeneity. 
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2.6.3 META-ANALYSIS OF INTRA-OPERATIVE PARAMETERS 

Seven studies reported intra-operative blood loss, the volume loss was lower in the 

simultaneous group versus the sequential group by 128.37 mL (95% CI,-279.28, 

22.53; P = 0.1) but this was not significant (Figure IV).
126,143-144,147-149,154 

Six studies 

reported on the blood transfusion requirement, no significant differences were found 

between the two groups (OR 1.32, 95% CI, 0.93, 1.87; P = 0.12) (Figure V).
138-

139,143,148,153,156 
Four studies reported on the hepatic occlusion time, no significant 

difference in time was found between the two groups (WMD -2.56 min, 95% CI, -

11.15, 6.03; P = 0.56).
139,147,153,156 

Nine studies reported on the duration of 

surgery,
123,139-140,147-149,153-154,156 

one study
140

 was excluded due to only reporting on 

the hepatectomy time in the sequential group. Of the eight studies analysed, no 

significant difference in the duration of surgery (Figure VI) was found between the 

two groups (WMD -23.83, 95% CI, -85.04, 37.38; P = 0.45). 
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FIGURE IV: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS 

SEQUENTIAL RESECTION FOR SYNCHRONOUS COLORECTAL LIVER 

METASTASES FOR INTRA-OPERATIVE BLOOD LOSS.  
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FIGURE V: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS SEQUENTIAL 

RESECTION FOR SYNCHRONOUS COLORECTAL LIVER METASTASES FOR BLOOD 

TRANSFUSION REQUIREMENT. 
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FIGURE VI: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS 

SEQUENTIAL RESECTION FOR SYNCHRONOUS COLORECTAL LIVER 

METASTASES FOR DURATION OF SURGERY. 
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2.6.4 META-ANALYSIS OF POST-OPERATIVE PARAMETERS 

Ten studies reported on the duration of hospital stay, which was found to be 

significantly reduced in the simultaneous resection group by 5.65 days (95% CI, -

8.94, -2.37, P = 0.007), there was significant heterogeneity between the studies for 

this outcome (P˂ 0.001) (Figure VII).
139-140,142,144,147-150,153-154 
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FIGURE VII: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS 

SEQUENTIAL RESECTION FOR SYNCHRONOUS COLORECTAL LIVER 

METASTASES FOR DURATION OF HOSPITAL STAY.  
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2.6.5 META-ANALYSIS OF EARLY POST-OPERATIVE ADVERSE EVENTS 

No significant differences in the rate of any of the post-operative adverse events were 

found between the simultaneous and sequential resection groups. These included 

overall complications (S group, 36%; SQ group, 37%; P = 0.27), liver resection 

related complications (S group, 11%; SQ group, 11%; P = 0.76), and general 

complications (S group, 17%; SQ group, 13%; P = 0.69) (Figure VIII). Specific 

complications analysed included:  anastomotic leak rate (S group, 2%; SQ group, 2%; 

P = 0.79), wound infections (S group, 9%; SQ group, 5%; P = 0.23), bile leak (S 

group, 4%; SQ group, 6%; P = 0.52), respiratory complications (S group, 9%; SQ 

group, 11%; P = 0.38) and cardiovascular complications (S group, 7%; SQ group, 

7%; P = 0.49). 

 

 

 

 

 

 

 

 

 

 

 



 84 

 

 

 

 

FIGURE VIII: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS 

SEQUENTIAL RESECTION FOR SYNCHRONOUS COLORECTAL LIVER 

METASTASES FOR OVERALL COMPLICATIONS.  

 

 

 

 

 



 85 

2.6.6 META-ANALYSIS OF OVERALL AND DISEASE FREE SURVIVAL 

Sixteen studies reported on the overall survival, no significant difference was found 

between the two groups (HR 1.00, 95% CI 0.86–1.15, P = 0.96), there was significant 

heterogeneity amongst the studies (P < 0.001) (Figure IX).
76,94,123,126,138-142,147,151,153-157 

Disease free survival was reported in six studies, no significant difference was found 

between the two groups (HR 0.85, 95% CI 0.71–1.02, P = 0.08), there was significant 

heterogeneity amongst the studies (P < 0.001) (Figure IX).
140,142-143,145,151,154
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FIGURE IX: FOREST PLOTS OF SIMULTANEOUS RESECTION VERSUS SEQUENTIAL 

RESECTION FOR SYNCHRONOUS COLORECTAL LIVER METASTASES: (A) OVERALL 

SURVIVAL AND (B) DISEASE FREE SURVIVAL.  
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2.6.7 SENSITIVITY ANALYSIS 

The results of the sensitivity analysis are summarized in Table IV. The sensitivity 

analysis included ten studies
94,123,126,138-144

 that scored more than seven stars on the 

modified Newcastle-Ottawa Scale, ten studies
126,138,143-150

 that were published after 

the year 2007, and twelve studies
76,94,125,138,140-142,145,148-149,151

 with a total sample size 

of greater than fifty in the simultaneous resection group. 
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TABLE IV: SENSITIVITY ANALYSIS PERFORMED FOR SIMULTANEOUS VERSUS SEQUENTIAL RESECTIONS IN SCLM. 

Outcome of interest No. of 

studies 

No. of 

patients 

HR
a
/OR

b
/ 

WMD
c
 

95% CI P value HG 

I
2
 

HG 

P value 

High Quality Studies (Score > 7)        

Intra-operative blood loss (mls) 7 1053 -128.37
c
 -279.28, 22.53 0.1 85.0% < 0.001 

Duration of Surgery (min) 2 322 -14.53
c
 -143.77, 114.70 0.83 98.0% < 0.001 

Duration of Hospital Stay (days) 4 482 -7.26
c
 -11.45, -3.07 0.007 78.0% < 0.001 

Overall Complications 10 1248 0.72
b
 0.50, 1.06 0.09 39.0% 0.1 

Liver Resection Related 

Complications 

6 791 0.82
b
 0.37, 1.79 0.61 26.0% 0.24 

General Complications 6 791 1.01
b
 0.50, 2.03 0.99 55.0% 0.05 

Overall Survival 8 1110 0.98
a
 0.86, 1.11 0.75 89.0% < 0.001 

Disease Free Survival 3 273 0.81
a
 0.57, 1.14 0.22 95.0% < 0.001 

Studies Published After 2007        

Intra-operative blood loss (mls) 6 977 -118.14
c
 -277.44, 41.15 0.15 88.0% < 0.001 

Duration of Surgery (min) 3 724 -75.82
c
 -211.83, 60.18 0.27 99.0% < 0.001 

Duration of Hospital Stay (days) 5 825 -8.84
c
 -14.18, -3.49 0.001 97.0% < 0.001 
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Outcome of interest No. of 

studies 

No. of 

patients 

HR
a
/OR

b
/ 

WMD
c
 

95% CI P value HG 

I
2
 

HG 

P value 

Overall Complications 7 1205 1.03
b
 0.57, 1.84 0.93 71.0% 0.002 

Liver Resection Related 

Complications 

5 1001 1.11
b
 0.6, 2.04 0.74 19.0% 0.30 

General Complications 5 1001 1.15
b
 0.56, 2.37 0.70 68.0% 0.02 

Overall Survival 3 432 1.05
a
 0.95, 1.15 0.33 0.0% 0.49 

Disease Free Survival 2 211 0.95
a
 0.18, 4.96 0.96 74.0% 0.05 

Studies With Size of Simultaneous 

Group > 50 patients 

       

Intra-operative blood loss (mls) 2 635 -233.99
c
 -287.46, -180.52 < 0.001 28.0% 0.24 

Duration of Surgery (min) 2 635 -139.48
c
 -180.63, -98.33 < 0.001 81.0% 0.24 

Duration of Hospital Stay (days) 4 834 -7.39
c
 -9.15, -5.63 < 0.001 70.0% 0.02 

Overall Complications 8 1918 0.88
b
 0.62, 1.25 0.46 55.0% 0.03 

Liver Resection Related 

Complications 

4 966 1.05
b
 0.61, 1.84 0.85 18.0% 0.30 

General Complications 4 966 1.00
b
 0.51, 1.98 0.99 68.0% 0.02 
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Outcome of interest No. of 

studies 

No. of 

patients 

HR
a
/OR

b
/ 

WMD
c
 

95% CI P value HG 

I
2
 

HG 

P value 

Overall Survival 7 965 0.98
a
 0.81, 1.20 0.87 95.0% < 0.001 

Disease Free Survival 4 468 0.93
a
 0.76, 1.16 0.53 92.0% < 0.001 

HR, hazard ratio; OR, odds ratio; WMD, weighted mean difference; CI, confidence interval; HG, heterogeneity. 
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2.6.8 HIGH QUALITY STUDIES (>7 STARS) 

Analysis of the high-quality studies did not show any significant differences between 

the two groups in terms of either the blood loss or the duration of surgery. The 

duration of the hospital stay was significantly reduced in the simultaneous group by 

7.26 days (95% CI, -11.45, -3.07, P = 0.007), there was significant heterogeneity 

between the studies for this outcome (P = 0.004). No significant differences were 

found between the two groups for the rate of: overall complications, liver resection 

related complications or general complications. In addition, no significant difference 

in overall or disease free survival was found between the two groups. 

2.6.9 STUDIES PUBLISHED AFTER 2007 

Analysis of more recent studies did not show any significant differences in blood loss 

or the duration of surgery between the two groups. Duration of hospital stay was 

significantly reduced in the simultaneous group by 8.84 days (95% CI, -14.18, -3.49, 

P = 0.001), there was significant heterogeneity between the studies for this outcome 

(P ˂ 0.001). No significant differences were found between the two groups for the 

rate of: overall complications, liver resection related complications or general 

complications. In addition, no significant differences in overall or disease free 

survival was found between the two groups. 

2.6.10 STUDIES WITH MORE THAN FIFTY PATIENTS IN THE 

SIMULTANEOUS RESECTION GROUP 

Intra-operative blood loss was found to be significantly reduced in the simultaneous 

group by 233.99mls (95% CI, -287.46, -180.52, P < 0.001), there was no significant 

heterogeneity between the studies for this outcome (P = 0.24). In addition, the 

duration of surgery was significantly reduced in the simultaneous group by 139.48 

min (95% CI, -180.63, -98.33; P < 0.001), there was significant heterogeneity 
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between the studies for this outcome (P = 0.02) The duration of hospital stay was 

significantly reduced in the simultaneous group by 7.39 days (95% CI, -9.15, -5.63, P 

< 0.001), there was significant heterogeneity between the studies for this outcome (P 

˂ 0.02). No significant differences were found between the two groups for the rate of: 

overall complications, liver resection related complications or general complications. 

No significant differences in overall or disease free survival were found between the 

groups. 

2.6.11 PUBLICATION BIAS 

A funnel plot of all the studies used in this meta-analysis reporting on the overall 

complication rate is shown in Figure X. This is a scatterplot of the odds ratio 

estimated from individual studies plotted on the horizontal axis (HOR), against the 

standard error of the estimate shown on the vertical axis (SE{logOR}). All the studies 

analysed except for three
143-144,149

 lie within the 95% confidence interval (Figure 

XIA). There is a biased distribution around the vertical towards the left, indicating a 

possible effect of publication bias. There was significant HG amongst the eighteen 

studies
94,123,125-126,138-144,146147-149,153,155-156

, (P = 0.02). When only high quality studies 

were included, all studies except one
143

 were found to lie within the 95% confidence 

interval and are distributed more evenly around the vertical, showing no evidence of 

publication bias (Figure XB) despite this there was still evidence of significant 

heterogeneity (P = 0.1). 
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FIGURE X: FUNNEL PLOT ILLUSTRATING: (A) OVERALL META-ANALYSIS OF 

OVERALL COMPLICATIONS IN SIMULTANEOUS VERSUS SEQUENTIAL 

RESECTIONS IN PATIENTS WITH SYNCHRONOUS COLORECTAL LIVER 

METASTASES; (B) EFFECT OF SUBGROUP ANALYSIS OF HIGH-QUALITY 

STUDIES. STUDIES ARE MARKED BY A SQUARE. 
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2.7 DISCUSSION 

Whether simultaneous resections for patients with synchronous colorectal liver 

metastases have a beneficial or an adverse oncological outcome compared to 

sequential resections remains debated with no clear consensus in the literature. It is 

argued by the proponents of the traditional sequential approach that the assessment of 

the metastatic response to chemotherapy during the interval between the primary 

tumour and the hepatic resection allows the exclusion of patients with a progressive 

disease from further ‘futile’ surgery.
67,71,86,98,141,158-159

 In addition, it is also argued that 

simultaneous resections may result in an oncological disadvantage as they run the risk 

of leaving behind undetected occult micro-metastases in the remnant liver.
145 

Advocates of simultaneous resections, on the other hand, postulate that a better 

oncological result is achieved arguing that the ‘perceived’ post-operative 

immunodeficiency following the primary tumour resection in sequential resections 

results in the progression of the synchronous liver metastases.
138

 Moreover, 

simultaneous resections it is argued result in better oncological outcomes due to 

avoiding the delay in adjuvant therapy that is seen with sequential resections.
94

  

This study suggests that comparable overall survival and disease free survival rates 

can be achieved with simultaneous resections in selected patients with synchronous 

colorectal liver metastases when compared to patients undergoing sequential 

resections. These findings were found to be consistent throughout the sensitivity 

analyses. It is common practice to perform simultaneous resections on a case to case 

basis and to favour sequential resections in: elderly patients, patients with extensive 

metastatic burden, locally advanced rectal disease or hepatic damage following neo-

adjuvant therapy and thus the similar survival rates demonstrated in this meta-analysis 

between the two groups are open to interpretation.
70,86,98,125-126,138,141

 The selection 



 95 

criteria for simultaneous resections was defined in eighteen of the included studies of 

which the majority only undertook simultaneous resections in patients with limited 

hepatic disease (Table II). This was demonstrated by the significantly higher rates of 

bilobar metastatic disease distribution and increased pre-operative liver metastatic 

size found in the sequential group (Table II). In addition, a significantly higher 

proportion of patients in the sequential group underwent major liver resections (Table 

II). This may account for the significant heterogeneity found during the survival 

analysis that persisted during the sensitivity analysis. The discrepancy in disease 

severity between the two groups would support the argument that sequential 

resections may actually result in better long-term oncological outcomes than 

simultaneous resections in patients with synchronous colorectal liver metastases.  

The benefits associated with simultaneous resections in comparison to sequential 

resections for synchronous colorectal liver metastases are perceived to relate to the 

fact that only one operation as opposed to two is required hypothetically resulting in 

reduced: intra-operative duration and blood loss, post-operative morbidity and 

duration of hospital stay.
67,98,123,126,156

  This study confirmed that the duration of 

hospital stay is reduced in simultaneous resections. This finding was consistent 

throughout all the sensitivity analyses and has potentially important financial 

implications. This could, however, be as a result of the increased metastatic burden in 

the sequential resection group and it is thus possible that no difference in the length of 

hospital stay would be found between the two groups if similar levels of metastatic 

disease were compared. This meta-analysis, surprisingly despite the differences in 

disease severity, did not demonstrate any significant differences in the overall or 

specific complication rates between the two surgical modalities. Post-operative 

morbidity was generally well described in the included studies and the findings were 
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consistent throughout the sensitivity analysis indicating that simultaneous resections 

are as safe as sequential resections in selected cases (Table IV). No difference in the 

duration of the surgery was found which proved intriguing: as one would expect the 

duration of surgery to be longer in ‘sequential’ resections due to the combination of 

two general anaesthetics as well as the required adhesiolysis that commonly occurs at 

the time of the liver resection. The sensitivity analysis demonstrated that this finding 

was not consistent, however, with a significantly reduced duration of surgery for 

simultaneous resections in the subgroup with greater than fifty patients in the 

simultaneous group.
33,34

 The results of the sensitivity analysis would suggest that a 

shorter duration of surgery in simultaneous resections can be attained with a greater 

case load and hence surgeon experience. However, this maybe as a result of the more 

limited liver resections being performed in the simultaneous group (Table IV). One of 

the main concerns when performing a liver resection is to minimise blood loss and 

transfusions, this can be achieved by careful hypotensive anaesthesia and pedicle 

clamping bearing in mind the risk of ischaemic liver injury.
160-163

 The hepatic 

occlusion time, transfusion requirement and blood loss were not found to be 

significantly different between the two groups suggesting no difference in intra-

operative blood loss. Interestingly, the blood loss was significantly reduced in the 

sensitivity analysis for simultaneous resections in the subgroup with greater than fifty 

patients suggesting a possible link with case load and hence surgeon experience. This 

finding would also be consistent with the greater proportion of limited resections 

performed in the simultaneous resection group. Very few of the papers specified 

whether the transfusions were intra-operative or post-operative introducing some bias 

in the analysis. Furthermore, the hepatic occlusion time could not be compared in the 

sensitivity analysis due to only one study meeting the eligibility criteria for the 
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sensitivity analysis for studies published after 2007 and for high quality studies 

respectively.
139,147

 One of the studies demonstrated significantly reduced hepatic 

occlusion time in the simultaneous group (P < 0.001).
139

 
 
In this study, a greater 

proportion of major liver resections were performed in the sequential group and 

would account for the reduced occlusion time (Table IV).  

At the time of writing this thesis, this study is the most extensive meta-analysis 

comparing simultaneous versus sequential resections in patients with synchronous 

colorectal liver metastases reported in the literature. The previous meta-analyses that 

have been performed, analysed eight
128

 and fourteen studies respectively and missed a 

number of studies included in the present manuscript.
127

 Critiques of meta-analyses 

have suggested that they "reinforce the inherent systematic biases of the studies, 

produce spurious statistical stability and discourage further research".
164-165

 The 

counter-argument is that the pooling of results from numerous studies with a 

statistical quantification provides an "excellent tool for identifying reasons for 

variability and inconsistency" and that the finding of heterogeneity "sets the stage for 

further research" on a given topic.
166

 This seems particularly the case when 

investigating simultaneous resections for synchronous colorectal liver metastases 

were there is an absence of randomized controlled trials. It is patent that the main 

limitations of this study were the differences in patient selection as well as the 

differences in the use of neo-adjuvant therapy between the two groups (Tables I&II). 

Furthermore, many of the studies assessed colonic as well as rectal tumours together 

between the two groups (Table I). Although there was no difference in the proportion 

of colonic primaries between the two groups this does introduce another source of 

potential bias. There are differences in treatment between stage four colonic and rectal 

cancers with a greater proportion of patients with advanced rectal cancers receiving 
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neo-adjuvant chemoradiotherapy. In addition, the debate regarding the best surgical 

approach regarding rectal cancer patients with synchronous colorectal liver metastases 

has changed with some centres advocating a ‘reverse’ strategy whereby the hepatic 

resection is performed first.  It is thought that the reverse strategy in advanced rectal 

cancers may have a survival benefit over the classic ‘sequential’ resection as it 

removes the main indicator of poor prognosis first.
167

 There have, as yet, only been a 

few retrospective studies investigating this approach.
126,150,168-169

  The discrepancies in 

the disease severity between the two groups restricts the formulation of any 

comparative conclusions regarding the short-term and long-term outcomes for 

simultaneous resections. The study can only confirm that in the presence of limited 

hepatic disease, simultaneous resections result in similar oncological outcomes as 

sequential resections for patients with more extensive metastatic disease. This meta-

analysis demonstrates that most centres elect to perform simultaneous resections only 

in patients with limited hepatic disease introducing a significant source of bias in 

comparative studies with the patients in the sequential resection group inevitably 

having more extensive liver disease. This demonstrates the need for future studies 

comparing simultaneous versus sequential resections to avoid selection bias by 

comparing similar metastatic burdens between the two groups.  
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2.8 CONCLUSION 

This study highlights that most centres perform simultaneous resections for 

synchronous colorectal liver metastases in patients with limited hepatic disease. This 

introduces bias in the comparative studies comparing simultaneous versus sequential 

resections for synchronous colorectal liver metastases with patients in the ‘sequential’ 

group having a greater metastatic burden. The similar intra-operative parameters, 

post-operative complications and survival found between the two groups would thus 

suggest that ‘sequential’ resections in patients with comparable metastatic disease 

may actually result in better outcomes. The meta-analysis confirms that the length of 

hospital stay is significantly reduced in patients receiving simultaneous resections. 

This finding, however, may be as a result of the differences in disease severity 

between the two groups of patients. In view of the limitations in the published 

literature, simultaneous resections for synchronous colorectal liver metastases can 

only be recommended in patients with limited hepatic disease until studies comparing 

similar metastatic burdens between the two surgical modalities have been undertaken.  
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3 OUTCOMES OF SIMULTANEOUS RESECTIONS FOR 

PATIENTS WITH SYNCHRONOUS COLORECTAL 

LIVER METASTASES. 

 

3.1 INTRODUCTION 

In the previous Chapter it was demonstrated that the evidence supporting either 

simultaneous or sequential resections is poor and is based solely upon retrospective 

studies. In particular, the meta-analysis demonstrated that the majority of centres 

selectively perform simultaneous resections in patients with limited hepatic disease 

introducing bias in the interpretation of comparative studies with sequential 

resections. In addition, it is apparent from the review of the literature that very few 

studies have investigated either the short-term or long-term outcomes associated with 

simultaneous resections.  
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3.2 HYPOTHESIS  

There is no difference in either the short-term or the long-term outcomes between 

patients undergoing simultaneous or sequential resections for synchronous colorectal 

liver metastases when comparable liver disease is compared. 

3.3 AIM 

To determine the short-term and long-term outcomes associated with simultaneous 

resections for synchronous colorectal liver metastases when compared to patients 

undergoing sequential resections with comparable metastatic disease.  
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3.4 MATERIALS AND METHODS 

 

3.4.1 PATIENTS 

The study proposal was reviewed by the Royal Marsden Hospital Clinical Audit 

Committee and it was deemed that a formal ethical approval was not required. 

Patients were identified from a prospectively maintained surgeon’s hepatic resection 

database. Consecutive patients undergoing potentially curative hepatic resections for 

synchronous colorectal liver metastases between December 2000 and February 2012 

were included. Patients with metachronous colorectal liver metastases were excluded 

as well as patients undergoing reverse resections or where resections were performed 

for recurrences. The hepatic resections were performed by a single consultant 

hepatobiliary surgeon with the support of a specialist colorectal team on a case-to-

case basis. 

 

3.4.2 PRE-OPERATIVE EVALUATION 

All patients following colorectal cancer diagnosis had a staging CT 

chest/abdomen/pelvis. The majority of patients had further characterisation of their 

hepatic metastases with a MRI of the liver as well as CT positron emission 

tomography to exclude extra-hepatic metastases. All patients were discussed at a 

colorectal cancer and an upper gastrointestinal multidisciplinary meeting that included 

specialist oncologists and a specialist radiologist. Neo-adjuvant chemotherapy was 

given for patients with more than three liver metastases, bilobar disease, extra-hepatic 

disease, irresectable disease or where a negative resection margin was deemed to be at 

risk. Agents used were commonly oxaliplatin or irinotecan based with or without a 

monoclonal agent according to the specialist oncological advice. The response to 
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chemotherapy was assessed using the Response Evaluation Criteria In Solid Tumors 

(RECIST) criteria usually after four to six cycles of chemotherapy and a decision was 

made for further treatment or surgery following discussion at a subsequent 

multidisciplinary meeting.
170

 The majority of patients received monoclonal agents 

most commonly Bevacizumab and in such patients a minimum interval of six weeks 

was allowed before undertaking a hepatic resection. In patients receiving standard 

chemotherapy agents without a monoclonal agent an interval of four weeks was 

allowed before undertaking a hepatic resection. Portal venous embolization (PVE) 

was undertaken if it was estimated that a hepatic volume of less than thirty-five per 

cent would be left. In patients where there is a concern about hepatic steatosis or 

chemotherapy induced fibrosis a pre-operative biopsy of the normal liver parenchyma 

was undertaken to determine the quality of the residual liver. The majority of the 

patients included in this study had significant medical co-morbidities and routinely 

had cardio-pulmonary exercise testing supervised by the anaesthetic unit allowing 

pre-operative optimisation of the patients prior to surgery. The decision to perform 

sequential or simultaneous resections was made according to the patient’s wishes, the 

patient’s fitness and the preferences of the hepatobiliary surgeon, the specialist 

colorectal team and the advice of the anaesthetic consultant. In cases where there was 

bowel obstruction, perforation or the risk of a significant haemorrhage from the 

primary tumour resection: a sequential resection was generally performed. The extent 

of the hepatic disease and the stage of the primary tumour were not considered as 

contra-indications to a simultaneous resection. The reader is referred to Figure XI for 

a treatment algorithm with regards to the selection of patients for simultaneous 

resections. 
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Synchronous colorectal 

liver metastases 

Radiological evaluation: 

MRI, PET CT 
Clinical examination, patient wishes 

and performance status assessed 

Lower GI and HPB MDT assessment Primary tumour resection in presence of 

obstruction, bleeding, risk of perforation 

Borderline resectable, irresectable hepatic 

disease + advanced primary tumour 

 

Borderline resectable, irresectable hepatic 

disease + early primary tumour 

Limited hepatic disease + advanced 

primary tumour 

 

Limited hepatic disease + 

early primary tumour 

Simultaneous resection 

Consider simultaneous resection 

Systemic chemotherapy/Chemoradiotherapy 

R0 resection possible 

Liver disease re-assessed 

R0 resection possible Progression 

Sequential resection if: 

 

1) Surgeon preference or concerns about 

safety; 

 

2) Patient declines. 

 

Systemic chemotherapy +/- monoclonal agent (4-6 cycles) 

Primary tumour re-assessed 

Surgical margins at risk 

Wait minimum 6 weeks prior to surgery after use 

of chemoradiotherapy or monoclonal agents 

Patients with 

advanced tumour 

Palliation Palliation 

FIGURE XI: DECISION ALGORITHM USED TO SELECT PATIENTS WITH SYNCHRONOUS COLORECTAL LIVER METASTASES FOR 

SIMULTANEOUS RESECTIONS. 
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3.4.3 SURGERY  

Surgery was only performed with a curative intent. Surgical procedures were 

classified according to either the Couinaud terminology or the Brisbane nomenclature 

according to the year of the procedure.
34,171

 Intra-operative ultra-sound was routinely 

used to confirm the location and extent of the metastases as well as to aid surgical 

planning. Intra-operative radio-frequency ablation was used in only a small number of 

patients when a complete resection was not possible or where the resection margin 

was at risk.  All simultaneous resections were approached with a combined midline 

and Kocher incision. The colorectal primary was always resected prior to the hepatic 

resection in simultaneous resections. Intra-operatively prior to undertaking a 

simultaneous resection, the intra-operative colorectal resection was always discussed 

with the specialist colorectal surgeon prior to considering undertaking a hepatic 

resection. The decision to proceed to a simultaneous resection was always a 

consensual one between the lead hepatobiliary surgeon, the colorectal surgeon and the 

anaesthetist. If concerns were raised regarding the primary tumour resection with 

regards to either the length of surgery or blood loss then the liver resection was 

routinely postponed at that sitting. During the anaesthesia a low central venous 

pressure technique was used to reduce the risk of bleeding. Furthermore, colloid 

fluids were never given instead crystalloid or blood products were given as required. 

All patients had cardiac output monitoring with an oesophageal Doppler. In general 

extra-hepatic inflow vascular control was achieved prior to commencement of hepatic 

transection by division of the appropriate portal inflow. Clamping techniques 

(Pringle) were not used due to concerns about the effects of long ischaemia times on 

the chemotherapy exposed remnant liver tissue. Parenchymal transection was 

routinely performed using a Aquamantys® System (Medtronic; Minneapolis, 
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Minnesota, USA) bipolar coagulator with saline cooling in the pre-coagulation 

technique followed by division with a cavitation ultrasonic aspirator (CUSA; Valley 

Boulder, CO, USA), very occasionally a clamp-crush technique was used. 

Haemostasis was achieved with an ultrasonic dissector, diathermy, or haemostatic 

agents as appropriate. Metal clips were never used due to concerns about the effect of 

imaging artefact on follow up magnetic resonance imaging. Post-operative recovery 

following hepatic resections was routinely in the intensive care unit. All patients 

receive a thoracic epidural for post-operative analgesia including a PCA as required.  

 

3.4.4 DATA COLLECTION 

The data was collected from a prospectively updated electronic patient record system, 

patient records and anaesthetic charts were also reviewed. Standard demographic data 

including the body-mass index was collected for each patient. The following pre-

operative clinical data was collected: primary tumour site (right colon, left colon, 

rectum), use of neo-adjuvant/adjuvant chemotherapy including the use of monoclonal 

agents, metastatic disease treatment response (stable disease/partial 

response/complete response or progressive disease), use of RFA, liver metastatic size 

(<>50mm), number of liver metastases (solitary, > 1), metastatic disease distribution 

(unilobar, bilobar), CEA (< 200ng/ml, >200ng/ml), CA19-19, haemoglobin (g/dl), 

bilirubin (μmol/ml), albumin (grams/l) and the presence of extra-hepatic metastases.  

The following intra-operative data was collected: type of primary surgery, type of 

hepatic surgery, use of RFA, blood loss (<>500mls), blood transfusion requirement 

(<> 2units), fresh frozen plasma requirement, duration of surgery including 

anaesthetic time and intra-operative adverse events. The following post-operative data 

was collected: length of intensive care stay, length of hospital stay, requirement of 
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post-operative blood transfusion, thirty day post-operative complications, post-

operative mortality, histological characteristics of both the primary tumour and liver 

metastases including resection status, dates of last follow up, hepatic recurrence and 

distant recurrence.  
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3.5 ENDPOINTS 

The primary endpoint was three year overall survival. The secondary endpoints were 

three year disease free survival, three year hepatic recurrence-free survival, intra-

operative outcomes including blood loss, duration of surgery, intra-operative adverse 

events and post-operative parameters including length of intensive care/hospital stay, 

pathological resection status, thirty day complications and post-operative mortality.  
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3.6 DEFINITIONS AND OUTCOMES 

 

 All intra-operative and post-operative outcomes were cumulatively assessed 

for the primary tumour resection and the hepatic resection in patients receiving 

sequential resections. 

 Disease severity between the two groups was assessed using Fong’s criteria: 

CEA > 200ng/ml, node positive primary, greater than one liver metastasis and 

liver metastases greater than five centimetres. Due to a lack of significant 

difference in disease severity between the two groups matching was not 

undertaken. 

 Post-operative complications were graded and according to the Dindo-Clavien 

classification and categorised as minor (Grade 1-2) and major (Grade 3-4), 

complications requiring surgical, endoscopic or radiological interventions.
172

 

 Hepatic surgery was categorized as minor (<3 segments) or major (≥3 

segments) surgery. 

 Resection margins were classified as:  

o R0: microscopically negative margin, 

o R1: microscopically positive margin with tumour within 1mm of the 

margin, 

o R2: macroscopically involved margin.  

 Survival: 

o Overall survival (OS): the time from the hepatic resection to the date 

of death of any cause. 
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o Disease free survival (DFS): the time from the hepatic resection to the 

date of liver recurrence and or distant recurrence or death due to liver 

recurrence and or distant recurrence. 

o Hepatic recurrence free survival (HRFS): the time from the hepatic 

resection to the date of liver recurrence or death due to liver 

recurrence. 
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3.7 STATISTICS 

This study was undertaken according to the STROBE (Strengthening the Reporting of 

Observational Studies in Epidemiology) statement.
173

 SPSS version 19.0 was used to 

perform all statistical analyses (SPSS Inc., Chicago, IL). Categorical variables were 

compared between groups using the Fisher’s Exact Test and the Chi
2
 test as 

appropriate. Continuous variables were explored for distribution, non-parametric data 

was presented as a median with 95% confidence intervals (CI) and differences 

between the groups were compared using the Independent Samples Mann Whitney U 

Test. Survival estimates for OS, DFS and HRFS were acquired using a Kaplan-Meier 

analysis. Patients were censored at the last date of follow up or if they died during the 

follow up without experiencing the outcomes of interest. A log rank test (Mantel-Cox) 

was performed to compare survival between the simultaneous and sequential groups. 

A p-value ≤ 0.05 was considered significant. 
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3.8 RESULTS 

A total of 169 patients had hepatic resections for colorectal liver metastases between 

December 2000 and February 2012 by one hepatobiliary surgeon. Patients were 

excluded for the following reasons: forty-six had metachronous colorectal liver 

metastases, six had reverse resections, four hepatectomies were for colorectal liver 

metastatic recurrences and in one case the primary tumour was not resected. After 

exclusions, 112 patients with synchronous colorectal liver metastases were included 

in the study of which 36 had a simultaneous resection and the remaining 76 had a 

sequential resection (Table V). The gender ratio was 23M:13F in the simultaneous 

group and 52M:24F in the sequential group (P = 0.67). The median age of colorectal 

cancer presentation in the simultaneous group was 55.5 (32-78) versus a median age 

of 62 (36-83) in the sequential group (P = 0.035). The median pre-hepatectomy BMI 

in the simultaneous group was 25.2 (18-36) versus 27.10 (17-38) in the sequential 

group (P = 0.14). There was no significant difference in pre-hepatectomy ASA grade 

between the two groups (P = 0.34) (Table V).  
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TABLE V: DEMOGRAPHIC AND PRE-OPERATIVE CHARACTERISTICS OF PATIENTS. 

 Total Simultaneous Sequential P-value 

Number of patients 112 36 (32) 76 (68) --- 

Age, median yr (95% CI) 60.0 (57.0-63.0) 55.5 (52.0-58.0) 62.0 (60.0-65.0) 0.035 

Gender M:F 75M:37F 23M:13F 52M:24F 0.671 

Body mass index 26.1 (25.3-28.2) 25.2 (24.0-28.7) 27.1 (25.5-30.0) 0.142 

ASA grade:     

ASA 1-2 33 (42) 13 (50) 20 (39) 0.331 

ASA 3-4 45 (58) 13 (50) 32 (62)  

Haemoglobin median g/dl, (95% CI) 11.0 (10.0-12.0) 10.5 (8.0-13.0) 11.0 (10.0-12.0) 0.450 

Bilirubin median μmol/ml, (95% CI) 12.9 (12.6-13.1) 12.9 (12.5-13.1) 13.0 (12.3-13.5) 0.225 

Albumin median grams/l, (95% CI) 37.0 (37.0-38.0) 37.0 (35.0-38.0) 37.0 (37.0-39.0) 0.615 

Primary tumour site:     

Right colon 22 (20) 5 (14) 17 (22)  

Left colon 41 (36) 12 (33) 29 (38)  

Rectum 49 (44) 19 (53) 30 (40) 0.361 
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 Total Simultaneous Sequential P-value 

Treatment:     

Pre-operative chemotherapy 104 (95) 29 (88) 75 (99) 0.013 

Pre-operative monoclonal agent 62 (59) 24 (80) 38 (51) 0.006 

Adjuvant chemotherapy 80 (77) 26 (87) 54 (74) 0.199 

Adjuvant monoclonal agent 43 (52) 15 (71) 28 (46) 0.043 

Pre-operative radiofrequency ablation 14 (13) 5 (14) 9 (12) 0.768 

Metastatic radiological response:     

Stable disease/Partial response/Complete 

response 

92 (92) 26 (96) 66 (90) 0.335 

Progressive disease 8 (8) 1 (4) 7 (10)  

Disease severity     

Pre-operative liver metastatic size*     

>50mm 19 (22) 7 (26) 12 (20)  

≤50mm 69 (78) 20 (74) 49 (80) 0.511 

Number of liver metastases*     

Solitary 34 (31) 8 (23) 26 (35)  
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 Total Simultaneous Sequential P-value 

> 1 metastasis 74 (69) 26 (77) 48 (65) 0.228 

Extrahepatic metastases* 8 (7) 2 (6) 6 (8) 0.656 

Primary histological nodal stage*     

0 20 (21) 4 (13) 16 (25) 0.283 

1-2 75 (79) 27 (87) 48 (75)  

Pre-operative liver metastasis 

distribution 

    

Unilobar 63 (58) 15 (44) 48 (65)  

Bilobar 45 (42) 19 (56) 26 (35) 0.042 

Pre-operative CEA*     

Median mg/ml, (95% CI) 4.0 (3.0-5.0) 4.25 (3.0-17.0) 4.0 (3.0-5.0) 0.306 

CEA < 200ng/ml 88 (93) 23 (88) 65 (94)  

CEA > 200ng/ml 7 (7) 3 (12) 4 (6) 0.387 

Pre-operative CA19-9 median mg/ml, 

(95% CI) 

26.0 (19.0-40.5) 24.0 (15.8-59.8) 26.2 (14.0-39.0) 0.684 

*criteria used to compare disease severity between simultaneous and sequential groups. 
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3.8.1 PRE-OPERATIVE TREATMENT 

Neo-adjuvant chemotherapy was administered in 29 (87.9%) patients in the 

simultaneous group compared to 75 (98.7%) in the sequential group (P = 0.29). A 

neo-adjuvant monoclonal agent was used in 24 (80.0%) patients in the simultaneous 

group compared to 38 (50.7%) patients in the sequential group (P = 0.008). Adjuvant 

chemotherapy was given to 26 (86.7%) and 54 (74.0%) patients in the simultaneous 

and sequential groups respectively (P = 0.20). An adjuvant monoclonal agent was 

given to 15 (71.4%) and 28 (45.9%) patients in the simultaneous and sequential 

groups respectively (P = 0.075). Pre-operatively radiological progressive disease was 

demonstrated in one (3.7%) patient and seven (9.6%) patients in the simultaneous and 

sequential groups respectively (P = 0.68). Pre-operative radiofrequency ablation was 

used in five (13.9%) and nine (12.0%) patients in the simultaneous and sequential 

groups respectively (P = 0.77). 

 

3.8.2 TUMOUR CHARACTERISTICS AND DISEASE SEVERITY 

There was no significant difference in the site of the primary tumour between the 

simultaneous and sequential resection groups (Table V). The number of liver 

metastases was found to be multiple (>1) in 26 (77%) and 48 (65%) patients in the 

simultaneous and sequential groups respectively (P = 0.228). The metastatic 

distribution was bilobar in 19 (56%) patients in the simultaneous group respectively 

versus 26 (35%) in the sequential group (P = 0.042).  The pre-operative liver 

metastases size was greater than five centimetres in seven (26%) and twelve (20%) 

patients in the simultaneous and sequential groups respectively (P = 0.58). At the time 

of diagnosis, two (6%) and six (8%) patients had the presence of extra-hepatic 

metastases in the simultaneous and sequential groups respectively (P = 1.0). There 
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was no significant difference in the primary tumour nodal status of the primary 

tumours (P = 0.283) (Table V). The median CEA was 4.25 in the simultaneous group 

versus 4.0 in the sequential group (P = 0.31). A CEA > 200ng/ml was found in three 

(12%) and four (6%) of patients in the simultaneous and sequential groups 

respectively (P = 0.387) The median CA19-9 was 24.0 in the simultaneous group 

versus 26.2 in the sequential group (P =0.68).  

 

3.8.3 SURGERY 

Details of the primary tumour procedures and hepatic resections performed are shown 

in Table VI. Laparoscopic primary surgery was performed in two (5.6%) and ten 

(14.1%) patients in the simultaneous and sequential groups respectively (P = 0.33). 

Stoma formation was performed in 17 (50%) and 30 (45.5%) of patients in the 

simultaneous and sequential groups respectively (P = 0.68). A significantly greater 

proportion of patients in the simultaneous group had an anterior resection compared 

to the sequential group (72% v 40%, P = 0.001). There were no other significant 

differences between the two groups in terms of primary procedures (Table VI). Open 

hepatic resections were performed in 35 (97.2%) and 74 (98.2%) patients in the 

simultaneous and sequential groups respectively (P = 0.55). Major hepatic resections 

were performed in 23 (64%) and 60 (79%) of patients in the simultaneous and 

sequential groups respectively (P = 0.089). Intra-operative ultrasound was used as an 

adjunct in 32 (91.4%) and 72 (94.7%) of hepatic resections in the simultaneous and 

sequential groups respectively (P = 0.68). Intra-operative radiofrequency ablation was 

used in zero and three (4%) cases in the simultaneous and sequential groups 

respectively (P = 0.55).  
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TABLE VI: DETAILS OF PRIMARY AND HEPATIC SURGERY. 

 Total Simultaneous Sequential P-value 

Primary surgery     

Right hemicolectomy/Transverse colectomy 20 (18) 3 (8) 17 (22) 0.111 

Left hemicolectomy/Sigmoid Colectomy  25 (22) 6 (17) 19 (25) 0.323 

Anterior resection ¶ 56 (50) 26 (72) 30 (40) 0.001 

APR/PE/TPC/Subtotal 10 (9) 1 (3) 9 (12) 0.164 

Local excision of rectal lesion 1 (1) 0.0 (0) 1 (1) --- 

Stoma formation 47 (47) 17 (50) 30 (46) 0.666 

Hepatic Surgery     

Date of hepatic resection     

2001-2007 34 (30) 6 (17) 28 (37)  

2007-2012 78 (70) 30 (83) 48 (63) 0.030 

Open surgery 109 (98) 35 (97) 74 (99) 0.592 

Intra-operative ultrasound 104 (94) 32 (91) 72 (95) 0.387 

Intra-operative RFA 3 (3) 0.0 (0) 3 (4) 0.550 
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 Total Simultaneous Sequential P-value 

Right hepatectomy 42 (38) 12 (33) 30 (39) 0.531 

Extended right hepatectomy 11 (10) 4 (11) 7 (9) 0.752 

Left hepatectomy 19 (17) 6 (17) 13 (17) 0.954 

Extended left hepatectomy 4 (4) 0.0 (0) 4 (5) 0.303 

Caudate resection 2 (2) 0.0 (0) 2 (3) 1.000 

Segmentectomy  8 (7) 4 (11) 4 (5) 0.267 

Sectionectomy 11 (10) 4 (11) 7 (9) 0.743 

3 segments  7 (6) 1 (3) 6 (8) 0.426 

Wedge/Atypical resection 8(7) 5 (14) 3 (4) 0.108 

Major hepatic resection 83 (74) 23 (64) 60 (79) 0.089 

Minor hepatic resection 29 (26) 13 (36) 16 (21)  

¶one patient received a right hemicolectomy. 
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3.8.4 INTRA-OPERATIVE OUTCOMES 

There was no significant difference in the rate of intra-operative complications 

between the two groups (Table VII). There was one haemorrhage in the simultaneous 

group during the primary tumour dissection limiting the extent of the hepatic 

resection. In the sequential resection group, one patient developed a pneumothorax 

during the hepatic resection and one other patient had an intra-operative haemorrhage 

during the primary tumour resection. The intra-operative blood loss was > 500mls in 

17 (51.5%) and 37 (52.9%) patients in the simultaneous and sequential groups 

respectively (P = 1.0) (Table VII). Blood transfusion of more than two units was 

required in seven (21.2%) and eleven (14.7%) patients in the simultaneous and 

sequential groups respectively (P = 0.41). The use of intra-operative fresh frozen 

plasma was required in eight (23.5%) and ten (13.9%) patients in the simultaneous 

and sequential groups respectively (P = 0.27). The median duration of the 

simultaneous surgery was 400.0 (95% CI, 350-480) minutes compared to a median 

combined duration of 420.0 (95% CI, 380-473) minutes in the sequential group (P = 

0.28).  
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TABLE VII: INTRA-OPERATIVE AND POST-OPERATIVE OUTCOMES. 

Outcome Total Simultaneous Sequential P-value 

Intra-operative outcomes:     

Blood loss, median millilitres (95% CI) 900.0 (600-1200) 1200.0 (400-2000) 725.00 (500-1100) 0.418 

Blood loss     

< 500mls  49 (48) 16 (49) 33 (47)  

> 500mls 54 (52) 17 (51) 37 (53) 1.000 

Intra-operative blood transfusion     

≤ 2units 90 (83) 26 (79) 64 (85) 0.400 

> 2units 18 (17) 7 (21) 11 (15)   

FFP transfusion 18 (17) 8 (24) 10 (14) 0.217 

Duration of surgery, median minutes (Range) 415.0 (380.0-473.0) 400.0 (350.0-480.0) 415.0 (380.0-473.0) 0.284 

Intraoperative adverse events 3 (3) 1 (3) 2 (3) 1.000 

Post-operative outcomes:     

30 day/in hospital Dindo grade 1-2 19 (17) 4 (11) 15 (20)  

30day/in hospital Dindo Grade 3-4 24 (22) 5 (14) 19 (25) 0.161 
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Outcome Total Simultaneous Sequential P-value 

Post-operative mortality 3 (3) 2 (6) 1 (1.3) 0.241 

Length of ITU stay, median days (95% CI) 3.0 (2.0-3.0) 2.5 (2.0-3.0) 3.0 (2.0-4.0) 0.302 

Length of hospital stay, median days (95% CI) 16.0 (15.0-19.0) 14.0 (12.0-18.0) 18.5 (16.0-23.0) 0.03 

Post-operative blood transfusion 24 (25) 8 (25) 16 (25) 1.000 

Histology     

Primary tumour     

T stage     

T1-2 5 (5) 1 (3) 4 (6)  

T3-4 90 (95) 30 (97) 60 (94) 1.000 

EMVI +ve 48 (57) 17 (59) 31 (55) 0.774 

Grade     

G2 64 (76) 23 (74) 41 (77)  

G3 20 (24) 8 (26) 12 (23) 0.742 

Resection status     

R0 70 (97) 29 (97) 41 (98)  
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Outcome Total Simultaneous Sequential P-value 

R1 2 (3) 1 (3) 1 (2) 0.808 

Liver      

Weight of specimen, median grams (Range) 582.5 (194.0-837.0) 518.5 (283.0-754.0) 582.5 (166.0-903.0) 0.874 

Number of liver metastases     

Solitary 25 (25) 9 (27) 16 (24)  

> 1 62 (62) 20 (61) 42 (63)  

No residual tumour 13 (13) 4 (12) 9 (13) 0.929 

Size of liver metastases     

< 50 mm 59 (79) 15 (68) 44 (83)  

≥ 50mm 16 (21) 7 (32) 9 (17) 0.153 

Grade     

G2 46 (78) 16 (70) 30 (83)  

G3 13 (22) 7 (30) 6 (17) 0.213 
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Outcome Total Simultaneous Sequential P-value 

Resection status     

R0 74 (84) 24 (83) 50 (85)  

R1 14 (16) 5 (17) 9 (15) 0.811 
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3.8.5 POST-OPERATIVE OUTCOMES 

Post-operative mortality occurred in two (5.6%) and one (1.3%) patients in the 

simultaneous and sequential groups respectively (P = 0.24). Major thirty-day post-

operative complications (Dindo grade 3-4) occurred in five (14.3%) and nineteen 

(25%) patients in the simultaneous and sequential groups respectively (P = 0.16). The 

median length of ITU stay was 2.5 (95% CI, 2.0-3.0) days in the simultaneous group 

compared to three (95% CI, 2.0-4.0) days in the sequential group (P = 0.302). The 

median length of hospital stay was 14.0 (95% CI 12.0-18.0) days in the simultaneous 

group compared to 18.5 (95% CI, 16.0-23.0) days in the sequential group (P = 0.03). 

A post-operative transfusion was required in eight (25%) and sixteen (24.6%) patients 

in the simultaneous and sequential groups respectively (P = 1.0).  In terms of the 

primary tumour histology there was no significant difference in the tumour 

differentiation or the extra-mural venous invasion status between the two groups 

(Table VII). The histology of the liver specimens demonstrated that there were no 

differences in the specimen weight, number and size of the liver metastases or the 

metastatic tumour differentiation (Table VII). There was no difference in the primary 

tumour (P = 1.0) or the hepatic (P = 1.0) pathological resection status between the 

two groups. 

 

3.8.6 SURVIVAL 

The three-year overall survival was 75 per cent in the simultaneous group and 64 per 

cent in the sequential group (P = 0.379) (Figure XII). The three-year disease free 

survival was 33 and 32 per cent for the simultaneous and sequential groups 

respectively (P = 0.837) (Figure XIII). The three-year hepatic recurrence free survival 
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was 61 and 46 per cent for the simultaneous and sequential groups respectively (P = 

0.254) (Figure XIV). 
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FIGURE XII: THREE YEAR OVERALL SURVIVAL. 
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FIGURE XIII: THREE-YEAR DISEASE FREE SURVIVAL. 
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FIGURE XIV: THREE-YEAR HEPATIC RECURRENCE FREE SURVIVAL. 
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3.9 DISCUSSION 

The fact that simultaneous resections when compared to sequential resections should 

theoretically result in a lack of delay in the administration of adjuvant chemotherapy 

and serve to nullify any ‘perceived’ effect of a post-operative immunodeficiency on 

metastatic disease are convincing scientific and clinical arguments in favour of 

simultaneous resections. Currently, however, the majority of centres undertake 

simultaneous resections in selected patients with limited hepatic disease whilst 

patients deemed ‘high-risk’ with any of the following: elderly patients, chemotherapy 

induced hepatic damage, extensive metastatic disease, or advanced primary tumours 

tend to undergo sequential resections.
70,86,98,125-126,138,141

 This difference in selection 

criteria, as demonstrated in the meta-analysis in Chapter Two, serves to introduce bias 

in most studies comparing simultaneous and sequential resections making the findings 

difficult to interpret. Indeed, the current evidence as it stands would favour the 

proponents of sequential resections in so far as the results imply that the traditional 

approach may result in better oncological outcomes than simultaneous resections.  

The findings of this study are thus important as they demonstrate that simultaneous 

resections when compared to sequential resections in patients with comparable 

metastatic disease severity result in similar oncological outcomes. This is consistent 

with other studies that have either compared or matched similar disease burdens 

between the two surgical approaches and have similarly demonstrated no significant 

difference in overall or disease free survival between the groups.
123,138,140-142,144,147-

148,174
 The three year overall survival of 75 per cent in the simultaneous group 

compares favourably with the three year overall survival of between 33.1 and 70 per 

cent in these aforementioned studies.
123,138,140-142,147

 The comparatively high three year 

overall survival demonstrated in this study may reflect the fact that the simultaneous 
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resections in this study were performed in the modern neo-adjuvant era were the use 

of monoclonal agents is now routine. The reported rates of disease free survival in 

patients undergoing simultaneous resections in studies comparing similar disease 

burdens ranged between 9.2 and 57 per cent suggesting that the three year disease free 

survival of 33% is within an acceptable range.
138,140,142

 No difference in hepatic 

recurrence free survival was demonstrated between the two groups confirming the 

results of one other study by Chua and colleagues where similar disease burdens 

where compared.
142

 A greater proportion of patients received monoclonal agents in 

the simultaneous group compared to the sequential group and this is clearly a 

limitation of the study. Interestingly, however, there was no difference in the 

radiological response of the metastases between the two groups. The difference in the 

use of monoclonal agents seen is most likely as a result of a greater proportion of 

patients in the simultaneous group having a bilobar metastatic distribution in addition 

to the fact that the majority of simultaneous resections were performed after 2007.  

The majority of patients in this study underwent major hepatic resections with no 

significant differences demonstrated between the simultaneous and sequential groups. 

There has been, at the time of writing this thesis, only one other study that has had a 

similar rate of major hepatic resections in their simultaneous group.
140

 The remaining 

studies which compared similar rates of major hepatic surgery between the two 

groups of patients had proportions of major hepatic resections of less than thirty-five 

per cent.
123,125,138,142,144,147-148,174

 Moreover, only one of those studies had an equal 

proportion of rectal primaries in their simultaneous group
142 

with the remainder 

having higher proportions of colonic primaries.
123,125,138,140,144,147-148,174

 The high rate 

of major hepatic resections and rectal primary tumour resections seen in our 

simultaneous resection group is probably a reflection of the expertise and confidence 
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in performing simultaneous resections at the surgical unit where this study was 

undertaken. Furthermore, that the institution in question is a major oncological 

tertiary referral centre in the United Kingdom and hence has the necessary anaesthetic 

expertise and the intensive care infra-structure required for these complex procedures.  

The findings of this study showing no demonstrable difference in the rate of intra-

operative parameters or post-operative adverse events between the two groups of 

patients; confirms the findings of the majority of studies that have compared similar 

extents of hepatic surgery between the two groups.
125,140,142,144,148,174

 The results would 

thus suggest that simultaneous resections are as safe as sequential resections even 

when performing major hepatic surgery. The primary tumour histology demonstrated 

that, as would be expected, the primary tumours were advanced in this cohort of 

patients. The fact that a significantly greater proportion of patients underwent anterior 

resections in the simultaneous group suggests that it is safe and feasible to perform 

simultaneous resections for advanced rectal cancer primaries even when combined 

with a major hepatic resection. The findings of this study demonstrate that 

simultaneous resections are associated with a significant reduction in the total hospital 

length of stay when compared to sequential resections in patients undergoing 

comparable hepatic resections. This finding confirms the results of other comparative 

studies where similar proportions of hepatic surgery have been compared and thus has 

important financial implications.
123,125,140,142,144,147-148

  

This study does have limitations mainly as a result of it being a retrospective 

unicentre study. However, very few studies have compared similar disease burdens or 

similar high rates of major surgery between the two groups of patients. This study’s 

findings are thus important as they help to counter the argument that simultaneous 

resections only result in similar oncological outcomes as sequential resections due to 
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being performed in patients with limited hepatic disease. The unicentre auditing of a 

single experienced hepatobiliary surgeon’s hepatic resections eliminates the bias of 

differing surgical techniques as well as the use of differing oncological regimes.  It is 

evident that simultaneous resections are complex and high-risk surgical procedures 

and as such require both meticulous planning as well as the appropriate surgical 

expertise. Careful patient selection is paramount with due consideration given to the 

patients’ fitness as well as the effects of chemotherapy on the remnant liver. Patient 

safety should remain the main selection criteria when deciding which patients can 

undergo a simultaneous resection. To achieve this constant close co-operation with 

the members of the multi-disciplinary team pre- and intra-operatively with a low 

threshold to postpone the hepatic resection if concerns are raised is required.  The 

surgical department where this study was performed is relatively small and as such 

the selection process and surgery for simultaneous resections tend to have been 

performed with the same specialist colorectal surgeon, anaesthetists and oncologists. 

Although this is a limitation in terms of sample size this experience is also an 

advantage in terms of improving the reproducibility and safety of the simultaneous 

resections. It is thus clear from the aforementioned points that the findings of this 

study are probably only applicable to surgical oncology units that have similar levels 

of supporting personnel and expertise. 

   

 

 

 

\ 
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3.10 CONCLUSION 

Simultaneous resections are complex and high-risk procedures. Meticulous planning 

with experienced colorectal surgeons, oncologists and anaesthetists with an emphasis 

on careful patient selection is paramount in achieving good results. Furthermore, close 

co-operation between colorectal and hepatobiliary surgeons experienced in 

performing simultaneous resections is crucial in achieving safe and reproducible 

results. In such an environment, simultaneous resections for patients with 

synchronous colorectal liver metastases result in similar long-term oncological 

outcomes as patients receiving sequential resections with comparable metastatic 

disease.  Furthermore, major hepatic resections are safe and feasible in simultaneous 

resections resulting in similar intra-operative and post-operative outcomes as patients 

undergoing sequential resections. The findings of this study demonstrate that major 

hepatic resections combined with advanced primary tumour resections can be 

undertaken in centres with the appropriate expertise. This study confirms that 

simultaneous resections are associated with a significant reduction in the length of 

hospital stay compared to patients undergoing sequential resections.  
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3.11 FUTURE WORK 

The meta-analysis in Chapter Two suggested that simultaneous resections maybe 

inferior to sequential resections due to the bias in the selection criteria found between 

the two groups. This study, however, seems to suggest that in terms of short-term and 

long-term outcomes that simultaneous resections are equivalent to sequential 

resections whilst confirming the benefit of a reduced length of hospital stay.  

To be able to confirm these findings, a non-inferiority study would have to be 

performed comparing simultaneous resections to the ‘standard’ sequential approach. 

Ideally this should be in the form of a prospective randomised controlled trial. The 

primary outcome of the study would be three year overall survival. From the present 

study the survival rate for sequential resections was sixty-four per cent and if we 

assume a hazard ratio of one with a non-inferiority margin of 1.25: a sample size of 

1964 patients would be required to achieve a power of eighty per cent with a p-value 

< 0.05 (http://powerandsamplesize.com/Calculators/).
 
 Even if we envisaged that this 

study would be an international multi-centre study, it would be difficult to accrue 

such numbers over a five-year period. Furthermore, due to the numbers required it 

would be difficult to analyse patients with colonic and rectal cancers separately. The 

randomisation would be blinded and computer generated.  

Due to the complexity and the heterogeneity of the presenting disease achieving 

similar disease burdens, demographics and use of systemic chemotherapy between the 

simultaneous and sequential groups would be difficult. To counter this problem the 

randomisation process would have to be performed after stratification of patients 

according to hepatic disease burden, age, ASA grade and use of neo-adjuvant 

chemotherapy. To add to the complexity of this study, the decision as to whether to 

enter the patient into the trial would have to occur in a multi-disciplinary setting 
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where the patients’ fitness, patients’ wishes and surgeons preference would have to be 

taken into account to determine suitability for a simultaneous resection. This would 

make this trial difficult to undertake with regards to recruitment, as few surgeons 

currently believe in clinical equipoise in terms of safety between the two approaches. 

Due to the challenging nature of simultaneous resections, it would be anticipated that 

a proportion of patients initially randomised to a simultaneous resection would end up 

undergoing a sequential resection. To account for this, the data analysis would have to 

be undertaken as an intention to treat. However, as this would be a non-inferiority 

study it would be prudent to also perform a per protocol analysis.
175

 

In summary the ideal study would be a non-inferiority prospective international multi-

centre randomised controlled trial comparing simultaneous resections with sequential 

resections for the management of synchronous colorectal liver metastases. However, 

from the aforementioned points it is clear that the difficulties posed by such a study 

with regards to both patient recruitment and the perceived lack of clinical equipoise 

make the prospect of undertaking such a trial impractical.  
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4 THE TUMOUR BIOLOGY OF SYNCHRONOUS AND 

METACHRONOUS COLORECTAL LIVER 

METASTASES. 

 

4.1 INTRODUCTION 

As previously discussed colorectal liver metastases are either synchronous or 

metachronous in presentation with approximately equal incidence.
72,176-177 

Patients 

who present with synchronous colorectal liver metastases have locally advanced 

primary tumours and tend to present with a greater metastatic burden than patients 

who develop metachronous colorectal liver metastases.
6,57

 Furthermore, it has been 

demonstrated that the presence of synchronous disease is an indicator of poor 

prognosis.
57

 Despite those aforementioned differences, the reasons why colorectal 

cancer primaries develop either synchronous or metachronous colorectal liver 

metastases remain unknown.
1
 Clarifying whether synchronous and metachronous 

colorectal liver metastases represent different subtypes of metastatic colorectal cancer 

is paramount as it could have important clinical implications. The reader is advised to 

refer to Table VIII for a brief description of the markers discussed in this Chapter. 

 

 

 



 139 

TABLE VIII: DESCRIPTION OF MOLECULAR MARKERS ASSESSED IN THE SYSTEMATIC REVIEW 

Molecular Marker Abbreviation Description Role in colorectal cancer 

 Angiopoietins Ang-1/2 Tie2 receptor ligands involved in 

angiogenesis. 

Ang-2 promotes angiogenesis. Ang-1 promotes 

vascular maturation. 

 Amphiregulin AREG Ligand epidermal growth factor receptor. Thought to be involved in development of liver 

metastases. 

 Chemokine receptor 6 CCR6 Chemokine receptor for ligand CCL20. Expressed in CRC. Thought to be involved in 

CLM development.  

 Cluster of Differentiation 34 CD34 Marker of endothelial cells and 

microvessel density. 

Microvessel density correlates with CRC stage 

and metastatses. 

 Cluster of Differentiation 83 CD83 Marker of mature dendritic cells. Correlates with stage of CRC and presence of 

distant metastases. 

 Cyclin-dependent kinases 2 CDK2 Involved in cell cycle regulation. Thought to be involved in CRC progression. 

 Carcinoembryonic antigen CEA Soluble glycoprotein. Involved in the development of liver metastases. 

 c-erbB-2 --- Glycoprotein receptor tyrosine kinase. Involved in cellular proliferation in CRC. 

 Chromosomes 8,18,14,22,20 --- --- 8, 14, 18 and 22 involved in carcinogenesis. 20 

associated with CLM. 

 Cyclo-oxygenase-2 COX-2 Converts arachidonic acid to 

prostaglandin-H2. 

Correlates with CRC progression and the 

presence of CLM. 
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Molecular Marker Abbreviation Description Role in colorectal cancer 

 Chemokine receptor type 4 CXCR4 Chemokine receptor for ligand CXCL12. Correlates with advanced CRC and has role in 

metastatic development. 

 Cyclin E --- Involved in cell cycle regulation. Involved in cell proliferation and carcinogenesis. 

 Dihydropyrimidine 

dehydrogenase 

DPD Enzyme involved in pyrimidine 

catabolism. 

Involved in the catabolism of 5-FU based agents. 

 Epidermal Growth Factor 

Receptor 

EGFR Tyrosine kinase. Important role in the progression and metastatic 

potential of CRC. 

 Excision repair cross-

complementing factor1  

ERCC1 Nucleotide excision repair.  Confers ability to repair platinum related DNA 

damage. 

 Epiregulin EREG Ligand for epidermal growth factor 

receptor. 

Involved in development of liver metastases. 

 Focal adhesion kinase FAK Tyrosine kinase involved in cell 

migration.  

Thought to have a role in the metastatic 

development. 

 Insulin Receptor Substrate 1 IRS1 Insulin receptor substrate. Involved in CRC progression via the β-catenin 

signalling pathway.  

 Ki-67 --- Marker of cell proliferation. Unspecific to stage of CRC. 

 Methylated in tumour 1 MINT1 CpG sequence known to be methylated in 

tumours. 

Demonstrated to be methylated in CRC. 
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Molecular Marker Abbreviation Description Role in colorectal cancer 

 Matrix metalloproteinases MMP Proteolytic enzymes. Important role in progression and development of 

metastases. 

 Orotate phosphoribosyl 

transferase 

OPRT Enzyme involved in the synthesis of 

pyrimidine nucleotides. 

Enzyme involved in activating 5-FU. 

 p27 --- Cyclin-dependent kinase inhibitor 

regulating cell cycle. 

Reduced expression correlates with advanced 

stages of CRC. 

 p53 --- Inducer of apoptosis. Mutations of p53 occur in about 50% of sporadic 

CRCs.  

 Paxillin, Vinculin, Talin --- Proteins associated with the focal-

adhesion-complex. 

Correlate with carcinogenesis and metastasis in 

CRC. 

 Placenta growth factor PLGF Angiogenic factor.  Associated with CRC progression. 

 Sialyl Lewis A Sialyl Le
a
 Family of carbohydrate ligands found on 

CEA. 

Thought to be involved in CRC progression. 

 Transforming growth 

factor-α 

TGF-α Growth factor and member of the 

epidermal growth factor family. 

Involved in CRC progression. 

 Tissue inhibitor of 

metalloproteinases 

TIMP Family of endogenous inhibitors of 

MMPs. 

Demonstrated to reduce growth of CRCs. 

 



 142 

Molecular Marker Abbreviation Description Role in colorectal cancer 

Thymidine phosphorylase TP Enzyme of the pyrimidine salvage 

pathway. 

Enzyme involved in the activation of 5-FU 

chemotherapy. 

 Thymidylate synthase  TS Enzyme involved in the synthesis 

of   thymidine monophosphate.  

Target of 5-fluorouracil chemotherapy. 

 Uridine phosphorylase UP Enzyme that converts uridine to uracil. Involved in the activation of 5-FU chemotherapy. 

 Vascular Endothelial 

Growth Factor 

VEGF Angiogenic factor. Important role in the progression of CRC and 

development metastases.  

 Vascular endothelial growth 

factor receptor 

VEGFR Tyrosine kinase receptor for VEGF. Expression associated with CRC progression and 

poor prognosis. 

 Zinc finger E-box binding 

homeobox-2 

ZEB2 Transcription factor involved in epithelial 

mesenchymal transition. 

Associated with CRC progression and 

development of metastases. 
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4.2 HYPOTHESIS 

That synchronous and metachronous colorectal liver metastases are distinct biological 

entities both at a primary tumour and a metastatic level. 

4.3 AIM 

To ascertain whether there is a biological difference between patients with 

synchronous and metachronous colorectal liver metastases.  
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4.4 METHOD 

A systematic review of the literature was performed to assess the differences in 

biomarker expression: 1) between patients with synchronous colorectal liver 

metastases (synchronous group) and patients with metachronous colorectal liver 

metastases (metachronous group) and 2) to assess differences in biomarker expression 

between colorectal liver metastases and their respective colorectal cancer primaries in 

both the synchronous and metachronous groups (Figure XV). The methodology 

undertaken was based on the guidelines from the PRISMA statement.
129
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FIGURE XV: DIAGRAM DEMONSTRATING THE DIFFERENT GROUPS COMPARED. 

 

Arrows demonstrate subgroups compared; 1: Colorectal liver metastases compared to their respective colorectal cancer 

primaries in either the Metachronous or Synchronous groups; 2: Comparison of the colorectal cancer primaries and 

colorectal liver metastases between the Metachronous and Synchronous groups. 
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4.4.1 SEARCH STRATEGY 

An electronic database search was performed in October 2012 using the following 

resources: MEDLINE from PubMed (1950 to present), Embase, Cochrane and the 

Web of Knowledge. The following search headings were used: “colorectal cancer 

liver metastases”, “colorectal cancer hepatic metastases”, “colorectal cancer 

synchronous liver metastases”, “colorectal cancer synchronous hepatic metastases”, 

“colorectal cancer metachronous liver metastases”, “colorectal cancer metachronous 

hepatic metastases” combined with the Boolean operator ‘AND’ and each of the 

following terms: “biomarkers” and “molecular markers”. The titles were initially 

scanned and abstracts of interest were reviewed. All articles reviewed and included in 

the study had their reference lists scanned and studies found were included in the 

study if they met the inclusion criteria.  

 

4.4.2 INCLUSION CRITERIA 

To enter the review the study had to: 

1) compare biomarkers between the defined subgroups (Figure XV);  

2) only include studies assessing liver metastases or primary tumours of colorectal 

adenocarcinoma origin;  

3) differentiate between colorectal liver metastases and extra-hepatic metastases 

during the tissue analysis.  

 

 



 147 

4.4.3 EXCLUSION CRITERIA 

The following criteria were used to exclude studies from the review: 

1) studies that analysed synchronous and metachronous groups together as one entity;  

2) studies that analysed CLM with other types of metastases as one entity;  

3) studies that did not clearly define whether CLM were synchronous or 

metachronous in origin;  

4) animal studies;  

5) articles that were conference abstracts, editorials, commentaries/letters or reviews. 

4.4.4 DATA EXTRACTION 

Two investigators independently collected and tabulated the data into an electronic 

spread-sheet. Any differences in collated data between the two investigators were 

discussed and agreement was reached by consensus.  The specific data items collected 

were the following: first author/institute, year of publication, year of study, study 

design, groups being compared, study sample size, molecular markers being assessed, 

manner of molecular marker assessment, and significant/non-significant findings. The 

study quality was assessed using the Newcastle-Ottawa Scale by two investigators 

independently.  

 

4.4.5 DATA ANALYSIS / QUALITY OF STUDIES: 

All studies were assessed for their level of evidence using the Oxford Centre for 

Evidence-Based Medicine Levels of Evidence table.
178 

It was elected to perform a 
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descriptive review of the data as opposed to a meta-analysis due to the heterogeneity 

of the studies and markers assessed.  
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4.5 RESULTS  

4.5.1 STUDY SELECTION AND QUALITY 

A total of 3400 citations including references were found. After exclusion of duplicate 

citations, a review of the titles and abstracts resulted in 213 articles being reviewed of 

which 31 met the inclusion criteria (Figure XVI). The overall quality of the studies 

was poor with a median Newcastle-Ottawa score of four (1-6).  
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Articles included in study 

N = 31 

Article reference titles 

N = 130 

Articles analysed 

N = 213 

 

Total number of titles 

N = 3400 

Total articles excluded N = 182 

Synchronous/metachronous not defined N = 101 

Synchronous and metachronous analysed together N = 41 

Synchronous and metachronous not compared N = 13 

CLM analysed together with other metastases N = 2 

Molecular marker expression not compared N = 3 

Molecular markers not assessed N = 2 

Type of metastases analysed not identified N = 3 

Metastases other than CLM analysed N = 1 

Markers assessed only for risk of recurrence N = 2 

Foreign language N = 8 

Unable to obtain N = 6 

 

Articles excluded based on 

titles/abstracts and duplicates 

N = 3187 

Titles identified from 

electronic database search 

N = 3270 

FIGURE XVI: FLOWCHART DEMONSTRATING 

THE SEARCH STRATEGY. 
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4.5.2 STUDY DESIGN AND CHARACTERISTICS 

All of the studies were retrospective and the publication year of the articles ranged 

between 1996 and 2012, with the majority (twenty-five) being published in or after 

the year 2001. None of the studies were randomised and they were found to all be 

observational in nature. Fourteen of the studies had been undertaken in Japan.  

 

4.5.3 COMPARISON OF MOLECULAR MARKERS BETWEEN COLORECTAL 

CANCER LIVER METASTASES AND COLORECTAL CANCER 

PRIMARIES IN THE SYNCHRONOUS AND METACHRONOUS 

GROUPS 

There were a total of fifteen studies assessing the difference in molecular marker 

expression between the colorectal liver metastases and their associated colorectal 

cancer primaries (Table IX). In the metachronous group, the expression of TS, 

ERCC1, DPD was found to be higher in the liver metastases. The expression of p27 

using immunohistochemistry (IHC) was significantly reduced in the liver metastases 

of the metachronous group. No significant differences in p27 mRNA, p53, Ki-67, 

AREG, EREG were found in the metachronous group.  In the synchronous group, the 

expression of VEGF, CXCR4 and ISR1 were found to be significantly higher in the 

liver metastases. The expression of Cyclin E, CCR6 and FAK were lower in the liver 

metastases of the synchronous group. No significant differences in genetic aberration, 

protein expression profile or expression of ERCC1, TS, p27, p53, Ki-67, AREG, 

EREG and EGFR were found in the synchronous group. 
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TABLE IX: COMPARISON OF MOLECULAR MARKER EXPRESSION IN COLORECTAL LIVER METASTASES AND ASSOCIATED PRIMARIES. 

Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method of 

analysis 

Controls Molecular markers 

findings in 

metachronous group 

Molecular markers 

findings in 

synchronous group 

CEBM 

Kobaya

shi H 
179

 

2008 31 None. ERCC1 and 

TS mRNA 

RT-PCR No. TS and ERCC1 

mRNA levels were 

higher in liver 

metastases P = 

0.0084, 0.037.  

TS mRNA in 

primaries significantly 

correlated with levels 

in matched liver 

metastases. 

ERCC1 mRNA 

primary significantly 

correlated with levels 

in CLM P = 0.0038. 

TS mRNA in 

primaries significantly 

correlated with levels 

in matched liver 

metastases. 

No difference in TS 

and ERCC1 mRNA 

levels P = 0.65, 0.20. 

4 

Thomas 

GV 
180

 

1998 36 Synchronous- 

detected at 

primary 

resection. 

Metachronous- 

> 6months. 

p27, p53, 

Ki-67 

IHC, In 

Situ 

Hybridizat

ion 

Yes. No significant 

difference in p27 

mRNA, p53 or Ki-67 

P = 0.75, 1.00. 

Significant reduction 

of p27 on IHC in 

CLM P = 0.03. 

No difference in p27, 

p53 or Ki-67. 

4 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method of 

analysis 

Controls Molecular markers 

findings in 

metachronous group 

Molecular markers 

findings in 

synchronous group 

CEBM 

Shirota 

Y 
181

 

2002 8 None. DPD 

mRNA 

RT-PCR Yes. DPD mRNA had a 

significant higher 

expression in CLM P 

= 0.017. 

 3b 

Kuramo

chi H 
182

 

2012 120 None. AREG/ERE

G 

RT-PCR No. No significant 

difference in AREG or 

EREG mRNA levels 

between primary and 

CLM.  

AREG and EREG 

primary tumour 

expression levels 

correlated with CLM 

Rs 0.6, 0.36. 

No significant 

difference in AREG or 

EREG mRNA levels 

between primary and 

CLM.  

AREG and EREG 

primary tumour 

expression levels 

correlated with CLM 

Rs 0.357, 0.58. 

3b 

Shi H 
183

 2011 18 None. Protein 

expression 

profile 

2D-DIGE, 

Western 

blotting, 

IHC 

Yes.   No significant 

difference in protein 

expression profile. 

3b 

Ghadjar 

P 
184

 

2006 16 None. CCR6 IHC Yes.  CCR6 was 

significantly lower in 

the CLM P = 0.02. 

3b 
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Author Year Cases Definition of 

synchronous/ 

metachronous 

Molecular 

markers 

assessed 

Method of 

analysis 

Controls Molecular markers 

findings in 

metachronous group 

Molecular markers 

findings in 

synchronous group 

CEBM 

D’Arrig

o A 
185

 

2005 10 None. Genetic 

profile 

RT-PCR, 

cDNA 

arrays 

Yes.  Differing expression 

in 6 genes out of 773 

genes.  

3b 

Goldstei

n NS 
186 

 

2001 102 Synchronous- 

< 1 month 

post-operative. 

EGFR IHC Yes.  No significant 

difference in EGFR 

expression. 

4 

Al-

Mulla F 
187

 

1999 7 Synchronous- 

detected at 

time of 

primary 

surgery. 

Genetic 

profiling 

DNA 

hybridizati

on 

Yes.  Similar chromosomal 

changes were 

‘frequently’ found. 

New genetic 

aberrations compared 

to the matched 

primary were found in 

all the CLM. 

3b 

Kim J 
188

 

2005 14 None. CXCR4 

expression 

RT-PCR Yes.  CXCR4 mRNA 

expression 

significantly higher in 

CLM P = 0.0005. 

3b 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method of 

analysis 

Controls Molecular markers 

findings in 

metachronous group 

Molecular markers 

findings in 

synchronous group 

CEBM 

Ayaki 

M 
189

 

2001 10 None. FAK, 

Paxillin, 

Vinculin 

and Talin 

IHC, 

Western 

Blot 

Analysis 

Yes.  FAK expression 

significantly lower in 

CLM P = 0.022. 

No significant 

diference in Vinculin, 

Paxillin, Talin 

expression. 

3b 

Takahas

hi Y 
190

 

2006 9 None. Genetic 

expression 

profile 

DNA 

micorarray

, FISH 

Yes.  No difference in gene 

expression. 

3b 

Kim 

YW 
191

 

2010 10 None. CEA, 

VEGF, 

MMP-1, 

MMP-7 and 

TIMP-1 

IHC Yes.  Higher VEGF 

expression in CLM P 

= 0.009. 

No difference in 

expression of MMP-1, 

MMP-2, CEA or 

TIMP-1. 

3b 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method of 

analysis 

Controls Molecular markers 

findings in 

metachronous group 

Molecular markers 

findings in 

synchronous group 

CEBM 

Li JQ 
192

 

2001 10 None. Cyclin  E, 

CDK2, 

Ki67 

IHC Yes.  Cyclin E expression 

decreased 

significantly in CLM 

compared to matched 

primaries P = 0.0469. 

No difference in 

expression of CDK2 

or Ki67 P = 0.1975, 

0.1813. 

3b 

Esposito 

DL 
193

 

2012 24 None. IRS1 IHC Yes.  Significantly higher 

expression of IRS1 in 

CLM compared to 

primaries P <0.01. 

3b 
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4.5.4 COMPARISON OF MOLECULAR MARKERS IN SYNCHRONOUS 

GROUP COMPARED TO METACHRONOUS GROUP  

A total of sixteen studies compared the tumour marker expression between the two 

groups (Table X).  In the synchronous group, the colorectal cancer primaries were 

found to have a significantly higher methylation level of MINT1 than the primaries of 

the metachronous group.  No difference in the expression of TGF-α, EGFR, Ki-67, 

p53, VEGF, CEA, sialyl LeA was found between the primaries of the two groups. 

The liver metastases in the synchronous group were found to have an increased 

expression of COX-2 mRNA, TGF-α and a higher Angiopoietin-2/Angiopoietin-1 

ratio compared to the liver metastases in the metachronous group.  The expression of 

CD83 and EGFR mRNA were found to be higher in the liver metastases of the 

metachronous group compared to the liver metastases of the synchronous group. No 

significant difference in the expression of COX-2 or EGFR was found between the 

liver metastases of the two groups using immunohistochemistry. No significant 

differences between the metastases of the two groups were found in the following 

markers: VEGF, angiopoietins, genetic aberrations, Ki-67, TP, CD31, CD34, c-erb-2 

and ZEB2. 
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TABLE X: EXPRESSION OF MOLECULAR MARKERS IN SYNCHRONOUS GROUP COMPARED TO METACHRONOUS GROUP.  

Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method 

of 

analysis 

Controls Molecular markers 

findings in primaries 

Molecular markers 

findings in colorectal 

liver metastases 

CEBM 

De Jong 

K 
194

 

1998 45 None.  TGF-α, 

EGFR, 

Ki67 and 

p53  

IHC No. No significant 

difference in TGF-α, 

EGFR, Ki67 and p53. 

Higher TGF-α found in 

synchronous group 65% 

v 40%.  

No significant 

difference in Ki-67 or 

EGFR. 

4 

Kuramo

chi H 
195

 

2006 31 None. VEGF 

mRNA 

expression 

RT-PCR Yes. No significant 

difference in VEGF 

expression P = 0.1280. 

No significant 

difference in VEGF 

expression P = 0.9172. 

3b 

Ono M 
196

 

1996 44 None. CEA and 

sialyl 

Lewis A 

IHC Yes. No significant 

difference in CEA or 

sialyl LeA expression.  

--- 3b 

Nanashi

ma A 
197

 

1997 18 None. Chromoso

mes 8, 18, 

14/22, 20 

FISH Yes. No significant 

difference in 

chromosome 

aberrations.  

No significant 

difference in 

chromosome 

aberrations. 

3b 

Kitabat

ake T 
198

 

2002 37 None. Ki-67 IHC Yes. No significant 

difference in Ki-67 

expression. 

No significant 

difference in Ki-67 

expression. 

3b 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method 

of 

analysis 

Controls Molecular markers 

findings in primaries 

Molecular markers 

findings in colorectal 

liver metastases 

CEBM 

Konishi 

K 
199

 

2011 43 Synchronous- 

< 12 months 

after CRC 

diagnosis. 

Methylatio

n or 

mutation 

of 13 CpG 

sites. 

Pyrosequ

encing, 

methylat

ed CpG 

island 

amplifica

tion. 

Yes. MINT1 methylation 

significantly higher in 

primaries of 

synchronous group P = 

0.0121. 

No differences between 

the rest of the CpG 

sites.  

--- 3b 

Miyaga

wa S 
200

 

2004 70 None. CD83 IHC, 

western 

blot 

No.  Metachronous group 

had a significantly 

higher CD83 positive 

cell P = 0.0313. 

3b 

Inokuch

i M 
201

 

2004 23 None. TS, DPD, 

OPRT, TP 

and UP 

genes 

RT-PCR No.  Same level of 

expression of all five 

genes P = 0.74. 

4 

Petrows

ky H 
202

 

2001 41 None. Ki-67 IHC No.  No significant 

difference in expression 

of Ki-67. 

4 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method 

of 

analysis 

Controls Molecular markers 

findings in primaries 

Molecular markers 

findings in colorectal 

liver metastases 

CEBM 

Pantale

o MA 
203 

 

2008 18 None. EGFR, 

COX-2 

Microarr

ay, RT-

PCR,  

Western 

Blot, 

ELISA 

No.  EGFR was 

overexpressed in 

metachronous group P 

= 0.046.   

COX-2 gene was over 

expressed in 

synchronous group P = 

0.012. 

4 

Nakamo

to RH 
204

 

2007 44 None. VEGF-A, 

VEGF-C, 

COX-2, 

TP, 

CD34(MV

D) 

IHC No.  No difference in 

expression of any of the 

markers P = 0.572, 

0.136, 0.105, 0.954, 

0.966. 

4 

Chen J
 

205
 

2010 44 None. c-erbB-2, 

VEGF 

IHC No.  No significant 

difference in c-erbB-2 

or VEGF P = 0.786, 

0.837. 

4 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method 

of 

analysis 

Controls Molecular markers 

findings in primaries 

Molecular markers 

findings in colorectal 

liver metastases 

CEBM 

Kochha

r R 
206

 

1997 87 None. Microsatel

lite 

instability 

and allelic 

imbalance  

PCR Yes.  No significant 

difference in allelic 

instability of 17p P = 

0.798. 

4 

Nanashi

ma A 
207

 

2009 139 None. CD34 IHC Yes.  No significant 

difference in CD34 P = 

0.12. 

4 

Kahlert 

C
 208

 

2011 30 None. ZEB2 IHC Yes.  No significant 

difference in expression 

of ZEB2 at tumour 

centre or invasion front 

P = 0.34, 0.16. 

3b 
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Author Year Cases Definition of 

synchronous/

metachronous 

Molecular 

markers 

assessed 

Method 

of 

analysis 

Controls Molecular 

markers findings 

in primaries 

Molecular markers findings 

in colorectal liver 

metastases 

CEBM 

Van der 

Wal GE 
209

 

2012 29 Synchronous- 

detected at 

time of 

primary 

resection. 

Late 

synchronous- 3 

and 12 months 

post diagnosis,  

Metachronous 

> 12 months. 

CD31, 

HIF-1α, 

VEGF-A, 

VEGFR-

1/2, 

PLGF, 

Angiopoie

tins. 

RT-PCR, 

IHC 

Yes.  No significant difference in 

CD31, VEGF-A, VEGFR-

1/2, HIF-1α and 

Angiopoietins.  

VEGF-A, VEGFR-1, PLGF 

were significantly higher in 

the adjacent liver parenchyma 

of the early synchronous 

group compared to the 

adjacent liver parenchyma of 

the metachronous group P < 

0.05.   

Significantly higher 

Angiopoietin-2/Angiopoietin-

1 ratio in early synchronous 

metastases and adjacent 

parenchyma compared to the 

metastases and adjacent 

parenchyma in the late 

synchronous and 

metachronous groups P < 

0.05. 

3b 
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4.6 DISCUSSION 

This study highlighted that the quality of the majority of the studies were rarely 

validated by further studies and in general semi-quantative methods were used to 

analyse the biomarker expression levels (Tables IX-X).  In addition, the overall 

quality of the studies included in the review was poor. Controls were not used in nine 

studies, a Newcastle-Ottawa score of five or more was only achieved in eleven studies 

and small sample sizes were frequently used. Due to the large variation in the 

different markers being assessed as well as the number of groups being compared, it 

was decided to keep all the studies in the review to provide a better overview of the 

work having so far been performed. Due to the small number of studies reporting 

patient demographics or tumour characteristics, any meaningful comparison of these 

variables between the two groups was not useful and was thus not undertaken. 

Furthermore, as previously reported by other authors; very few of the included studies 

defined what constituted either a ‘metachronous’ or ‘synchronous’ presentation with 

regards to the time interval from the diagnosis of the primary colorectal cancer 

primary (Table IX-X).
1,210

 This lack of a homogenous definition does decrease the 

strength of any general conclusions that one can draw from the interpretation of the 

comparative findings.  

4.6.1 COMPARISON OF MOLECULAR MARKER EXPRESSION BETWEEN 

COLORECTAL LIVER METASTASES AND THEIR RESPECTIVE 

COLORECTAL CANCER PRIMARIES 

In the introduction it was explained that the development of colorectal cancer liver 

metastases has not been elucidated and is clearly a complex process.
211-212

  A stepwise 

progression of colorectal liver metastases development is an oversimplification of the 

process which is not necessarily sequential and can occur initially and again during 
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the ‘seeding’ of the liver and includes: proteolysis, adhesion, immunological evasion, 

invasion, angiogenesis, vascular dissemination, migration, inflammatory response, 

cell survival and growth. It is thought that a ‘subpopulation’ of cancer cells within the 

primary tumour ‘evolve’ and develop the ability to metastasise.
176

 It is also recognised 

that colorectal liver metastases can exhibit biological differences to their matched 

primary colorectal cancer tumours as a result of the micro-environment of the liver 

and the genetic alterations required for the tumour cells to survive the different steps 

of metastatic development.
176,213

 

p27 is a from a family of cyclin-dependent kinase inhibitors that play an important 

role in the regulation of the cell cycle in both normal and cancerous cells and may 

also be involved in cell adhesion and apoptosis.
180

 In addition, reduced expression of 

p27 has been demonstrated to correlate with advanced stages of colorectal 

cancer.
180,214

 Although the p27 mRNA levels were similar in metachronous and 

synchronous colorectal liver metastases compared to their respective primaries, it was 

found that there was a reduced expression of p27 on immunohistochemistry in the 

metachronous colorectal liver metastases compared to their primaries. Suggesting that 

there was a ‘post-translational’ degradation of the protein in the metachronous 

metastases. This finding may indicate that there is a different biological pathway in 

the development of metachronous colorectal liver metastases compared to 

synchronous colorectal liver metastases. However, this finding has not been validated 

in further studies.  

Cyclin E is a G1 cyclin that is involved in cell proliferation by allowing cells to enter 

the synthesis phase from G1 during the cell cycle.
192

 Although it is thought to play a 

role in carcinogenesis, little is known about its role in the development of colorectal 

liver metastases.
192

 The expression of cyclin E was significantly reduced in the liver 
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metastases of the synchronous group.
192

 It is thought that this finding is due to the 

liver microenvironment resulting in a reduced rate of proliferation of the colorectal 

liver metastases compared to the primaries.
192

 However, only ten synchronous 

colorectal liver metastases were assessed and thus this finding could be as a result of a 

type one error.  

Thymidylate synthase (TS) and excision repair cross-complementing factor 1 

(ERCC1) levels are useful in predicting the response of colorectal liver metastases to 

FOLFOX chemotherapy as thymidylate synthase is the target of 5-fluorouracil (5-FU) 

and ERCC1 confers the tumour cells the ability to repair platinum related DNA 

damage.
179,201 

Kobayashi H et al, demonstrated that there was no quantitative 

difference in the expression of TS and ERCC1 between the colorectal liver metastases 

and their respective primaries in the synchronous group.
179

 Conversely, the expression 

levels of both TS and ERCC1 were found to be significantly higher in the metastases 

of the metachronous group compared to their matched colorectal cancer primaries.
179 

Although the sample size investigated was small, this finding would suggest that there 

is a difference in biology between the synchronous and metachronous colorectal liver 

metastases. Kobayashi H et al, postulated that this difference in expression could be 

as a result of the use of adjuvant therapy in the metachronous group or could indeed 

relate to a different tumour biology between the two groups.
179

 

Chemokine receptor activation can lead to the growth, adhesion and migration of cells 

in normal physiological circumstances such as haematopoiesis.
184,188 

The expression 

of chemokine receptors in colorectal cancer cells has led to the belief that they play an 

important role in the development of colorectal cancer metastases.
188,184,211

 The 

expression level of the chemokine receptor CCR6 was decreased in the colorectal 

liver metastases of the synchronous group compared to their matched primaries.
184
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The ligand (CCL20) for CCR6 is found predominantly in the periportal area of the 

liver, and it is thus hypothesised that this may be one of the mechanisms by which the 

colorectal cancer cells metastasize to the liver.
177,184 

The reduced expression of CCR6 

found in the synchronous colorectal liver metastases was probably as a result of 

ligand binding and the subsequent degradation of the chemokine receptors.
184

 CXCR4 

is the most commonly expressed chemokine in colorectal cancer whilst its ligand is 

highly expressed in normal liver parenchyma and has been demonstrated in murine 

models to have an important role in the growth of colorectal cancer liver 

metastases.
188,211,215

 This was substantiated by the fact that the expression of CXCR4 

was found to be significantly elevated in the liver metastases of the synchronous 

group compared to their respective colorectal cancer primaries.
188

 The liver has a 

naturally high expression of the CXCR4 receptor ligand (CXCL12) and it is thus 

thought that colorectal cancer cells with an increased expression of CXCR4 may have 

an increased ability to metastasise to the liver by a ‘homing’ mechanism.
188

 

Chemokine expression seems to be mainly related to the ‘homing’ mechanism in the 

development of colorectal liver metastases and it is likely that similar findings would 

be found in the metachronous group. There were, however, no studies in the literature 

that had specifically assessed chemokines in this subgroup of patients. 

Vascular endothelial growth factor (VEGF) is an angiogenic factor involved in the 

‘cell migration, proliferation, invasion’ and neovascularisation processes in tumour 

genesis and is recognised to play an important role in the growth of both primary and 

metastatic colorectal cancer tumours.
176,191,195,211,215 Using immunohistochemistry, 

Kim YW et al demonstrated that the expression of VEGF was significantly increased 

in the colorectal liver metastases of the synchronous group compared to their 

colorectal cancer primaries.
191 

The increased expression of VEGF suggests that it may 



 167 

play an important role in the progression of synchronous colorectal liver metastases 

and perhaps relates to the aggressive clinical characteristics of synchronous colorectal 

liver metastases when compared to metachronous colorectal liver metastases.  

Insulin Receptor Substrate 1 (Irs1), has been recently recognised as playing a role in 

the β-catenin signalling pathway and as such is considered to participate in colorectal 

cancer progression.
193,216

 The colorectal liver metastases in the synchronous group 

had a significantly higher expression of Irs1 which would suggest a possible role in 

the development of colorectal liver metastases.
193

  

Focal adhesion kinase (FAK) is associated with the focal adhesion complex following 

attachment of cells to the extra-cellular matrix, it is a tyrosine kinase which is 

phosphorylated by Src and is involved in ‘integrin-stimulated’ cell migration and is 

thought to play a role in metastatic adenocarcinomas.
189,211

 The expression of FAK 

was reported as being lower in the liver metastases of the synchronous group 

compared to their colorectal cancer primaries.
189

 Despite the small sample size of 

patients assessed in this study, it may denote that a reduced motility of the metastatic 

cells confers an advantage once the metastatic colorectal cancer cells are established 

in the liver.  

Interestingly, several of the studies reviewed did not demonstrate any difference in 

expression between the colorectal liver metastases and their respective primary 

tumours. Epidermal growth factor receptor (EGFR) is a member of the receptor 

tyrosine kinase family and is overexpressed in seventy-seven per cent of colorectal 

cancers and plays an important role in the progression and metastatic potential of 

advanced colorectal cancers.
217-218

 It is the basis of monoclonal antibody therapy 

(Cetuximab) that has been demonstrated to improve survival in patients with 
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colorectal liver metastases.
217-219 

In addition, the level of ligand expression for EGFR 

has been shown to correlate with the development of colorectal liver metastases.
220

 

The expression of EGFR ligands in the primary colorectal cancer tumours in one of 

the reviewed studies were demonstrated to correlate with their respective liver 

metastases in both the metachronous and synchronous groups (Table IX).
182

 In 

addition, studies assessing genetic aberrations and protein expression profile in the 

synchronous group did not demonstrate any significant differences between the 

primaries and their respective colorectal liver metastases (Table X). This would 

suggest that some of changes required for metastatic progression occur at a primary 

level and are maintained at a metastatic level. This seems to confirm the hypothesis 

that the metastatic genetic profile arises in the primary tumour and ‘is maintained in 

the distant metastases’.221  

 

4.6.2 MOLECULAR MARKER EXPRESSION IN THE SYNCHRONOUS 

GROUP COMPARED TO THE METACHRONOUS GROUP 

It was hypothesised that the expression of molecular markers in the colorectal cancer 

primaries of the two groups would be different in view of the known clinico-

pathological differences that exist between synchronous and metachronous colorectal 

liver metastases. However, the majority of the studies in this review demonstrated no 

differences in expression. The limited number of studies comparing the primary 

tumours between the two groups as well as the limited number of molecular markers 

assessed means that it is not possible at this stage to draw any conclusions regarding 

any biological differences between the two sets of primary tumours.  

Cyclooxygenase-2 (COX-2) induces cell proliferation, inhibits apoptosis, modulates 

angiogenesis and is thought to play an important role in colorectal cancer metastatic 
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development.
203-204,222-223 In addition, COX-2 has been demonstrated to be up-

regulated in colorectal adenocarcinomas and correlates with colorectal cancer 

progression and the presence of colorectal liver metastases.
220,222 Using 

immunohistochemistry, Nakamato and colleagues demonstrated no difference in the 

expression of COX-2 between the two groups.
204

 In contrast, Pantaleo et al using 

reverse transcription polymerase chain reaction (RT-PCR) demonstrated that the 

expression of the COX-2 gene was elevated in the colorectal liver metastases of the 

synchronous group.
203

 Interestingly, Pantaleo et al, demonstrated using RT-PCR and 

enzyme-linked immunosorbent assay that EGFR was significantly overexpressed in 

metachronous group.
203

 Another study, however, using immunohistochemistry found 

no difference in the expression of EGFR between the two groups.
194 A direct 

comparison of the findings between the studies assessing COX-2 and EGFR using 

immunohistochemistry and RT-PCR cannot be made due to the different laboratory 

techniques used. Pantaleo et al’s findings, however, are important as they would 

imply that the synchronous group represent a different biological entity to the 

metachronous group.
203 Albeit interesting, these findings cannot be interpreted as 

significant without further validation.  

Transforming growth factor-α (TGF-α) is known to be involved in hepatocyte 

proliferation as well as being involved in colorectal cancer tumour genesis. The 

expression of TGF-α was demonstrated to be higher in the liver metastases of the 

synchronous group compared to the liver metastases of the metachronous group, this 

difference was not significant but it lends support to the notion that a biological 

difference exists between the two groups.
194

  

An important aspect in the development of colorectal liver metastases is the ability of 

metastatic cancer cells to evade the host immunological responses during the 
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migration phase and during the invasion of the liver parenchyma. The innate 

immunological response has been demonstrated to play a pivotal role in preventing 

the development of colorectal liver metastases. In particular, mature dendritic cells 

have been shown to increase in number in response to the presence of colorectal liver 

metastases with a resulting reduced rate of growth of the liver metastases.
224

 One 

study demonstrated that the metastases in the metachronous group were found to have 

a significantly higher number of mature dendritic cells.
200 

This finding would suggest 

that both groups of metastases elicit a different immunological response and may 

explain the difference in the clinical characteristics between the two groups.
200 

It has been demonstrated in a recent study, that a primary tumour in situ in the 

synchronous group resulted in a higher Ang-1/Ang-2 ratio in the liver metastases 

compared to either a synchronous group with their primary tumour resected or the 

metachronous group.
209

 In addition, that a significantly higher expression level of 

angiogenic factors including VEGF was found in the adjacent liver parenchyma of the 

synchronous group with their primary in situ.
209

 One can infer from those findings 

that the primary tumour influences the progression of colorectal liver metastases by 

creating a ‘permissive soil’ for the metastases to proliferate. These results suggest that 

any differences demonstrated between the metastases of the synchronous and the 

metachronous groups are related to the absence or presence of the primary tumour. 
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4.7 CONCLUSION 

The findings of this review confirm that both synchronous and metachronous 

colorectal liver metastases ‘evolve’ and exhibit different biological characteristics to 

their respective colorectal cancer primaries. Although the reported results in the 

literature are conflicting, the findings suggest that biological differences consistent 

with the clinically more aggressive nature of synchronous colorectal liver metastases 

do exist between the liver metastases of the synchronous and metachronous groups. 

There is currently not enough available evidence to determine whether these 

differences are as a result of the host immunological response or denote that 

synchronous or metachronous colorectal liver metastases represent different tumour 

subtypes. Determining whether these two groups of patients have biologically distinct 

metastases is crucial as it could improve and ‘tailor’ current oncological management 

according to the timing of the liver metastases presentation. One of the unanswered 

questions arising from this review is whether any differences seen between the 

metastases of the two groups are also present within the primary colorectal cancer 

tumours. Detectable differences between the primary tumours of both groups of 

patients would have important clinical ramifications at a pre-operative biopsy stage as 

well as in routine pre- and post-operative surveillance. It is clear from the review of 

the evidence that important changes occur within the primary colorectal cancer and 

are maintained throughout the metastatic cascade. Furthermore, recent evidence raises 

the possibility that the presence of the primary tumour in situ may have a direct 

influence on the biological characteristics of the colorectal liver metastases. This 

review has served to highlight that recent research has focused on investigating 

whether biological differences exist at a metastatic level and it is has thus not been 

possible to determine whether differences between the two groups occur within the 
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primary colorectal cancers.  Future research should include comparison of the 

colorectal cancer primaries between the two groups of patients. 
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5 THE RADIOLOGICAL PRIMARY TUMOUR 

CHARACTERISTICS ASSOCIATED WITH 

SYNCHRONOUS COLORECTAL LIVER METASTASES. 

5.1 INTRODUCTION 

In Chapter Four, it was demonstrated that there were possible biological differences 

between the colorectal liver metastases of patients in the synchronous and 

metachronous groups. However, regrettably, there were too few studies to determine 

whether those differences were present between the primary colorectal cancer 

tumours of the patients in the synchronous and metachronous groups. At the time of 

writing this thesis, no studies have specifically compared the radiological 

characteristics of primary colorectal cancers between the synchronous and 

metachronous groups of patients. It is clear that if there were demonstrable 

differences that were clinically detectable between the two groups of patients it would 

have important clinical ramifications with regards to both pre-operative and post-

operative surveillance.  
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5.2 HYPOTHESIS 

The radiological characteristics of primary tumours associated with synchronous 

colorectal liver metastases are distinct to those of patients with metachronous 

colorectal liver metastases. 

5.3 AIM 

To determine whether the radiological characteristics of primary colorectal cancer 

primaries differ between patients from the synchronous and metachronous groups. 
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5.4 MATERIALS AND METHODS 

Patients referred with colorectal liver metastases between 2005 and 2010 were 

identified from a database that had been developed for the study in Chapter Six. 

Patients were included in the study if they met the following inclusion criteria: 1) 

patients had synchronous colorectal liver metastases or; 2) patients had metachronous 

colorectal liver metastases. Patients were excluded from the study if: 1) the baseline 

radiological characteristics of the primary tumour were not available; 2) extra-hepatic 

metastases were present at diagnosis in patients with synchronous colorectal liver 

metastases. The clinical coding department was used to generate a list of patients 

referred with colorectal cancer to the Royal Marsden Hospital from 2005 onwards. A 

control group of patients was created by including patients who had not developed 

colorectal liver metastases after five years of follow up.  

5.4.1 DATA COLLECTION AND IMAGE ANALYSIS 

MRI or CT imaging was used to assess the radiological characteristics of the primary 

tumour. The extent of tumour infiltration, the presence of extra-mural venous invasion 

(EMVI) and length of the primary tumour were assessed. On MRI imaging the 

presence of EMVI was determined by any of the following features: signs of 

‘tortuous’ vascular structures in the mesorectum/mesocolon, nodularity at the tumour 

margin which is associated with EMVI, the presence of tumour intensity in vessels 

close to the tumour and ‘low-signal-intensity’ vessels or an increase in vessel 

calibre.
[225]  On CT imaging, any of the following signs were considered to be 

consistent with the presence of EMVI: ‘nodular spread into small vessels or definite 

enhancing tumour spread along a large vein’.
[226]

 The T stage was staged according to 

the TNM classification. In particular, the T3 stage was sub-classified into four distinct 

sub-groups: T3a- the tumour extends < 1 mm beyond the muscularis propria, T3b- the 
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tumour extends 1–5 mm beyond the muscularis propria, T3c-the tumour extends > 5–

15 mm beyond the muscularis propria and T3d where the tumour extends > 15 mm 

beyond the muscularis propria.
[227]

 Where the baseline scans were not available then 

the radiological reports were used to provide the radiological data. All the data 

collected was anonymised and entered into an electronic database (Microsoft Excel. 

Redmond, Washington: Microsoft, 2010. Computer Software). The following data 

items were collected: demographic data, site of primary tumour, date of the primary 

and colorectal liver metastases diagnosis, pre-treatment CEA, date and type of 

primary tumour resection, date and type of liver resection, primary tumour histo-

pathology including TNM status and EMVI status.  
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5.5 ENDPOINTS 

 

1) The primary endpoint of this study was to compare the radiological 

characteristics of primary tumours between patients of the synchronous and 

metachronous groups. 

2) The secondary endpoints of this study were to: 

a. To compare the radiological characteristics of primary tumours 

associated with synchronous colorectal liver metastases to the primary 

tumours of patients without colorectal liver metastases. 

b. Determine primary tumour radiological predictors of the presence of 

synchronous colorectal liver metastases. 
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5.6 STATISTICAL ANALYSIS 

The statistical software package SPSS version 21.0 (SPSS, Chicago, Illinois, USA) 

was used to perform the statistical analysis. The study was conducted according to the 

STROBE guidelines.
173

 Continuous data was explored for distribution; normally 

distributed data was presented as a mean with associated 95% confidence intervals. 

Differences between the groups were compared using the one-way ANOVA test. The 

Chi
2
 test and the Fisher exact test were used to compare categorical data. The Z-test 

was used to compare column proportions between the groups. A univariate binary 

logistic regression was undertaken to determine the risk factors associated with 

synchronous colorectal liver metastases. Goodness of fit was assessed using the 

Hosmer-Lemeshow statistic. Odd ratios with 95% confidence intervals were 

generated for each variable. Factors found to be have a p-value ≤  0.1 in the univariate 

model were entered into the multivariate analysis. 
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5.7 RESULTS 

5.7.1 PARTICIPANTS 

A total of 301 patients with colorectal liver metastases were referred to the institution 

where this study was undertaken between 2005 and 2010. After exclusions, 143 

(82%) patients with synchronous colorectal liver metastases and 32 (18%) patients 

with metachronous colorectal liver metastases were included.  The control group 

consisted of 119 patients without liver metastases after five years of follow up. The 

gender ratio was 96M:47F in the synchronous group, 18M:14F in the metachronous 

group and 60M:59F in the control group (P = 0.022). The mean age was 64.41 in the 

synchronous group, 63.13 in the metachronous group and 63.27 in the control group 

(P = 0.71). 

5.7.2 RADIOLOGICAL AND HISTOLOGICAL CHARACTERISTICS 

There was no significant difference in the site of the primary tumour between the 

three groups of patients (Table XI). In the synchronous group 138 (96.5%) patients 

had radiological T3-4 staged primary tumours compared to 26 (86.7%) and 92 

(82.9%) patients in the metachronous and control groups respectively (P = 0.001). 

The synchronous group was found a to have a significantly greater proportion of 

radiological EMVI positive primary tumours in comparison to the metachronous and 

control groups respectively (P < 0.001). In the synchronous group 76 (80.9%) 

patients had radiological T3c-d staged primary tumours compared to 18 (46.2%) 

patients in the control group (P < 0.001). The proportion of patients with T3c-d 

radiological disease in the metachronous group (69.2%) was lower than the 

synchronous group but did not achieve significance when compared to either the 

synchronous or the control groups (Table XI).  The proportion of patients with 

radiological four or more regional lymph nodes was significantly greater in patients 
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with synchronous colorectal liver metastases compared to the control group (P = 

0.001). The proportion of patients with radiological four or more regional lymph 

nodes was found to be lower in the metachronous group but did not achieve 

significance when compared to either the synchronous or control groups (Table XI).  

Primary tumour histology demonstrated that the synchronous group had a 

significantly greater proportion of T3-4 (P < 0.001) and N2 disease (P = 0.003) when 

compared to the control group. The proportion of patients with histological T3-4 or 

N2 disease in the metachronous group was lower than in the synchronous group but 

did not achieve significance when compared to either the control group or the 

synchronous group (Table XI). Histologically, the synchronous group was found to 

have a significantly higher proportion of EMVI than either the metachronous or the 

control groups respectively (P < 0.001). It was found that the synchronous liver 

metastases were more often multiple (P = 0.007), greater in size (P = 0.03) and 

bilobar in distribution (P = 0.003) when compared to the metachronous group (Table 

XI). 
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TABLE XI: DEMOGRAPHIC AND CLINICO-PATHOLOGICAL CHARACTERISTICS OF THE PATIENT GROUPS. 

Variable Synchronous Group Metachronous Group Control Group P-Value 

Gender 96M:47F
a
 18M:14F

a,b
 60M:59F

b
 0.022 

Age, mean years, (95% CI) 64.41 (62.33-66.50) 63.13 (60.12-66.13) 63.27 (61.07-65.48) 0.71 

Primary tumour site:     

Colon 80 (55.9) 19 (59.4) 57 (47.9) 0.32 

Rectum 63 (44.1) 13 (40.6) 62 (52.1)  

Radiological T-stage:     

T1-2 5 (3.5)
a
 4 (13.3)

b
 19 (17.1)

b
 0.001 

T3-4 138 (96.5)
a
 26 (86.7)

b
 92 (82.9)

b
  

Radiological T3-stage     

T3a-b 18 (19.1)
a
 4 (30.8)

a,b
 21 (53.8)

b
 <0.001 

T3c-d 76 (80.9)
a
 9 (69.2)

a,b
 18 (46.2)

b
  

Radiological lymph node status     

N0 31 (25.2)
a
 12 (40.0)

a,b
 45 (38.1)

b
 0.001 

N1 41 (33.3)
a
 8 (26.7)

a
 53 (44.9)

a
  

N2 51 (41.5)
a
 10 (33.3)

a
 20 (16.9)

b
  

Radiological EMVI status     

EMVI +ve 120 (88.9)
a
 13 (61.9)

b
 32 (52.5)

b
 <0.001 

EMVI -ve 15 (11.1)
a
 8 (38.1)

b
 29 (47.5)

b
  

Primary tumour length     

≤ 40 millimetres 46 (35.7) 8 (40.0) 21 (33.3) 0.86 

> 40 millimetres 83 (64.3) 12 (60.0) 42 (66.7)  

Histopathology     

T-stage:     

T1-2 2 (2.3)
a
 3 (9.7)

a,b
 23 (23.2)

b
 <0.001 

T3-4 85 (97.7)
a
 28 (90.3)

a,b
 76 (76.8)

b
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Variable Synchronous Group Metachronous Group Control Group P-Value 

Lymph node status:     

N0 21 (24.1)
a
 14 (45.2)

a, b
 49 (50.5)

b
 0.003 

N1 35 (40.2)
a
 10 (32.3)

a
 32 (33.0)

a
  

N2 31 (35.6)
a
 7   (22.6)

a, b
 16 (16.5)

b
  

EMVI status     

EMVI +ve 53 (63.9)
a
 10 (37.0)

b
 24 (28.6)

b
 <0.001 

EMVI -ve 30 (36.1)
a
 17 (63.0)

b
 60 (71.4)

b
  

Radiological metastatic characteristics     

Number of liver metastases:     

Solitary 48 (33.6) 19 (59.4) -- 0.007 

Multiple 95 (66.4) 13 (40.6) --  

Size of liver metastases:     

≤ 50 millimetres 72 (50.7) 23 (71.9) -- 0.03 

> 50 millimetres 70 (49.3) 9 (28.1) --  

Distribution of metastases:     

Unilobar 56 (39.4) 22 (68.8) -- 0.003 

Bilobar 86 (60.6) 10 (31.3) --  
Each subscript letter denotes a subset of Synchronous CLM categories whose column proportions do not differ significantly from each other at P < .05 level. 
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5.7.3  RADIOLOGICAL PREDICTIVE VARIABLES OF SYNCHRONOUS 

COLORECTAL LIVER METASTASES 

The univariate analysis demonstrated that both the site of the primary tumour (colon 

versus rectum) and the primary tumour length were not significant predictors of 

synchronous disease (Table XII). The radiological ‘T’ stage of the primary tumour 

was found to be a significant predictor of synchronous disease on univariate analysis 

for T3 disease (P = 0.02, OR 5.00; 90% CI 1.82-13.65) and T4 disease (P = 0.01, OR 

7.00; 2.33-21.05). Radiological N2 lymph node status was found to be a significant 

predictor of synchronous disease on univariate analysis (P < 0.001, OR 3.13; 90% CI 

1.67-5.86). Positive extra-mural venous invasion status was found to be a significant 

predictor of synchronous disease (P < 0.001, OR 6.58; 90% CI 3.30-13.13). On 

multivariate analysis (Table XII), the only significant predictor of synchronous 

disease was the presence of extra-mural venous invasion (P < 0.001, OR 4.74; 90% 

CI 2.06-11.00). 

 

 

 

 

 

 

 

 

 



 184 

 

TABLE XII: UNIVARIATE AND MULTIVARIATE LOGISTIC BINARY REGRESSION MODEL FOR RADIOLOGICAL PREDICTORS OF 

SYNCHRONOUS DISEASE. 

Variable Univariable 

Odds Ratio (95% CI) 

P Multivariable 

Odds Ratio (95% CI) 

P 

Site of primary tumour Colon 

Rectum 

 

1.25 (0.80-2.00) 

Ref 

 

0.34 

 

-- 

 

-- 

Radiological T-stage 

T1/T2 

T3 

T4 

 

Ref  

5.00 (1.82-13.65) 

7.00 (2.33-21.05) 

 

 

0.02 

0.01 

 

Ref 

2.32 (0.65-8.34) 

3.72 (0.84-16.43) 

 

 

0.20 

0.083 

Radiological primary tumour length 

 

 

1.00 (0.98-1.01) 

 

 

0.43 

 

-- 

 

-- 

Radiological EMVI status 

EMVI positive 

EMVI negative 

 

6.58 (3.30-13.13) 

Ref 

 

<0.001 

 

4.74 (2.06-11.00) 

Ref 

 

<0.001 

Radiological lymph node status 

N0 

N1 

N2 

 

Ref 

1.24 (0.69-2.23) 

3.13 (1.67-5.86) 

 

 

0.48 

<0.001 

 

Ref 

0.70 (0.31-1.56) 

1.08 (0.46-2.55) 

 

 

0.40 

0.87 
Odds Ratio  < 1.0 -  reduced risk of progressive disease, > 1.0 - increased risk of progressive disease. 
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5.8 DISCUSSION  

At the time of writing this thesis, this study represents a novel study being the first to 

compare the radiological characteristics of primary colorectal cancer tumours between 

patients in the synchronous and the metachronous groups. To date, there have been 

six studies that have compared the histological characteristics of the primary tumours 

from each group.
31,157,228-231

 In the current study, no difference in gender ratio was 

found between the synchronous and metachronous groups which is in accordance 

with previous studies.
57,157,228-231,31,229

 Moreover, there was a significantly higher 

proportion of males in the synchronous group when compared to the control group 

which is consistent with population studies.
5-6 

No difference in age was demonstrated 

between any of the groups compared. This finding is consistent with the majority of 

studies in the literature.
57,157,229-231 

In addition, there was no significant difference in 

the site of the primary tumour between the synchronous and metachronous groups 

which is similar to the findings of the majority of reported studies.
57,157,228,230-231

 
 

In accordance with the majority of reported studies comparing the metastatic 

characteristics of both groups of patients, including the largest study to date by 

Dexiang and colleagues
53

, the results of this study demonstrated that the radiological 

characteristics of synchronous colorectal liver metastases exhibited significantly more 

aggressive traits in terms of number, size and distribution of the metastases compared 

to the metachronous group.
57,228-229

 The results from the studies that have compared 

the primary tumour histology between the synchronous and metachronous groups is 

conflicting. Out of the six studies, the largest two studies which investigated 272 and 

550 patients respectively demonstrated that the primary tumours in the synchronous 

group had a greater proportion of advanced tumours with regards to the histological 

T- stage and lymph node status when compared to the metachronous group.
31,229

 Only 
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one of those aforementioned studies compared the metastatic characteristics between 

the two groups and demonstrated an increased number of liver metastases as well as a 

greater rate of bilobar distribution of the colorectal liver metastases in the 

synchronous group.
229

 In addition, one small study of 108 patients demonstrated that 

an increased proportion of patients in the metachronous group had vascular invasion 

compared to the synchronous group but demonstrated no differences with regards to 

T-stage or lymph node status.
157

 These reported results support the hypothesis that 

there are clinico-pathological differences between the two groups of primaries. In 

contrast, however, three small studies with sample sizes ranging from 107 to 202 

patients failed to demonstrate any differences in terms of T-stage, tumour size or 

nodal status between the synchronous and metachronous groups.
228,230-231

 Only one of 

those aforementioned studies compared venous involvement and did not demonstrate 

a significant difference.
231

 The results of this study would support the hypothesis that 

the primary tumours of the synchronous and metachronous groups exhibit 

radiological differences. The findings of this study are consistent with the larger 

reported comparative histological studies in the literature demonstrating an increased 

proportion of primary colorectal cancers with radiological features of locally 

advanced disease including a greater proportion of T3-T4 disease as well as the 

presence of EMVI in the synchronous group compared to the metachronous group. 

There was a clear trend with regards to the radiological nodal disease in the 

synchronous group with a higher proportion of patients with four or more regional 

lymph nodes seen in comparison with the metachronous group. The lack of 

significance for this result could be as a result of the small sample of patients with 

metachronous disease in this study.  
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As one would expect, the synchronous group was demonstrated to have more 

advanced primary tumours with regards to both radiological and histological: T-stage, 

nodal status and extra-mural venous invasion when compared to the control group. 

The univariate analysis demonstrated that radiological primary tumour characteristics 

suggestive of advanced disease including the depth of tumour infiltration (T3/T4), 

presence of four or more regional lymph nodes and the presence of extra-mural 

venous disease were all associated with synchronous colorectal liver metastases.  The 

multivariate analysis demonstrated that extra-mural venous invasion of the primary 

tumour is a significant predictor of the presence of synchronous colorectal liver 

metastases. This is supported by two large retrospective series assessing rectal cancers 

using high resolution MRI staging that both demonstrated that the presence of EMVI 

correlated with the presence of synchronous metastases.
232,233

 Furthermore, these 

results are consistent with a population study of 42, 263 colorectal cancer patients 

undertaken by Mantke et al.
6
 This aforementioned study, demonstrated on both 

univariate and multivariate analysis that the findings of positive lymph node status, 

depth of tumour infiltration (T3/T4) and venous involvement on histology were all 

independent predictors of synchronous colorectal liver metastases for both rectal and 

colonic primary tumours.
6
 Indeed, Mantke and colleagues estimate that twenty to 

thirty per cent of patients with venous involvement will be found to have synchronous 

disease.
6
  

It is thought that EVMI increases the risk of the haematogenous spread of malignant 

cells both whilst the primary is in-situ as well as during surgery.
234

 The presence of 

histological venous invasion and its association with colorectal liver metastases is 

well established. In a seminal study at St Mark’s hospital, it was demonstrated that 

forty-seven per cent of rectal cancers with visible venous invasion had synchronous 
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metastases the majority being hepatic compared to twenty-seven per cent of rectal 

cancers with no visible venous invasion.
235

 Two further studies demonstrated rates of 

EMVI of between seventy to eighty-three per cent in the colorectal primaries of 

patients with synchronous colorectal liver metastases.
234,236

 In a recent study the 

incidence of EMVI was also found to be elevated in the colorectal cancer primaries of 

patients who subsequently developed metachronous metastases.
237

 Currently there 

have only been two histological studies that have specifically compared the rates of 

EMVI in colorectal cancer primaries of patients with synchronous and metachronous 

hepatic metastases.
238-239

 Neither demonstrated any significant differences in the 

histological expression of EMVI between the synchronous and metachronous 

groups.
238-239

 It is clear from this study that the limited number of patients with 

metachronous colorectal liver metastases precludes any conclusions regarding 

whether the presence of EMVI can distinguish between synchronous and 

metachronous disease.  

The primary objective of this study was to determine whether there were significant 

radiological differences between the primary tumours of patients with synchronous 

colorectal liver metastases and patients with metachronous colorectal liver metastases. 

However, after exclusions only eighteen per cent of the patients with colorectal liver 

metastases were found to have a metachronous presentation. This regrettably, limits 

the interpretation of the comparative findings between the two groups. This was, 

however, a rather unexpected finding particularly as the reported incidence of 

metachronous and synchronous colorectal liver metastases in previous studies has 

been reported as similar.
5,240 

The incidence rate seen in this study of synchronous 

colorectal liver metastases probably reflects an increased detection rate as a result of 

the widespread establishment of rigorous post-operative surveillance of colorectal 
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cancer patients in the United Kingdom as well as improved imaging techniques. This 

would lend credence to the concept that metachronous colorectal liver metastases are 

in fact indolent lesions that have not been detected at an earlier stage.
32  

This study has 

clinical implications as the findings suggest that the presence of radiological EMVI is 

a predictor of the development or the presence of synchronous colorectal liver 

metastases.  It maybe that the frequency of imaging surveillance may need to be 

increased in the presence of pre-operative colonic or rectal EMVI. It clearly suggests 

that any equivocal liver lesions on a background of radiological EMVI should be 

carefully characterized to exclude liver metastases before proceeding with surgery. 

The interpretation of this study’s findings, are limited due to the exploratory nature of 

the study as well as the small sample size of patients with metachronous disease. A 

multi-centre study should be undertaken to acquire a larger sample size and to 

develop a predictive model for the presence of synchronous colorectal liver 

metastases. 
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5.9 CONCLUSION 

This study confirms that the radiological features of advanced primary colorectal 

cancers including T3 and T4 disease, more than four regional lymph node 

involvement and extra-mural venous invasion are associated with synchronous 

colorectal liver metastases. This study has demonstrated increased rates of 

radiological T3-4 disease and extra-mural venous invasion in patients with 

synchronous colorectal liver metastases when compared to the primary tumours of 

patients with metachronous colorectal liver metastases.  These findings would suggest 

that the primary tumours associated with synchronous colorectal liver metastases are 

biologically distinct from the primary tumours associated with metachronous 

colorectal liver metastases exhibiting radiological features consistent with more 

locally advanced disease. The presence of extra-mural venous invasion is an 

independent predictor of the presence or development of synchronous colorectal liver 

metastases confirmed on multivariate analysis. Its presence should result in an 

increased index of suspicion when assessing equivocal liver lesions during staging 

and may support an increased frequency of post-operative imaging surveillance. 

Whether the radiological features of primary tumours can differentiate between 

patients with synchronous colorectal liver metastases or patients who will develop 

metachronous disease remains underdetermined due to the exploratory nature of this 

study. A large multi-centre study will be required to validate the results of this study 

and to develop a predictive model for the presence of synchronous colorectal liver 

metastases. 
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FUTURE WORK  

The primary objective of this study was to determine whether radiological differences 

exist between the primary tumours of patients with synchronous and metachronous 

colorectal liver metastases respectively. Furthermore, the secondary objective was to 

determine whether the radiological primary tumour characteristics could be predictive 

of the presence or development of synchronous colorectal liver metastases. An ideal 

study would thus attempt to incorporate both of those aforementioned aims.  

Ideally the study would be prospective in nature. However, due to the length of follow 

up required to determine the metastatic status of a patient this would prove to be 

impractical. The study would thus have to be retrospective in nature and would follow 

the methodology as previously described. The main difference would be the sample 

size involved. If we consider that the ratio of patients with synchronous and 

metachronous disease would be similar to the findings of this study i.e four to one and 

that the proportion of EMVI would be eighty-nine and sixty-two per cent respectively. 

Then to find a significant difference between the two groups with a non-inferiority 

margin of twenty per cent, this would equate to a sample size of 328 with a power of 

eighty per cent and a p-value < 0.05 (http://powerandsamplesize.com/Calculators/).
 

For the purposes of the predictive modelling it would be reasonable to have an 

equivalent control sample of patients with no colorectal liver metastases at five years 

resulting in a total sample size of 656 patients. To achieve this sample size the study 

would have to be a multicentre study.  

To reduce the inherent biases associated with a retrospective study the primary 

tumour radiological reporting would need to be undertaken by two independent 

radiologists blinded to the metastatic status of the patient using a predefined reporting 

proforma. Kappa correlation would be undertaken to ensure inter-rater reliability 
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between the two reporting radiologists.  Further validation would be ensured by 

statistically comparing the radiological findings to the final reported histopathology of 

the primary tumour. In a similar manner to the radiological reporting this would need 

to be undertaken by two independent histopathologists blinded to the metastatic status 

of the patient with an inter-rater assessment.   

To assess the predictive ability of the primary tumour radiological characteristics, a 

logistic regression model would be developed as described in the methodology of the 

current study. This would be more robust due to the sample size used. The model 

would be assessed using a receiver operating characteristic curve and could be cross-

validated in a separate independent retrospective sample. 

In summary, the ideal study would be a prospective study but due to the length of 

follow up and sample size required this would not be practical. A more pragmatic 

approach would be to undertake a large retrospective multicentre study with the 

aforementioned safeguards to reduce the inherent biases of such a study. 
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6 THE EFFECT OF A PRIMARY TUMOUR RESECTION 

ON THE PROGRESSION OF SYNCHRONOUS 

COLORECTAL LIVER METASTASES INTRODUCTION 

 

6.1 INTRODUCTION 

In Chapter Four, some of the evidence from the systematic review suggested that the 

differences seen between synchronous and metachronous colorectal liver metastases 

could be as a result of the primary tumour being ‘in situ’ and providing a ‘permissive 

soil’ for the synchronous colorectal liver metastases. Determining the effect a primary 

tumour resection has on the growth of synchronous colorectal liver metastases could 

have important management repercussions. This is particularly the case, as the 

progression of patients’ hepatic metastases during treatment is a seen as a relative 

contra-indication to a liver resection.
67,159

 As discussed in Chapter Two and Chapter 

Three, the timing of the primary tumour resection in patients with synchronous 

colorectal liver metastases is contentious. One of the crucial debates that I have tried 

to elucidate in this thesis is whether ‘simultaneous’ resections result in similar 

oncological outcomes as the traditional ‘sequential’ resection. In Chapter Two and 

Three, I established that simultaneous resections for synchronous colorectal liver 

metastases appear to result in similar long-term outcomes as sequential resections. 

Determining what effect a primary tumour resection has on the progression of 

synchronous colorectal liver metastases would provide further support for either 

approach.  
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6.2 HYPOTHESIS 

An upfront primary tumour resection results in the decreased growth of synchronous 

colorectal liver metastases. 

6.3 AIM 

The aim of this exploratory study was to determine whether an upfront primary 

tumour resection affects the progression of synchronous colorectal liver metastases.  
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6.4 MATERIALS AND METHODS 

The study proposal was evaluated by the Royal Marsden Clinical Audit Committee 

and it was deemed that an ethics application was not required for this study. Patients 

with colorectal liver metastases referred between 2005 and 2010 were retrospectively 

identified from a prospectively updated Hepatobiliary multi-disciplinary meeting 

database. A review of the patients’ electronic patient records was undertaken to 

determine which patients met the inclusion criteria. Adult patients with synchronous 

colorectal metastases were included in the study if they met the following criteria: 1) 

patients with synchronous colorectal liver metastases referred for treatment; 2) 

patients had a (baseline) scan as well as three and six monthly scans and 3) scans had 

to be either consecutive computed tomography (CT) or magnetic resonance imaging 

(MRI). Patients were excluded from the study for the following reasons: 1) patients 

with metachronous colorectal liver metastases; 2) the presence of extra-hepatic 

metastases at the time of colorectal cancer diagnosis and 3) a lack of baseline imaging 

or three/six monthly scans. 

6.4.1 IMAGE ANALYSIS AND DATA COLLECTION 

High resolution magnetic resonance imaging was the modality used to locally stage 

rectal primary tumours. In colonic primary tumours, computed tomography scans 

were used to stage the primary tumours. The extent of tumour infiltration, the 

presence of extra-mural venous invasion and the length of the primary tumour were 

assessed. EMVI was assessed according to the criteria described in Chapter Five.
225-

226
 The T stage was staged according to the TNM classification. In particular, the T3 

stage was classified into four distinct sub-groups: T3a, T3b, T3c and T3d as described 
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in Chapter Five.
227

  On the baseline and consecutive scans, the following liver 

metastatic characteristics were reported: liver segmental sparing (≥ three segments) 

and the number of metastases (solitary versus multiple). The cumulative metastatic 

sizes were compared between consecutive scans to assess for progressive disease. All 

the data collected was anonymised and entered into an electronic database (Microsoft 

Excel. Redmond, Washington: Microsoft, 2010. Computer Software). The following 

additional data items were collected: demographic data, site of primary tumour, date 

of primary and colorectal liver metastases diagnosis, dates of consecutive scans, pre-

treatment CEA, use of chemotherapy, use of radiofrequency ablation, date and type of 

primary tumour resection, date and type of liver resection, primary tumour histology 

and survival status.  
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6.5 ENDPOINTS 

1) The primary endpoint of this study was to determine whether an upfront 

primary tumour resection was associated with the progression of synchronous 

liver metastases.  

2) The secondary endpoint of this study was to assess the effect of the timing of a 

primary tumour resection on survival.  
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6.6 DEFINITIONS 

The following definitions were used: 

  

 Upfront primary tumour resection: primary tumour resection without any neo-

adjuvant treatment. 

 Liver metastatic progressive disease was considered to be an increase in the 

size of liver metastases by twenty per cent or more as per the Response 

Evaluation Criteria In Solid Tumors 1.1 guidelines.
170

 A six-month cut-off 

was used to assess the effect of a primary tumour resection on disease 

progression.  

 Time to tumour progression (TTP): the time from the date of the liver 

metastases diagnosis to disease progression or disease recurrence censored on 

the date of the last tumour assessment.  

 Overall survival (OS): the time from the date of the liver metastases diagnosis 

to the date of death from any cause censored at the date of the last known 

follow up.  
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6.7 STATISTICAL ANALYSIS 

The statistical software package SPSS version 21.0 (SPSS, Chicago, Illinois, USA) 

was used to perform the statistical analysis. The study was conducted according to the 

STROBE guidelines.
173

 Continuous data was explored for distribution, normally 

distributed data was presented as a mean with associated 95% confidence intervals. 

Data with a non-Gaussian distribution was presented as a median with the associated 

range. Differences between the groups were compared using the unpaired t test. The 

Chi
2
 test and the Fisher exact test were used to compare categorical data. The Mann-

Whitney U test was used to compare continuous variables. A univariate and 

multivariate binary logistic regression was undertaken to determine the risk factors 

associated with progressive disease at six months. Goodness of fit was assessed using 

the Hosmer-Lemeshow statistic. Odd ratios with 95% confidence intervals were 

generated for each variable. Factors found to be have a p-value ≤  0.1 in the univariate 

model were entered into the multivariate analysis. Survival estimates for OS and TTP 

were obtained using the Kaplan-Meier method and compared using the Log-rank test. 

A multivariate Cox proportional hazards model was used to assess the effect of an 

upfront tumour resection on OS and TTP whilst adjusting for significantly different 

variables between the two groups of patients. Hazard ratios with 95% confidence 

intervals were generated for each variable. A p-value ≤ 0.05 was considered 

significant. 
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6.8 RESULTS 

6.8.1 PARTICIPANTS 

A total of 301 patients with colorectal liver metastases were referred between 2005 

and 2010 of which 153 (51%) were found to have synchronous colorectal liver 

metastases (Figure XVII).  A total of 116 patients were included in the study, with a 

male to female ratio of 2.2:1 and a mean age of 63.7 (Table XIII). There were two 

groups of patients: 1) 49 (42%) patients had undergone an upfront primary tumour 

resection; 2) 67 (58%) patients had received neo-adjuvant treatment. The male to 

female ratio was 4.4:1 and 1.5:1 in the upfront resection and neo-adjuvant groups 

respectively (P = 0.01). Of the patients receiving neo-adjuvant treatment 55 (82.1%) 

received oxaliplatin based chemotherapy and 20 (29.9%) received radiotherapy or 

chemo-radiotherapy (Table XIII). In total, 28 (41.8%) of the patients receiving neo-

adjuvant therapy subsequently underwent a primary tumour resection. The primary 

tumour resections were performed electively in 40 (83.3%) and 27 (96.4%) patients in 

the upfront resection and neo-adjuvant groups respectively (P = 0.14). A liver 

resection was performed in 18 (36.7%) and 14 (20.9%) patients in the upfront 

resection group and the neo-adjuvant group respectively (P = 0.06). The liver 

resections were all performed as part of sequential resections in the upfront resection 

group. The liver resections in the neo-adjuvant group were sequential in five patients 

(35.7%), simultaneous in seven (50%) and reverse resections in two (14.3%) patients. 

All the patients in the upfront resection group received adjuvant chemotherapy whilst 

22 (78.6%) patients in the neo-adjuvant group received adjuvant chemotherapy (P = 

0.002). The mean time from the diagnosis of liver metastases to the start of adjuvant 

chemotherapy was 8.8 months (95% CI 5.8-12.01) in the upfront resection group. 
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There were no differences in the type of adjuvant agents used or the use of adjuvant 

monoclonal agents between the two groups (Table XIII). 
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FIGURE XVII: FLOWCHART DEMONSTRATING INCLUSION AND EXCLUSION OF 

PATIENTS IN THE STUDY 

 

  
Total number of patients identified 

301 

Number of patients with 

synchronous colorectal liver 

metastases  

153 

Patients included in study 

116 

Number of patients without 

consecutive scans  

36 

No treatment  

1 

 

Patients excluded from study 

44- Metachronous presentation. 

101- Extra-hepatic metastases. 

3-Insufficient data. 
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TABLE XIII: PATIENT DEMOGRAPHICS AND CHARACTERISTICS. 

Variable 
 

Upfront primary tumour 

resection (n=49) 

Neo-adjuvant 

(n=67) 

P 

Gender 80M - (69%) 40M (81.6%) 40M (59.7%) 0.012 

36F - (31%) 9F (18.4%) 27F (40.3%) 

Age years (95%CI)  63.7 (60.6-66.8) 66.51 (63.3-69.8) 62.9 (59.8-66.0) 0.12 

Baseline CEA ng/ml, 

median 

19.5 (1-11745) 9.0 (1-2113)  34.0 (1-11746) 0.80 

Site of primary 

tumour 

Colon – 65 (56.0%) 35 (71.4%) 30 (44.8%) 0.004 

Rectum – 51 (44.0%) 14 (28.6%) 37 (55.2%) 

Radiological T stage 

(CT/MRI) 

T2/T3a – 24 (18.9%) 9 (21.4%) 15 (23.3%) 0.90 

T3b – 11 (10.4%) 4 (9.5%) 7 (10.9%) 

T3c – 32 (30.2%) 12 (28.6%) 20 (31.3%) 

T3d – 28 (26.4%) 11 (26.2%) 17 (26.6%) 

T4 – 11 (10.4%) 6 (14.3%) 5 (7.8%) 

Primary length 

millimetres (95% CI) 

(CT/MRI) 

49.6 (45.5-53.7) 50.4 (39.6-53.9) 50.2 (45.9-56.4) 0.80 

Primary EMVI status 

(CT/MRI) 

EMVI positive – 92 (89.3%) 35 (89.7%) 57 (89.1%) 1.000 

EMVI negative – 11 (10.7%) 4 (10.3%) 7 (10.9%) 

Number of liver 

metastases (CT/MRI) 

>1 metastasis – 83 (71.6%) 33 (67.3%) 50 (74.6%) 0.40 

  1 metastasis – 33 (28.4%) 16 (32.7%) 17 (25.4%) 

Liver segmental 

sparing (CT/MRI) 

< 3segments – 55 (47.4%) 18 (36.7%) 37 (55.2%) 

 

0.05 

≥3segments – 61 (52.6%) 31 (63.3%) 30 (44.8%) 

RFA 27 (24.3%) 15 (33.3%) 12 (18.2%) 0.07 
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Variable 
 

Upfront primary tumour 

resection (n=49) 

Neo-adjuvant 

(n=67) 

P 

Neo-adjuvant Irinotecan based -- 5 (7.5%) -- 

Oxaliplatin based -- 55 (82.1%) 

5-FU -- 3 (4.5%) 

Radiotherapy -- 20 (29.9%) -- 

Monoclonal agent -- 39 (58.2%) -- 

Adjuvant 

Chemotherapy 

Adjuvant chemotherapy 49 (100%) 22 (78.6%) 0.002 

Irinotecan based 10 (20.4%) 2 (9.1%) 0.50 

Oxaliplatin based 36 (73.5%) 19 (86.4%) 

5-FU 3 (6.1%) 1 (4.5%) 

Monoclonal agent 30 (61.2%) 16 (59.2%) 0.50 

Primary tumour 

resection 

77 (66.4%) 49 (100%) 28 (41.8%) --- 

Elective 67 (88.2%) 40 (83.3%) 27 (96.4%) 0.14 

Emergency  9 (11.8%) 8 (16.7%) 1 (3.6%) 

Liver resection 32 (27.6%) 18 (36.7%) 14 (20.9) 0.06 

Histological T stage T1/T2- 2 (2.9%) 1 (2.1%) 1 (4.5%) 0.60 

T3/T4- 67 (97.1%) 46 (97.9%) 21 (95.5%) 

Histological 

Nodal status 

LN –ve – 17 (24.6%) 10 (21.3%) 7 (31.8%) 0.34 

LN +ve – 52 (75.4%) 37 (78.7%) 15 (68.2%) 

Histological EMVI EMVI +ve– 46 (69.7%) 34 (77.3%) 12 (54.5%) 0.06 

EMVI –ve – 20 (30.3%) 10 (22.7%) 10 (45.5%) 
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6.8.2 CHARACTERISTICS OF THE PRIMARY TUMOUR AND THE LIVER 

METASTASES 

The primary tumour site on baseline imaging was found to be colonic in 65 of the 

patients and rectal in 51 of the patients. The site of the primary tumour was colonic in 

35 (71.4%) and in 30 (44.8%) patients in the upfront resection group and the neo-

adjuvant group respectively (P = 0.004). The median pre-treatment CEA level was 

found to be 19.5 (range: 1-11745), with no significant differences between the two 

groups of patients (P = 0.76). Baseline CT/MRI based primary tumour T staging was 

available in 106 patients, in 71 (61.2%) patients the tumours were staged as T3c or 

above with no significant differences found between the patient groups (P = 0.90). 

The mean primary tumour length measured using CT/MRI was found to be 49.6 

millimetres (95% CI 45.5-53.7), with no significant differences between the groups (P 

= 0.80). The EMVI status was assessed in 103 patients using CT/MRI imaging, and it 

was demonstrated that 92 (89.3%) patients were EMVI positive with no significant 

differences found between the two groups (P = 1.0). The number of liver metastases 

assessed by CT/MRI imaging demonstrated that 83 (71.6%) patients had more than 

one liver metastasis, with no significant differences between the two groups (P = 

0.40). Baseline imaging with CT/MRI demonstrated that 18 (36.7%) of patients had 

less than three liver segments spared in the upfront resection group compared to 37 

(55.2%) in the neo-adjuvant group (P = 0.05). Primary tumour histological T stage 

was found to be T3 or T4 in 67 (97.1%) of patients with no significant differences 

between the groups (P = 0.60). No significant differences in histological EMVI or 

nodal status were found between the two groups (Table XIII). 
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6.8.3 PROGRESSIVE DISEASE AND SURVIVAL 

By six months, 49 (42.2%) patients had evidence of progressive disease, 33 (70.2%) 

patients having received an upfront primary tumour resection and 16 (25.8%) patients 

in the neo-adjuvant group.  The univariate analysis (Table XIV) demonstrated that age 

(P = 0.05, OR 1.04; 95% CI 1.001-1.07), male gender (P = 0.03, OR 2.76; 95% CI 

1.13-6.73) and an upfront primary tumour resection (P <0.001; OR 6.78; 95% CI 

3.33-13.78) were significantly associated with progressive disease of the synchronous 

liver metastases. The multivariate analysis demonstrated that an upfront primary 

tumour resection was the only variable to significantly increase the risk of developing 

progressive disease (P <0.001; OR 5.67; 95% CI 2.71-11.79). The median time to 

tumour progression was 0.25 years (95% CI 0.19-0.31) for the upfront resection group 

and 2.13 years (95% CI 1.40-2.86) for the neo-adjuvant group (P < 0.001) (Figure 

XVIII). An upfront primary tumour resection was found to be a significant predictor 

of tumour progression (P = 0.02; HR 1.71; 95% CI 1.1-2.66) when adjusting for 

gender and primary tumour site (Figure XIX). The median overall survival was 2.70 

years (95% CI 2.01-3.31) for the upfront resection group and 2.53 years (95% CI 

1.97-3.10) for the neo-adjuvant group (P = 0.63) (Figure XX). Adjustment for gender, 

primary tumour site and the use of adjuvant therapy demonstrated that an upfront 

tumour resection was not a significant predictor of overall survival (P = 0.83; HR 

1.10; 95% CI 0.48-2.52) (Figure XXI). 
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TABLE XIV: UNIVARIATE AND MULTIVARIATE LOGISTIC BINARY REGRESSION MODEL FOR PREDICTORS OF PROGRESSIVE DISEASE. 

Variable Univariable 

Odds Ratio (95% CI) 

P Multivariable 

Odds Ratio (95% CI) 

P 

Age 

 

 

1.04 (1.001-1.07) 

 

 

0.05 

 

1.02 (0.99-1.057) 

 

0.30 

Gender 

Male 

Female 

 

2.76 (1.13-6.73) 

Ref 

 

0.03 

 

2.12 (0.92-4.87) 

 

0.14 

Site of primary tumour  

Colon 

Rectum 

 

1.61 (0.75-3.48) 

Ref 

 

0.30 

  

Radiological T-stage 

T2/T3a 

T3b 

T3c 

T3d 

T4 

 

0.62 (0.13-2.90) 

0.96 (0.16-5.64) 

0.57 (0.13-2.55) 

0.47 (0.10 – 2.17) 

Ref 

 

0.54 

0.10 

0.50 

0.33 

 

  

Radiological primary tumour length 

 

 

0.99 (0.97-1.01) 

 

 

0.40 

  

Radiological EMVI status 

EMVI positive 

EMVI negative 

 

2.56 (0.69-9.37) 

Ref 

 

0.20 
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Variable Univariable 

Odds Ratio (95% CI) 

P Multivariable 

Odds Ratio (95% CI) 

P 

Number of liver metastases 

>1 metastasis 

1 metastasis 

 

0.99 (0.42-2.33) 

Ref 

 

1.00 

  

Liver segmental sparing 

< 3 segments 

≥ 3 segments 

 

2.03 (0.94-4.37) 

Ref 

 

0.07 

 

1.34 (0.62-2.88) 

 

0.53 

Pre-operative CEA ng/ml 

 

 

1.00 (1.00-1.00) 

 

 

1.00 

 

 

 

 

Histology 

Lymph node +ve 

Lymph node –ve 

 

EMVI +ve 

EMVI -ve 

 

1.30 (0.47-3.66) 

Ref 

 

1.50 (0.58-3.89) 

Ref 

 

0.70 

 

 

0.50 

  

Radiofrequency ablation 

RFA 

No RFA 

 

1.24 (0.57-2.68) 

Ref 

 

0.70 

  

Management 

Upfront primary resection 

Neo-adjuvant therapy 

 

6.78 (3.33-13.78) 

Ref 

 

< 0.001 

 

5.67 (2.71-11.79) 

 

< 0.001 

Odds Ratio  < 1.0 -  reduced risk of progressive disease, > 1.0 - increased risk of progressive disease. 
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FIGURE XVIII: TIME TO TUMOUR PROGRESSION (P <0.001). 
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FIGURE XIX: TIME TO TUMOUR PROGRESSION ADJUSTED FOR GENDER AND 

PRIMARY TUMOUR SITE (P 0.02). 

 
 

 

Variable Multivariable 

Hazard Ratio (95% CI) 

P 

Gender 

Male 

Female 

 

1.67 (1.01-2.75) 

Ref 

 

0.05 

Site of primary tumour 

Colon 

Rectum 

 

1.28 (0.82-2.00 

Ref 

 

0.30 

Management 

Upfront primary resection 

Neo-Adjuvant therapy 

 

1.70 (1.10-2.66) 

Ref 

 

0.02 
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FIGURE XX: OVERALL SURVIVAL FOR ALL PATIENTS (P 0.63). 
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FIGURE XXI: ADJUSTED OVERALL SURVIVAL FOR ALL PATIENTS (P 0.83). 

 
 

 

Variable Multivariable 

Hazard Ratio (95% CI) 

P 

Gender 

Male 

Female 

 

2.80 (1.22-6.46) 

Ref 

 

0.02 

Site of primary tumour 

Colon 

Rectum 

 

2.26 (1.08-4.74) 

Ref 

 

0.03 

Management 

Upfront primary resection 

Neo-Adjuvant therapy 

 

1.10 (0.48-2.52) 

Ref 

 

0.83 

Adjuvant therapy 

None 

Administered 

 

1.01 (0.48-2.52) 

Ref 

 

0.91 
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6.9 DISCUSSION 

An upfront primary tumour resection significantly increases the risk of progressive 

disease of synchronous colorectal liver metastases as confirmed on multivariate 

analysis. The biological basis for this finding is conflicting. Two murine studies, 

demonstrated that primary lung adenocarcinomas in mice produce angiostatin, an 

angiogenesis inhibitor, which inhibits metastatic tumour growth.
241-242

 Scheer et al, in 

a prospective study demonstrated that the metabolic activity, assessed by 18FDG-PET 

scans, in patients with synchronous colorectal liver metastases increased by thirty-

eight per cent after a primary tumour resection.
243

 In addition, two separate studies, 

demonstrated albeit in small numbers that there was a significant increase in both 

vascular density and tumour proliferation in synchronous colorectal liver metastases 

following resection of the primary tumour compared to the synchronous metastases of 

patients with their primary tumour in situ.
244-245

 In contrast to those aforementioned 

studies, a more recent study (described in Chapter Four) demonstrated that the 

presence of a primary tumour in situ might have a direct pervasive effect on 

synchronous colorectal liver metastases by increasing the level of angiogenic factors 

within the adjacent liver parenchyma.
209 

 

It thus seems that most plausible explanation for the study’s findings is that the delay 

in the administration of systemic chemotherapy in patients receiving an upfront 

primary tumour resection leads to progressive disease. It is evident from the EORTC 

trial that the use of neo-adjuvant chemotherapy prior to a liver resection in patients 

with resectable colorectal liver metastases increases progression free survival.
246

 It 

has long been argued that the perceived ‘delay’ in treatment as a result of the 

traditional sequential approach for synchronous colorectal liver metastases may result 

in a progression of the liver disease.
67,138,247

 This seems substantiated by the fact that 
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in this study, the mean time to the start of adjuvant chemotherapy in the upfront 

primary tumour resection group was around eight months. There was, however, no 

difference in overall survival between the two groups even with adjustment for 

significant differences between the patient groups. This is interesting, as it would 

suggest that in some cases neo-adjuvant chemotherapy alone results in similar 

survival rates as patients undergoing major surgery. This serves to highlight that the 

selection criteria for surgery in patients with synchronous colorectal liver metastases 

can be improved. Progressive disease not responding to chemotherapy prior to a 

hepatectomy has been demonstrated to result in poor survival outcomes.
59 

Although 

the survival rates were similar in both groups of patients, a proportion of the patients 

with progressive disease in the upfront primary resection group would not have 

responded to the adjuvant chemotherapy resulting in irresectable disease. In view of 

this, alternative surgical strategies to sequential resections that prevent a ‘delay’ in 

treatment such as simultaneous or reverse resections should be carefully considered 

where feasible. It is currently common practice to perform upfront primary resections 

in patients with colonic primaries and limited hepatic disease. The proportion of 

patients with colonic primaries was significantly higher in the upfront resection group 

reflecting this practice. This may explain why the presence of a colonic primary in 

this study was found to be an independent predictor of poor overall survival on cox 

regression analysis. The results of this study would thus support the consideration of 

the use of neo-adjuvant systemic chemotherapy prior to a primary tumour resection in 

patients with colonic primaries and limited synchronous colorectal liver metastases. 

The FOxTROT trial is currently investigating the use of systemic chemotherapy for 

advanced colonic cancers and the preliminary results are promising demonstrating 

that this strategy in advanced colonic primaries is safe and feasible.
248

 Furthermore, it 
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is common for patients with equivocal small liver lesions on pre-operative staging to 

proceed to upfront primary tumour resections. However, the pervasive effect of the 

resulting delay in chemotherapy on the progression of metastatic disease shown in 

this study makes it imperative that equivocal liver lesions are thoroughly 

characterised to exclude metastatic lesions before embarking on a primary tumour 

resection.  

Surprisingly, male gender was found to be a predictor of poor overall survival on cox 

regression. In Chapter Five, it was demonstrated that there was a higher proportion of 

male to female patients with synchronous colorectal liver metastases consistent with 

recent population studies.
5-6  

  This in conjunction with the results of this study may 

suggest that metastatic colorectal liver metastases are clinically more aggressive in 

male patients. However, the increased male distribution found in the upfront resection 

group could be a confounder and may not necessarily be a true predictor of poor 

prognosis. 

This study was a retrospective unicentre exploratory study and as such has inherent 

limitations. The tertiary nature of the centre where this study was performed means 

that many of the patients referred for consideration of radical surgery had parts of 

their investigations or treatment elsewhere making standardisation of the 

investigations difficult as well as reducing the quality of the data available. It is clear 

that these aforementioned limitations mean that the results need to be validated in an 

independent multi-centre study. This is a novel study, however, that raises important 

questions about the oncological and surgical management of the primary tumour in 

patients with synchronous colorectal liver metastases. 

  



 216 

6.10 CONCLUSION 

This study suggests that an upfront primary tumour resection for patients with 

synchronous colorectal liver metastases results in early metastatic progressive disease. 

These findings suggest that in the presence of synchronous colorectal liver 

metastases, where possible, neo-adjuvant chemotherapy should be administered prior 

to a primary tumour resection. In addition, alternative surgical approaches that 

prevent a delay in systemic chemotherapy such as simultaneous or reverse resections 

should be considered where applicable. The exploratory nature of this study does 

require these findings to be further validated in an independent study.  

 

 

 

 

 

 

 

 

 

 

 

 



 217 

6.11 FUTURE WORK 

This study set out to determine whether an initial primary tumour resection affected 

the progression of synchronous colorectal liver metastases. A secondary objective was 

to determine whether the timing of a primary tumour resection would affect survival. 

An ideal future study would thus be a prospective randomised controlled trial that 

would aim to meet both of those objectives.  

Following the current methodology of the current study a prospective study could be 

easily undertaken. However, it would be difficult and unethical to randomise patients 

to receive either an upfront primary tumour resection or systemic chemotherapy. This 

is in part due to the fact that in current practice many patients receiving systemic 

chemotherapy are initially deemed to have irresectable liver disease and would thus 

not be candidates for an upfront primary tumour resection. Whilst the evidence 

supporting the use of neo-adjuvant systemic chemotherapy for patients with limited 

hepatic disease is not robust. 

In a similar manner to this current study, a future study would remain a comparative 

study comparing the initial metastatic progression between patients receiving an 

upfront primary tumour resection and patients receiving systemic chemotherapy. The 

sample size for this study would be 153 patients. This is if we assume from the 

current study’s findings that the proportion of patients with progressive disease in the 

upfront primary resection group and chemotherapy group would be seventy and 

twenty-six per cent respectively, with an inferiority margin of thirty per cent to 

achieve a power of eighty per cent and a p-value < 0.05 

(http://powerandsamplesize.com/Calculators/). To achieve such a sample size any 

future study would need to be multicentre. Furthermore, a sample size of 3200 

patients would be required to demonstrate a survival difference between the two 
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groups with a power of eighty per cent and a p-value<0.05, if we assume similar 

patient proportions and median survivals as found in the current study ( 

https://www.statstodo.com/SSizSurvival_Pgm.php). Clearly, the sample size required 

to assess a survival difference between the two treatment modalities would not be 

easily attainable due to the complexity of the disease involved even if the study was a 

multicentre study.  

The methodology for a future prospective study would be broadly similar to the 

method outlined in the current study. However, to reduce reporting bias, the liver 

metastatic size would ideally be reported by two independent radiologists blinded to 

the treatment status of the patient. Inter-rater reliability could be assessed using Kappa 

correlation. 

In summary, a prospective randomised controlled trial would be the ideal study to 

assess the effect of an upfront primary tumour resection on progressive disease and its 

effect on overall survival compared to systemic chemotherapy. However, this would 

be impractical and a more pragmatic approach would be to undertake a prospective 

multicentre study based on the methodology of the current study to assess the effect 

of an upfront primary tumour resection on initial metastatic progressive disease only. 
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7 DISCUSSION 

This thesis has attempted to answer two broad questions:  

1) Can alternative surgical treatments for patients with synchronous colorectal 

liver metastases improve outcomes compared to the standard sequential 

approach?  

2) Can an improved understanding of the tumour biology of synchronous 

colorectal liver metastases help optimise surgical and oncological 

management? 

The first component of the thesis focused on the surgical management of patients with 

synchronous colorectal liver metastases. The ‘gold standard’ surgical approach for 

patients with synchronous colorectal liver metastases is a sequential resection.
123

 In 

some centres the use of simultaneous resections in selected patients has emerged as a 

possible alternative in the management of patients with synchronous colorectal liver 

metastases.
124

 This approach for a number of previously discussed reasons would 

appear to make both biological and oncological sense. It was thus hypothesised that 

simultaneous resections would result in better long-term oncological outcomes than 

sequential resections. To test this hypothesis, it was decided to perform a meta-

analysis of the evidence comparing the two modalities. The main strength of this 

study was the fact that it was the most extensive meta-analysis of the evidence 

comparing the short-term and long-term outcomes for both modalities at the time of 

writing this thesis. It is well recognised that one of the limitations of meta-analyses in 

general is the evidence available in the literature.
164-165

 This proved to be the case in 

this meta-analysis as the majority of comparative studies analysed had selected 

patients with limited hepatic disease for simultaneous resections whilst the patients 



 220 

undergoing sequential resections tended to have extensive hepatic disease. It thus 

seemed reasonable with the available evidence, to conclude that where outcomes were 

similar between the two modalities that sequential resections would in fact result in 

better outcomes if similar extents of disease were compared between the two groups.  

Ironically, this limitation proved to be the most important finding of the meta-analysis 

as it emphasised the need for studies that compared similar disease burdens between 

the two resections groups to truly determine whether simultaneous resections resulted 

in equivalent or better outcomes.  

It was thus decided to devise a single surgeon unicentre retrospective study that would 

compare similar disease burdens between the two groups of patients. This study from 

the outset clearly had limitations. The single surgeon and unicentre facets of this 

study did limit the sample size of the study. However, the sample size in this study 

was consistent with the majority of comparative studies in the literature with just over 

fifty per cent of the studies identified in the meta-analysis having a smaller sample 

size than this study.
123,140,142-144,146-147,150,153-157 

  Moreover, the auditing of a single 

surgeon’s experience did remove the bias of differing surgical experience and 

technique from this comparative study. Importantly, this was the first study to 

investigate simultaneous resections performed for extensive hepatic synchronous 

disease and primordially with no significant difference between the extents of 

metastatic disease encountered between the two groups of patients. The study 

demonstrated that simultaneous resections even for patients with extensive hepatic 

disease resulted in similar short-term and long-term outcomes as patients undergoing 

sequential resections for synchronous colorectal liver metastases. Whilst, in addition, 

also confirming that simultaneous resections result in a reduced length of hospital 

stay. The findings of this study are important as they demonstrate that simultaneous 
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resections can be a safe alternative to sequential resections even for patients with 

extensive metastatic hepatic disease.  The institution where this study was performed 

is a tertiary cancer referral centre in the United Kingdom and thus benefits from 

experienced personnel in cancer treatment with regards to oncology, anaesthetics, 

radiology and surgical expertise. This does mean, that these findings are probably 

only applicable in centres with similar levels of expertise.  This is particularly the case 

when the simultaneous resections include pelvic dissections such as low anterior 

resections for patients with extensive hepatic disease. The risks associated with pelvic 

sepsis in a patient who has undergone a major hepatic resection are considerable and 

should thus be only undertaken in carefully selected patients. The retrospective nature 

of the study does mean that there will always be an element of surgeon preference and 

selection bias that cannot be accounted for and can only be excluded by performing a 

prospective study. However, this finding does help to clarify the selection criteria for 

simultaneous resections and could provide the basis for undertaking future studies. In 

addition, the findings of this study would suggest that simultaneous resections for 

patients with synchronous colorectal liver metastases do represent an optimisation in 

care when compared to sequential resections in terms of reducing the length of 

hospital stay. Currently, improvements in the length of hospital stay as part of 

enhanced recovery programmes in the field of colorectal surgery have been 

demonstrated to have important financial implications.
249

 In the United Kingdom, the 

National Health Service has limited resources and any decrease in the length of 

hospital stay in this context would have to be seen as an important optimisation in 

care.
249

 

To improve the understanding of the tumour biology of synchronous colorectal liver 

metastases, a novel systematic review was developed to investigate the biological 
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differences between patients with synchronous and metachronous colorectal liver 

metastases. It was postulated that if clear differences were established that this could 

have important clinical ramifications. The review of the evidence demonstrated that in 

accordance with the known clinical differences between the two groups of liver 

metastases, the synchronous liver metastases were biologically distinct expressing 

biomarkers associated with more aggressive cancers. It would thus seem reasonable to 

conclude that synchronous colorectal liver metastases do represent a distinct 

colorectal cancer subset to metachronous colorectal liver metastases.  

The review appeared to provide the first piece of the puzzle. This finding, however, as 

well as some of the reviewed evidence raised further fascinating questions about why 

this difference existed and how this could be translated to surgical practice. The 

metastatic cascade is complex and it was clear from the reviewed evidence that the 

colorectal cancer cells ‘evolve’ along the metastatic cascade but still bear a close 

resemblance to the original primary tumour cancer cells. It is thus seemed reasonable 

to hypothesise that some of the key biological differences between the two groups of 

patients at a metastatic level would also be present between the primary colorectal 

cancer tumours. Moreover, the review highlighted recent evidence that raised the 

possibility that the aggressive characteristics of synchronous colorectal liver 

metastases could be directly as a result of the influence of the primary tumour in 

situ.
209

 It was initially decided to pursue an investigation of the radiological primary 

colorectal cancer tumour characteristics of both groups of patients as significant 

differences could potentially translate to surgical and oncological management in 

terms of pre-operative staging as well as during post-operative surveillance. 

Radiological comparison of the two groups of patients confirmed the reported 

findings in the literature that the liver metastases in the synchronous group had more 
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aggressive clinical traits than the metachronous group. Furthermore, the study 

affirmed the histological findings of large comparative studies: that clinico-

pathological differences did appear to exist between the two groups of primary 

tumours. This was demonstrated for radiological characteristics associated with 

locally advanced disease including the depth of tumour infiltration as well as the 

presence of extra-mural venous invasion. In addition, the study confirmed the pivotal 

role that extra-mural venous invasion plays in the development of synchronous 

colorectal liver metastases. Moreover, it demonstrated that the radiological presence 

of extra-mural venous invasion could potentially serve as a predictor of synchronous 

disease. The fact that extra-mural venous invasion in primary colorectal cancers is 

associated with synchronous disease has been established for many decades. Yet there 

remains very little research in the literature regarding its use in a predictive role. This 

is clearly an area that warrants further research. This was an exploratory study, being 

the first study of its kind in the literature and as such it was both retrospective and 

unicentre in nature with the inherent limitations that are associated with these forms 

of studies. The limited number of patients with metachronous colorectal liver 

metastases found in this particular study was an important limitation of this study that 

limited the strength of the conclusions regarding the differences between the two 

groups of patients. The low proportion of patients seen with metachronous disease 

probably reflects higher detection rates of synchronous metastatic disease and may 

represent the future trend in the presentation of colorectal liver metastases. Indeed this 

finding is substantiated by the most recent retrospective study of 1613 patients 

comparing the two groups of patients demonstrating that only thirty-four per cent of 

the patients presented with metachronous colorectal liver metastases.
57

 This is in itself 

an important finding as it suggests that many metachronous lesions are indeed 
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indolent synchronous lesions that have not been detected. Pragmatically, this would 

imply that radiological findings suggestive of advanced colorectal cancers warrant an 

increased surveillance of the liver for up two to three years. Furthermore, this finding 

increases the importance of this thesis as well as supporting more research focusing 

specifically on synchronous colorectal liver metastases as it is likely that the 

proportion of patients with synchronous colorectal liver metastases being ‘missed’ 

continues to decrease with the use of improved imaging modalities that are now 

available. Overall, it is reasonable to conclude from this study that the findings 

suggest that biological differences do exist between the two groups of primary 

colorectal cancers. Patently, the low number of patients with metachronous disease 

means that without further studies to validate these findings; no firm conclusions can 

be drawn regarding whether any particular radiological parameter can distinguish 

between the two groups of patients. However, the suggested trend in the time to 

presentation of colorectal liver metastases seen in this study makes the clinical 

importance of differentiating between the two groups of patients debatable.  

The final study investigating the biology of synchronous colorectal liver metastases 

was an exploratory radiological study that was developed to determine what effect a 

primary tumour resection had on the growth of synchronous colorectal liver 

metastases. This study was conceptually a novel study with no other similar studies in 

the world literature at the time of writing this thesis. The systematic review 

investigating the biology of synchronous colorectal liver metastases had highlighted 

evidence that suggested that a primary tumour in situ in patients with synchronous 

colorectal liver metastases results in the aggressive metastatic characteristics seen in 

this group of patients.
209

 This seemed an important area to investigate, particularly as 

the results of this study could potentially translate to surgical practice with regards to 
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the timing of the primary tumour resection in the presence of synchronous disease. 

Although, in the earlier section of the thesis, it had been established that simultaneous 

resections were as safe as sequential resections for patients with comparable disease. 

These findings did not represent, however, an obvious optimisation in oncological 

management when compared to sequential resections. The results of this study could 

thus potentially provide a biological reason against or for the use of simultaneous 

resections in patients with synchronous colorectal liver metastases. The results of this 

study were astonishing and seemed to counter recent biological evidence on the 

pervasive influence of the primary colorectal cancer tumour’s effect on the growth of 

the synchronous liver metastases. The findings demonstrated that an upfront resection 

of a primary tumour resulted in the progression of the synchronous colorectal liver 

metastases resulting from the delay in the administration of adjuvant chemotherapy 

commonly encountered with this approach. It is common practice for patients with 

limited hepatic disease with either colonic primaries or early rectal tumours to 

proceed with a primary tumour resection as part of a sequential approach followed by 

subsequent adjuvant chemotherapy. It has been demonstrated that the prognosis in 

patients with synchronous colorectal liver metastases is improved with the use of 

systemic chemotherapy.
79

 However, the guidelines regarding the timing of peri-

operative systemic chemotherapy in the presence of resectable synchronous colorectal 

liver metastases remains ambiguous even in the comprehensive NCCN guidelines.
80

 It 

is clear that most centres would elect to administer neo-adjuvant systemic 

chemotherapy for patients who present with extensive hepatic disease and thus these 

findings are unlikely to apply to this cohort of patients.  The findings of this study 

would thus support the argument presented by the proponents of simultaneous 

resections: that the delay in administrating adjuvant chemotherapy associated with 
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sequential resections for a select group of patients is an adverse prognostic factor.
94

 

Although these findings may appear evident they have not been objectively reported 

before and present a strong argument in favour of the hypothesis that simultaneous 

resections represent an improved form of surgical management for patients with 

colonic or early staged rectal primary tumours with limited synchronous colorectal 

liver metastases who would otherwise undergo an upfront primary tumour resection 

as part of a sequential resection. Another viable alternative that is supported by the 

findings of this study would be the use of neo-adjuvant chemotherapy even for 

patients with limited hepatic disease. It is clear that the findings of this study support 

the use of simultaneous resections in patients with synchronous colorectal liver 

metastases in a select group of patients with limited hepatic disease in the presence of 

a colonic tumour or an early staged rectal cancer. However, although simultaneous 

resections may represent the optimal form of surgical management in a specific group 

of patients it is evident that these operations are both complex and challenging. It is 

clear that sequential resections still have a role even in patients with limited disease 

when patients have a poor performance status or when the appropriate expertise is 

lacking. It is obvious that this study did have limitations requiring these findings to be 

validated in further studies. In particular, the retrospective nature of the study meant 

that inherently there would be clinical differences between the two groups of patients 

being compared that would introduce some bias.  

Overall the studies underpinning this thesis had important limitations. There is a 

paucity of studies in the literature investigating the surgical management as well as 

the tumour biology of patients with synchronous colorectal liver metastases. In 

addition, the evidence comparing surgical approaches in patients with synchronous 

colorectal liver metastases is poor consisting only of retrospective series. A similar 
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finding was found regarding studies investigating the tumour biology of patients with 

synchronous colorectal liver metastases were the level of evidence was poor. It would 

have thus been difficult ethically to justify undertaking prospective clinical or multi-

centre studies particularly when novel topics were being investigated. This resulted in 

retrospective studies being performed at one tertiary cancer referral centre. This had 

benefits in terms of the uniformity of cancer care as well as the quality of data that 

was available. However, this also meant that the numbers of patients available for 

each clinical study were relatively low. The retrospective nature of the clinical studies 

as previously discussed meant that there was an element of inherent selection bias that 

could not be controlled for. This does limit the strength of any inferences that are 

made from the comparative surgical study and the radiological study investigating the 

progression of the synchronous colorectal liver metastases. Furthermore, there is 

evidence that suggests that colonic and rectal colorectal cancers may be distinct 

biological entities.
250

 In addition, the management of rectal and colonic colorectal 

cancers is different as patients with locally advanced rectal cancers routinely receive 

neo-adjuvant chemo-radiotherapy. Moreover, currently, the debate regarding the 

surgical approaches employed for rectal cancers is starting to include the use of 

reverse resections. In view of the aforementioned points it would have been ideal to 

analyse rectal and colonic colorectal cancers separately. However, the limited number 

of patients available precluded this being done.  

In summary this thesis does have important limitations relating to the sample sizes 

and retrospective nature of the clinical studies undertaken. However, the findings of 

this thesis suggest that the surgical and the oncological management of patients with 

synchronous colorectal liver metastases can be optimised.  The use of systemic 

chemotherapy has been demonstrated to be pivotal in preventing the progression of 
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synchronous colorectal liver metastases. The use of neo-adjuvant chemotherapy or 

simultaneous resections in patients with limited synchronous hepatic disease with 

early rectal tumours or colonic primaries are management options that are likely to 

result in improved oncological outcomes. Moreover, the use of simultaneous 

resections results in a reduced length of hospital stay compared to sequential 

resections and should thus be the preferred option where possible.  Furthermore, the 

overall findings of this thesis have improved our understanding of the tumour biology 

of synchronous colorectal liver metastases by proving that they are biologically 

distinct from metachronous lesions with these differences also appearing to exist 

between the primary tumours of the two groups. The presence of extra-mural venous 

invasion is associated with the presence of synchronous colorectal liver metastases 

and may thus have a role in pre-operative primary tumour staging and post-operative 

surveillance. However, the reduced incidence of patients with metachronous 

colorectal liver metastases seen in this study would imply that distinguishing features 

between the primary tumours of the two groups of patients is unlikely to translate to 

surgical practice.  
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7.1 CLINICAL IMPLICATIONS 

Simultaneous resections are a safe alternative to sequential resections with regards to 

post-operative complications and oncological outcomes for patients with synchronous 

colorectal liver metastases. Moreover they result in a reduced length of hospital stay. 

Sequential resections in the absence of neo-adjuvant chemotherapy result in 

progressive disease of synchronous colorectal liver metastases. It is thus 

recommended that in the presence of limited hepatic disease, patients with colonic 

primaries or early rectal tumours that simultaneous resections should be favoured as 

opposed to sequential resections subject to the patients overall fitness. Important 

exclusions would be for the purposes of palliating primary tumour symptoms or if 

patients present with primary tumour symptoms necessitating an emergency resection. 

The presence of extra-mural venous invasion is a predictor of the presence of 

synchronous colorectal liver metastases. Furthermore, delay in the initiation of 

systemic chemotherapy for synchronous colorectal liver metastases is an adverse 

prognostic indicator. It is thus recommended that the presence of extra-mural venous 

invasion during the staging of the primary colorectal cancer should lead to a high 

degree of suspicion for the presence of liver metastases and may necessitate increased 

post-operative targeted surveillance of the liver. Furthermore, equivocal or small liver 

lesions detected during pre-operative staging should be thoroughly investigated prior 

to the decision to proceed with a primary tumour resection to prevent any delay in the 

initiation of oncological treatment or to undertake a simultaneous resection if 

possible.  
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8 CONCLUSION 

Simultaneous resections have been demonstrated to result in equal short-term and 

long-term outcomes as the standard ‘sequential’ resections for patients with 

synchronous colorectal liver metastases when comparing similar disease burdens. In 

addition, simultaneous resections have been confirmed to optimise patient care by 

resulting in a reduced length of hospital stay when compared to sequential resections. 

The upfront resection of a primary tumour in the presence of synchronous colorectal 

liver metastases has been demonstrated to result in progressive disease as a result of a 

delay in the initiation of systemic chemotherapy. The findings thus affirm that 

simultaneous resections are an alternative surgical approach to sequential resections 

that have the potential to optimise oncological outcomes particularly in patients with 

limited synchronous colorectal liver metastases with either colonic or early rectal 

primaries. Furthermore, this thesis has demonstrated the importance of the provision 

of neo-adjuvant chemotherapy in preventing progressive disease. It is thus imperative 

that patients with equivocal hepatic lesions during pre-operative staging are 

thoroughly investigated to exclude the presence of metastatic disease to prevent a 

delay in the use of neo-adjuvant chemotherapy particularly if the patient is not a 

candidate for a simultaneous resection. Synchronous colorectal liver metastases have 

a differing expression of biomarkers when compared to metachronous colorectal liver 

metastases suggesting that the two groups of metastases are biologically distinct. This 

is substantiated by the clinico-pathological differences demonstrated in this thesis as 

well as in the reported literature between the two groups of metastases. The results of 

this thesis confirm the findings of large comparative studies demonstrating that there 

are clinico-pathological differences between the primary colorectal cancer tumours of 

the two groups of patients. The presence of radiological features of locally advanced 
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colorectal cancers including depth of tumour infiltration and the presence of extra-

mural venous invasion appear to occur more frequently in patients with synchronous 

colorectal liver metastases. However, the reduced incidence of patients with 

metachronous colorectal liver metastases seen in this thesis may represent a future 

trend in the presentation of colorectal liver metastases due to improved detection rates 

of synchronous lesions. It is thus unlikely that distinguishing between the primary 

tumours of the two groups of patients has a role in surgical practice. The radiological 

presence of extra-mural venous invasion has been confirmed as being an independent 

predictor of the presence of synchronous colorectal liver metastases and when seen 

warrants the increased investigation of equivocal liver lesions during staging as well 

as an increased post-operative surveillance of the liver. The majority of the studies 

undertaken in this thesis have been exploratory in nature and have all been unicentre 

based. Further studies are thus required to validate the findings of this thesis. 
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