
   
        1 | P a g e  

 

Copy right © Harshal Rajekar 

 
                Enrich your Research 

                                                                                                                       
Gastroenterology and Hepatology Research 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

  Review Article 

Recent Advances in The Treatment of Liver Metastases from Colorectal Cancer. 

A Comprehensive Review 

Running head/ Short title: Colorectal Liver Metastases – An Overview of treatment. 

Harshal Rajekar  

Consultant Hepatibiliary, Gastrointestinal and Liver Transplant Surgeon, Medicover Hospital, Bhosari, Pune, India. 

 
Article Info 
 

Received: August 2, 2024 

Accepted: August 19, 2024 
Published: September 02, 2024 

 
*Corresponding author: Harshal Rajekar, Consultant 

Hepatibiliary, Gastrointestinal and Liver Transplant Surgeon, 

Medicover Hospital, Bhosari, Pune, India. 

 
Citation: Harshal Rajekar. (2024) “Recent Advances in The 

Treatment of Liver Metastases from Colorectal Cancer. A 

Comprehensive Review.”, J of Gastroenterology and 
Hepatology Research, 5(2); DOI: 10.61148/2836-

2888/GHR/049. 

 

Copyright: ©22024 Harshal Rajekar. This is an open access 

article distributed under the Creative Commons Attribution 

License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is 

properly cited. 

Abstract 
 

Colorectal cancer is the 3rd most common cancer in the United States and 

the 2nd most common cause of cancer related death in men, besides being 

the leading cause of cancer related death in males less than 50y of age [1]. 

More patients diagnosed with colorectal cancer are younger than 55y of age 

and a larger number of patients present more with advanced disease.  

 

Developing countries are seeing an increase in the incidence of colorectal 

cancer, probably because of adopting the “western” way of life. Obesity, 

sedentary lifestyle, red meat consumption, alcohol, and tobacco are probably 

responsible for this increasing incidence of CRC (colo-rectal cancer) [2]. 

Besides, increase in testing and detection, better diagnostic and imaging 

modalities and better access to healthcare and information. Recent advances 

in early detection have resulted in lesser mortality and hence more patients 

live longer; and more patients develop advanced disease.  

 

Thus, with improving knowledge and better understanding, with better 

investigations and better understanding of molecular biology, therapeutic 

opportunities involving pharmacological, genetic and biological barriers 

have helped identifying newer targets for treatment of metastatic CRC [3]. 

 

More than 90% of all CRC are Adenocarcinoma, while the remaining 10% 

comprise rarer types, like squamous cell carcinoma, adeno-squamous 

carcinoma, spindle cell carcinoma, undifferentiated carcinoma, etc. Most 

cancers of the colon are associated with non-hereditary and spontaneous 

mutations and epigenetic changes or micro-aberrations, occurring due to 

smoking, alcohol, processed foods, food additives, environmental factors, 

etc [4]. Not all colorectal cancers share the same genetic aberrations, and 

therefore a uniform molecular therapy or treatment plan has been difficult to 

devise.  

 

Key Words: colorectal cancer; liver metastases; recent advances; liver 

resection for CRLM; CRLM 

 

Introduction: 
 

Treatment of colorectal cancer depends on the stage of the disease at the 

time of diagnosis. Early-stage CRC can be cured by curative surgical 

resection where the primary tumor and loco-regional nodes are removed 

surgically resulting in a R0 (no residual disease resection) offering a chance 

of cure. Advanced stage disease cannot be cured by surgery alone and 

require some form of adjuvant therapy, which may be chemotherapy, 

radiotherapy, immunotherapy, targeted immune boosting therapies, non-

coding RNA-based therapies, probiotics, natural products, oncolytic viral 

therapies, and biomarker-driven therapies [5]. The number of therapeutic 

targets keeps on increasing, as we identify the factors involved in the various 

steps in the genesis and spread of CRC. Because there is a variety of factors 

that contribute to the genesis and spread of colorectal cancer; the number of 
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 radiotherapy, immunotherapy, targeted immune boosting 

therapies, non-coding RNA-based therapies, probiotics, natural 

products, oncolytic viral therapies, and biomarker-driven therapies 

[5]. The number of therapeutic targets keeps on increasing, as we 

identify the factors involved in the various steps in the genesis and 

spread of CRC. Because there is a variety of factors that contribute 

to the genesis and spread of colorectal cancer; the number of 

possible targets for intervention and modification keeps on 

growing. 

 

Liver Metastases: 

Pathogenesis and Mechanisms: 

 

Almost half the patients with CRC will develop liver metastases in 

their disease process, and more commonly in left sided tumours 

[6]. Although, once right sided colonic tumors develop liver 

metastases; they tend to be more numerous and more invasive [7]. 

In almost 25% of patients’ hepatic metastatic disease can be 

identified clinically at the time of diagnosis, and 40 to 50% will 

develop during the first 3 years after the primary tumor [8].  

 

Alteration in tumor suppressor genes and oncogenes, like APC, 

SMAD4, KRAS, BRAF, and TP53, etc are responsible for the 

initiation of the adenoma-carcinoma sequence leading to 

development of invasive CRC [9]. APC, KRAS and TP53 are the 

most frequently altered genes in patients with CRC and CRLM 

(Colo-rectal cancer liver metastases) [10]. The APC gene regulates 

the Wnt/ beta-catenin pathway is a common aberration in CRC and 

CRLM [11]. CRLM go through a complex step wise progression; 

evasion from the tumor, EMT (epithelial-to-mesenchymal 

transition), then ECM (migration through extra-cellular matrix, ten 

invading into neighbouring tissue, intravasation into circulation, 

survival in the circulation, extravasation into the target organ and 

finally seeding and colonization of the liver (or any other target 

organ) forming more aggressive CRLM. Previous research has 

suggested that BRAF, KRAS, NRAS, PI3KCA, TP53, NRAS, 

CDK12, EBF1 might be genes associated with high risk of CRLM 

[12,13,14,15]. Also, apparently NOTCH1 and PIK3C2B mutations 

offer a better response to treatment, and SMAD3 mutations are 

associated with the lowest cure rates [14].  

 

Diagnosis and Staging: 

Liver metastases are detected at the time of imaging studies done 

at the time of primary colonic tumor detection, for synchronous 

liver metastases; and surveillance and follow up imaging for 

metachronous liver metastases. The incidence of liver metastases 

form CRC is about 25% [16,17,18,19]. The incidence of 

synchronous liver metastases is between 13.8 and 17.1% and those 

of metachronous liver metastases between 7.6 to 15.1% 7, 17, 18. 

Upto 85% metachronous CRLM occur within 1 year and 97.5% 

within 3 years. Only 2 % may occur between 5 to 10 years after 

surgery of the primary tumor [20,19], 19. 33-40 % of metachronous 

CRLM are limited to the liver [21]. A meta-analysis of five 

randomised controlled trials published in 2002 showed a survival 

benefit associated with more intensive follow up regimes, with 

early detection of metachronous CRLM and surgery for CRLM 

[22]. However, Primrose et al., and Jeffery et al in 2014 and 2016 

found that intensive surveillance led to increased identification of 

metachronous disease but failed to translate to improved survival; 

probably undermining the importance of the role of tumor biology 

[23,24].  

 

Surveillance:  

Cross sectional imaging and serum CEA levels constitute the 2 

most important parts of CRC screening and surveillance.  

 

Ultrasound:  

Transabdominal ultrasound has a limited role in the detection and 

evaluation of CRLM and contrast enhanced USG (CEUS) is 

definitely far more sensitive than gray scale ultrasound in the 

detection of lesions smaller than 10mm [25]. Even CEUS cannot 

offer the comprehensive information required for surgical planning 

for resection of CRLM and is operator dependent. Intra-operative 

ultrasound has a definite role and has been shown to find new 

lesions intra-operatively in upto 16% [26]; that could change 

clinical management in 9% patients. CEUS intraoperatively has a 

much higher sensitivity, especially in the setting of disappearing 

lesions after neo-adjuvant chemotherapy [27]. 

 

Computerized Tomography (CT):  

CT is the modality of choice for detection of CRLM and is the most 

commonly done investigation. Limitations include inability to 

characterise lesions smaller than 10mm and difficulty in patients 

with fatty liver, which is quite common after chemotherapy. 

CRLM are typically hypo-vascular with variable heterogeneity 

depending on size and previous treatment. Arterial phase images 

does not improve detection due to the low vascularity, but are 

helpful for pre-surgical or pre-embolization planning [28]. CT 

scans with volumetry are also useful for surgical planning, remnant 

size evaluation, and to detect extension to surrounding organs. 

 

MRI (Magnetic Resonance Imaging):   

Compared to computerised tomography, MRI has superior soft 

tissue distinguishing capabilities making it much better at detection 

of liver metastases, even smaller than 10mm [29]. CRLM are 

usually T1 hypointense, T2 hyperintense with often a rim 

enhancement in the arterial phase, and a low enhancement in the 

portal and delayed phase. DWI (diffusion weighted imaging) 

improves the sensitivity of MRI improving the resolution to detect 

lesions smaller than 10mm [30]. CRLM show a restricted DWI 

because of their hypercellularity with low diffusion coefficient 

values [31]. Hepatocyte specific contrast such as Gadobenate 

dimeglumine (MultiHance, Bracco) and gadoxetate disodium 

(Eovist, Bayer) are preferably taken up by hepatocytes and not by 

the tumor cells, thus providing an even better ability to detect small 

lesions and disappearing/ occult lesions [32]. 

 

PET-CT (Positron Emission Technology + Computerised 

tomography scan): 

 

18FDG PET-CT (18 Fluro-deoxygenated Glucose) has been 

thought to be very sensitive for detection of CRLM and accurate 

and specific for diagnosis of extra-hepatic disease [33]. However, 

small CRLM <10mm and metastases from mucinous 

adenocarcinomas may be missed, as also not all CRLM tend to be 

PET-CT detectable [34,35]. The role of PET-CT as a routine 

investigation in addition to standard imaging (CT chest, abdomen 

and pelvis and MRI liver) remains uncertain. Still, it is a useful 
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 complementary investigation to rule out extrahepatic disease.  

 

Surveillance: 

Optimal surveillance depends on the knowledge of the general 

patterns and timing of recurrence. In 2016 Hallet et al were able to 

show that, 89% recurrences occur within 3 years of colonic 

surgery; and tended to be intrahepatic alone in 46%, 31% in 

extrahepatic sites and combined intra- and extra-hepatic in 22% 

[36]. And yet, a small but significant number of recurrences happen 

after 5years. Pulitano et al reported that almost 11% patients who 

are disease free at 5 years, went on to develop recurrence after 

5years [37]. Tomlinson reported 23% recurrences after 5 years 

[38], whereas Vigano reported recurrence in 15% after 5 years [39].  

 

Surveillance methods are not standardized and Serum CEA level 

along with CT scan chest, abdomen and pelvis are the most 

commonly used modalities in surveillance, in addition to MRI and 

PET-CT. The frequency and methods of surveillance are not 

standardized. Galjart et al attempted a stratification risk score, 

based on grade, nodal status and disease-free interval to determine 

surveillance intensity [40].  

 

Molecular Landscape: 

Amongst prognostic and utilitarian models, the biomarkers KRAS, 

NRAS, BRAF, TP53, PIK3CA, APC, and Mismatch Repair 

Deficiency (MMRD), are useful, as they help in selection of 

chemotherapy and other biological treatments [41].  

KRAS: 

KRAS mutation is present in almost 30% CRC, is associated with 

more aggressive disease and a higher incidence of recurrence after 

resection of CRLM [42]. 

BRAF:  

BRAF mutations occur in 5 to 15% patients with CRC and is 

associated with aggressive disease which is resistant to EGFR 

(epidermal growth factor receptor) blockage [43] and is associated 

with poorer overall survival. Because of aggressive and metastatic 

disease associated with BRAF mutation, BRAF mutation in 

patients undergoing resection of CRLM is low (2%-4%) [41]. 

TP 53: 

TP53 mutations in patients with CRLM is between 40 to 60% [44]. 

Though its role in the pathogenesis of CRC is evident, its exact 

effect on the prognosis of CRC and the development of CRLM is 

not clear, with conflicting reports from different researchers 

[45,46].  

PIK3CA (Phosphoinositide 3-kinase catalytic subunit alpha): 

PIK3CA mutations result in loss of apoptosis, increased tumor 

invasiveness and resistance to EGFR blockage [47]. Mutant 

PIK3CA mutations are reported n 20% CRLM, and is associated 

with shorter time to recurrence, and worse overall survival [48]. 

APC mutation: 

APC is reported in almost 50% of CRLM, but by itself it does not 

seem to carry any prognostic significance [49]. When occurring 

along with PIK3CA mutation it portends a poorer OS (overall 

survival).  

 

MMRD (Mismatch Repair Deficiency): 

MMRD mutations result in impaired ability to correct DNA errors. 

The usually affected proteins include MLH1, MSH2, MSH6, 

PSM2 [50]. Sporadic MMRD mutations occur more commonly in 

right sided colonic tumours, in elderly patients and in early-stage 

cancers [51]. 

 

Thus, the genes involved in CRC and CRLM are numerous, 

including k-RAS, BRAF, APC, MMRD, TP53, etc; which provide 

significant prognostic information, and information regarding 

mutation specific surveillance [52].  

 

Role of Biopsy: 

Biopsy of CRLM should be avoided. The problem of needle track 

seeding is well documented, and varies from 10-16% [53,54,55]. 

 

Treatment of CRLM:  

LOCO-REGIONAL vs SYSTEMIC: 

Loco-regional treatment is directed towards the site of the primary 

disease and the regional lymph nodes. In CRC, understanding the 

nature of disease has led to CRLM being recognized a loco-

regional disease, and treatment direct to the liver, i.e. surgery, 

trans-arterial treatments, or ablation. 

 

Theus multimodal treatment will be seen as the ideal CRLM 

treatment, as it can improve clinical outcomes. CRLM patients 

should be discussed in a multidisciplinary tumor board, in order to 

decide the optimal treatment, the sequence of treatment, operative 

time window, extent of surgery and adjuvant treatment.  

 

Prognostic variables in CRLM: 

 

VARIABLE EVIDENCE 

Clinical indicator 

Node positive CRC 

Recurrence within 12months 

CRLM > 5cm 

Multiple lesions 

CEA > 200 

Fong et al 1999 [Error! B

ookmark not defined.-. 

(CRS scoring system) 

Extrahepatic disease 

Response to chemotherapy 

Fibrotic response to chemotherapy 

Poultsides et al 2012 
[56]. 

Pathology Indicator 

Margin positive resection 

High TIL cells  
Turcotte et al 2014 [57]. 

Molecular Indicators 

CXCR 4 Yopp et al 2014 [58]. 
 

Surgery: 

Factors determining surgical options: 

1. Patient factors: Pre-existing liver disease, cardiopulmonary 

condition and other co-morbidities will greatly determine the 

patient’s ability to withstand major surgery, post operative 

morbidity and the subsequent adjuvant therapy.  

2. Tumor factors [59]: Most patients will receive a short course of 

induction chemotherapy in addition to a EGFR antibody or a 

VEGF antibody, partly to distinguish between favourable or 

unfavourable biology. Tumours responding to systemic therapy 

will fall into the more favourable pathology. Most patients will 

also have a clinicopathological assessment along with a 

mutation analysis to look for a prognostic guide to assess the 

best form of treatment. Several prognostic scoring attempts 
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 have been made, trying to assess the risk of developing 

recurrent disease and extra-hepatic disease [60].  

3. Anatomical factors: Initial restrictions placing limits on the 

size, number and distribution of CRLM is now largely 

superseded and now CRLM are deemed resectable if all viable 

tumor can be removed leaving a sufficient residual liver volume 

[61]. Extra-hepatic disease is also not a contra-indication, if the 

extra-hepatic sites can be resected with a negative margin [62]. 

 

CRLM can be divided into 3 types, resectable, borderline or 

potentially resectable after downstaging or unresectable. Surgery 

for CRLM should always be with a curative intent. The thing to 

always keep in mind is whether all the tumor can be removed 

leaving behind an adequate amount of functioning liver remnant 

(FLR). Too small a remnant can result in post operative liver failure 

which is a dreaded and potentially fatal complication [63].  

 

Factors to remember: disease burden and location, disease biology, 

progression while on systemic therapy, relationship to vascular 

structures (inflow and outflow and relationship to major biliary 

radicles, and background liver health – fatty liver, chronic liver 

disease and chemotherapy associated liver injury; all of which may 

diminish the capacity of the liver to regenerate after resection [64].  

Generally speaking, only 10% of CRLM are resectable up front. 

Another 20 % require downstaging before resection [65]. 

Downstaging is usually done with a 5-FU (% flouro-uracil) based 

treatment usually in combination usually with a targeted agent. 

Because of the availability of increasingly more effective 

chemotherapeutic regimens, all patients with CRLM should be 

given a trial of neo-adjuvant chemotherapy, in an attempt to 

preserve functional liver parenchyma, understand the tumor 

biology and try and avoid more radical surgery [66]. Patients with 

progression of disease while on systemic therapy would generally 

predict a poor prognosis, a higher chance of recurrence and reduced 

OS [67].  

 

Currently, surgical resection of CRLM is the only proven cure for 

CRLM [68].  

 

When the liver metastases are confined to a part of the liver, several 

loco-regional therapeutic options are available, such as surgical 

resection; radiologically guided ablation (cryotherapy or RFA 

(radio-frequency ablation); Hepatic artery high dose chemotherapy 

(HAC); TARE (trans-arterial radioembolization)/ SIRT (Selective 

internal Radiotherapy); systemic chemotherapy, targeted therapies 

or immunotherapy; singly or in combination, usually sequentially 

[69].  

 

Surgery is the only strategy proven to cure hepatic metastases, it is 

a well-established treatment of CRLM achieving a 5-year survival 

of 39 to 58% in patients with isolated liver metastases [70,71].  

 

The 2006 proposed guidelines for surgery for CRLM included 

[72]: 

• All patients with resectable liver metastases from colorectal 

cancer, with the possibility of having R0 resection and 

achieve an adequate residual liver volume should be 

candidates for surgery. 

• A biopsy is not required unless reasonable doubt exists 

regarding the diagnosis and pathology. 

• PET (positron emission technology) scan is recommended 

only in patients with high-risk primary disease, i.e. T4 lesion, 

perforated malignancy, apical node (C2), or poorly 

differentiated carcinoma.  

 

The aim is to remove all macroscopic disease with clear (negative) 

margins and leave sufficient functioning liver. Patients with CRLM 

with extrahepatic disease can be considered for liver resection if: 

 

1. Resectable pulmonary metastases. 

2. resectable isolated extrahepatic sites—for example, spleen, 

adrenal, or respectable local recurrence; OR 

3. local direct extension to, diaphragm/adrenal that can be 

respected. 

 

Morbidity and mortality following liver resection has vastly 

improves with advances in hepatobiliary surgery and are mainly 

related to post operative liver failure secondary to the volume of 

remnant liver [73]. Background liver disease, blood loss during 

surgery, bile leaks, cardiopulmonary complications and intra-

abdominal sepsis affect the morbidity and mortality following liver 

resections [74,75]. Background liver disease like steatosis (fatty 

liver - NASH); chemotherapy associated steatosis - CASH, frank 

liver cirrhosis and alcoholic liver disease can affect the function of 

residual liver after resection and will need to be factored into the 

decision making for CRLM [76]. 

 

Initial experience suggested that a 1cm margin of resection was 

required, and 5-year survival reduced from 45% to 21% if the 

margin was less than 1cm [77]. Subsequently it has been shown 

that lesser margins are adequate if the tumor pseudo-capsule is not 

breached during resection [78,79]. 

 

The number and location of CRLM probably does not affect 

survival in patients with metastases from CRC as long as all 

macroscopic disease is resected. The CRS (Clinical Risk Score) is 

a widely used clinical scoring model to predict tumor biology. It 

includes 5 parameters: node positive primary colon cancer, tumor 

to metastases duration < 12months, largest CRLM > 5cm, CEA > 

200, and solitary against multiple tumours [80]. 

  

With advances in techniques of liver resection, including PVE 

(portal vein embolization) extended resections are possible. 

Resection of one half of the liver with ablation, i.e. RFA/ alcohol 

injection or cryotherapy of small lesions in the other lobe or other 

solid organs becomes possible. 2 stage hepatectomy or ALPPS 

makes extended liver resection possible.  

 

Resection of CRLM: Surgery involves various levels and types of 

a hepatectomy, required to remove all viable tumour leaving 

behind an adequate FLR (functional liver remnant). Options 

include: 

 

• Parenchyma sparing liver resection – this type of liver resection 

involves a non-anatomical resection, preserving as much 

parenchyma as possible. This results in a lesser incidence of 

post operative liver failure and a lesser operative risk and seems 

oncologically adequate [81].  However, such liver resections 
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 more often require repeat liver resection for recurrence in part 

of the liver that may have been resected in a anatomical 

hepatectomy [78]. 

• Formal anatomical resection – involves segment related 

anatomical resection according to anatomical landmarks, 

which may extend upto a formal left or right hepatectomy or a 

right or left tri segmentectomy or extended hepatectomy. 

• Repeat hepatic resection, as is resection in the presence of 

oligometastatic disease; is justified [82]. 

• Portal vein embolization – in an attempt to promote 

hypertrophy of the future remnant. PVE (portal vein 

embolization) is now increasingly being with hepatic vein 

embolization (HVE) [83]. The DRAGON trial showed that 

PVE + HVE resulted in better hypertrophy of the liver remnant 

leaving a much higher FLR with improved resectability [84]. 

• Two stage hepatectomy - Classical two-stage hepatectomy 

involves an initial resection with contralateral portal vein 

ligation, followed by a second resection 4-8 weeks later. Portal 

vein ligation appears to cause a similar hypertrophy of the liver 

on the contralateral side [85]. 

• ALPPS – associating liver partition with portal vein ligation for 

staged hepatectomy. ALPPS (Associating liver partition with 

portal vein ligation for staged hepatectomy) involves right 

portal vein ligation with in-situ splitting of the liver. And 

induces rapid and extensive hypertrophy of the FLR allowing 

for a more extensive resection [86]. ALPPS seems to improve 

the resectability of CRLM more than TSH (two stage 

hepatectomy) (LIGRO trial) [87,88,89]. Advances in surgical 

techniques at specialist centres have demonstrated that a 70% 

hepatectomy can be achieved with a mortality rate of <5% [90].  

 

Timing of Surgery: Synchronous Liver Metastases: 

Synchronous CRLM can be offered surgery either primary colon 

first, liver metastases first or simultaneous liver and colon lesions 

at the same time. Irrespective of whether the colon or liver is treated 

first, or simultaneous, these patients should all get neo-adjuvant 

chemotherapy.  

 

The Primary first approach: 

This is the most common approach, especially true when the 

primary lesion is the cause of symptoms, like bleeding, perforation 

or obstruction [91]. Traditionally, surgery for synchronous liver 

metastases from CRC is approached in 2 phases, that include 

surgery for the colorectal cancer followed by chemotherapy and a 

delayed resection of the CRLM [66]. The problem with this 

approach is the possibility of progression of the liver disease till 

the time hepatectomy is done, and the higher chances of recurrence 

after resection [92]. Patients with symptomatic primary CRC will 

need a colonic surgery first, to relieve the obstruction, bleeding, 

pain or perforation. 

 

Simultaneous Liver and Colon approach: 

In 2007 Reddy et al analysed retrospectively the data from 135 

simultaneous colon-liver resections with 475 staged resections. 

They found a shorter combined hospital stay after simultaneous 

resections and similar morbidity and mortality after minor liver 

resections in both the groups. When major liver resections were 

required, the combined severe morbidity and mortality were much 

higher after simultaneous colon and liver surgery [93]. In 2019 

analysis of database, Jones et al reported that major complications 

were much higher in patients undergoing simultaneous liver and 

colon surgery [94]. Additionally, patients undergoing simultaneous 

liver and colon resection, seem to have a worse progression free 

survival and a poorer overall survival [95,96]. However, this 

interpretation may be biased, in view of patients undergoing 

simultaneous resections have received lesser chemotherapy, 

whereas also having had many more minor liver resections. Among 

patients having staged resections, natural progression of the disease 

between the two procedures would have automatically been 

excluded from analysis. Thus, there seems to be no major 

difference in morbidity and overall survival in simultaneous or 

staged resections [97]. 

 

Liver first approach: 

Liver first has been advocated in certain scenarios, viz; [98,41] 

 

1. following the downstaging of inoperable liver disease to 

operability and asymptomatic primary. 

2. synchronous operable tumours, but the liver lesion is seemed 

more urgent in view of their size or location, where waiting 

may convert the liver to inoperable. 

3. In the specific instance of rectal cancer, where radiation of 

the primary tumour and its resection after a prolonged course 

of radiation, provides a chance for resection of the liver 

metastases without significant delay.  

 

There have been no RCTs comparing liver first versus colon first 

versus simultaneous resection in patients with synchronous 

CRLM; and it is understandable how it may be difficult to 

randomize patients. Thus, every center has offered individualized 

treatments, either liver first or colon first and there is an obvious 

selection bias. However, all the trials and studies since then, and 

the subsequent surveys and metanalyses, have shown no significant 

difference in disease free survival and overall survival in both the 

groups [99,100,101,102].   

 

Local Ablation Techniques: 

In medically unfit patients, many alternatives or adjuncts to surgery 

aided by interventional radiology are now available. At least if not 

replacement, these form auxiliary treatment strategies. The most 

useful procedures include percutaneous thermal ablation 

(Radiofrequency ablation – RFA OR Microwave ablation – 

MWA). In addition, there are trans-arterial therapies like TACE 

(trans-arterial chemoembolization) and TARE (trans-arterial radio-

embolization) or SIRT (Selective internal Radiation Therapy) 

[103].  

 

RFA/ MWA – is suitable for patients with small tumours (<3cm) 

and low number of lesions (<4). The AmCORE study concluded 

that RFA was non-inferior to surgical resection for CRLM for 

suitable size and location [104]. Some authors, in retrospective 

studies have reported that patients who received RFA had a 

survival rate similar to that observed in partial hepatectomy, while 

others found better survival after surgery [105]. Still RFA has a 

place in the management of patients with CRLM for patients who 

are not candidates for surgery, as adjunct to surgery, for early 

recurrences and intra-operatively for lesions in addition to surgical 
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 resections. 

 

Before the discovery of RFA/ MWA, cryotherapy or freezing was 

an option that was used intra-operatively. Cryotherapy of the 

involved or inadequate resection considerably improves local 

disease control and may allow a greater proportion of patients to 

undergo potentially curative treatment [106]. Of late MWA has 

gained more popularity over RFA for the advantages it provides. 

Faster, higher intra-tumour temperatures, larger volume and with 

no effect of heat dissipation, high impedance, and no effect of low 

conductivity or penetrance [107]. Tumours 5cm or more are 

unsuitable for RFA/ MWA and proximity to vascular structures is 

a limiting factor for RFA. 

 

Intra-arterial therapy:  

Hepatic trans-arterial chemoembolization (TACE) involves the 

infusion of drugs directly into the liver vessels, i.e. the arterial 

supply to the liver metastases. TACE cannot be used to treat 

metastases more than 5–6 cm in diameter [108]. TACE aims to 

infuse chemotherapy drugs into small-calibre arteries of liver 

metastases, thus combining both ischemic and cytotoxic effect that 

led to tumor cells’ death. CRLM derive a predominantly arterial 

supply which is useful in TACE. Lipiodol-emulsified 

chemotherapy agents (including irinotecan, oxaliplatin or 

doxorubicin) are injected with embolic particles, often polyvinyl 

alcohol or gelfoam, into the hepatic arteries supplying metastatic 

lesions while sparing the surrounding normal liver parenchyma. 

Drug eluting beads have improved the delivery of cytotoxic 

chemotherapeutic agents to the CRLM, allowing a higher dose to 

the tumour over a prolonged time [109].  

 

Hepatic Artery Infusion (HAI) therapy: Since the blood supply to 

CRLM is predominantly arterial, and the liver metabolizes the 

chemo-therapeutic agent allowing for a higher dose to the 

metastases and reducing the systemic side effects [110]. HAI is 

delivered via a surgically or percutaneously placed hepatic arterial 

catheter. The affection of quality of life with a procedure, and the 

adverse effects of the drug was thought to outset the benefit, 

however, with newer drugs the side effects are considerably lesser; 

and the procedure is used as a pretreatment to downstaging CRLM. 

 

TARE (Trans-arterial Radio-embolization): 

Administration of a radionuclide [yttrium (Y)-90, or holmium-

166], connected to either resin/glass particles or bio-resorbable 

microspheres into the hepatic artery, which produce their 

therapeutic effect by irradiating the surrounding tissues. Y90 or 

Ho166 are beta particle emitters, with radiation penetration in 

tissues limited to 10mm [111]. Initial experience on SIRT/ TARE 

was quite promising in chemotherapy refractory disease; with 

significantly improves OS in these patients [112,113]. With the 

available evidence, now SIRT is recommended in patients with 

unresectable or ablatable colorectal liver metastases with 

progression or are refractory to both oxaliplatin-based and 

irinotecan-based chemotherapy, with five or fewer liver tumours, a 

percentage tumour to liver volume of ≤ 25% [114]. 

 

Treatment of CRLM and other liver directed therapies have shifted 

the cause of death in metastatic CRC to elsewhere. Lung 

metastases is second to liver in terms of incidence of metastases in 

CRC. Patients who have their lung metastases resected, have a 

much higher 5-year survival against those who don’t; 57% vs 13% 

5-year survival [115]. Approach to thoracic and mediastinal nodes 

is uncertain, and positive thoracic nodes may preclude surgery for 

lung metastases.  

 

Peritoneal carcinomatosis happens in 25% patients with metastatic 

CRC. Treatment of peritoneal carcinomatosis is done by 

cytoreductive debulking and HIPEC (hyperthermic intra-peritoneal 

chemotherapy). HIPEC with cytoreduction results in palliation and 

prevention of adhesive obstruction, palliation of GI symptoms, and 

resultant interruptions of chemotherapy and hospitalizations [101]. 

A 2003 randomized trial of HIPEC versus standard chemotherapy 

showed nearly doubling of survival in patients undergoing HIPEC 

[116]. HIPEC remains popular because of acceptable morbidity 

and mortality in experienced centres with nearly 27% 5-year 

survival. 

 

Bone, Extra-abdominal lymph node and brain metastases portent a 

poor outcome and are often treated symptomatically along with 

systemic chemotherapy. Modern chemotherapy along with 

biological agents and immunotherapy, have revolutionized the care 

of patients with metastatic disease from CRC. 

 

Minimally invasive (laparoscopic and robotic surgery) for 

abdominal (colonic and hepatic resection) and for thoracic disease 

has made recovery faster with lesser peri-operative morbidity and 

faster recovery. 

 

Influencing Factors: 

Role of chemotherapy: 

Neo_Adjuvant Chemotherapy:  

The role of neo-adjuvant chemotherapy is not certain. Once upon a 

time, there was little doubt that neo-adjuvant therapy is helpful. But 

there is no level 1 evidence that neo-adjuvant therapy improves 

overall survival, but there is evidence that pre-operative 

chemotherapy prolongs recurrence free survival [117,61]. 

Furthermore, unresectable lesions may be rendered resectable 

following chemotherapy [118,119]. However, this improvement in 

recurrence free survival doesn’t seem to translate into better overall 

survival. So, probably neo-adjuvant chemotherapy will probably 

no longer be a default option in resection of CRC and CRLM 

[120,121]. The JCOG0306 trial showed that routine pre operative 

chemotherapy was not beneficial. However, practice will take 

some time to change, due to lack of understanding and knowledge 

among all the doctors looking after these patients. The EPOC trial 

compared 6 cycles of perioperative FOLFOX (3 before and 3 after 

surgery) to no chemotherapy. They found an improvement in 

disease free survival (20.9 versus 12.5 months) but there was no 

difference in OS 61. Pre-operative chemotherapy does not seem to 

confer any advantage over adjuvant chemotherapy in terms of OS 

[122].  

 

One also needs to consider the role of EGFR antibody in the neo-

adjuvant or adjuvant setting. The new EPOC phase 3 trial 

randomized wtRAS mutation tumours to chemotherapy with or 

without cetuximab, before and after resection of CRLM. 

Cetuximab seems to have an adverse effect of progression free 

survival as also on the OS [123]. Also, the post relapse survival 
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 was worse in the Cetuximab group.  

 

The role of anti-angiogenesis is also unclear at this point in time. 

Constantinidou et al studied the effect of chemotherapy alone with 

bevacizumab with chemotherapy. They found pathologic complete 

response in 11 out of 94 patients in both groups and there was no 

difference in OS between responders and non-responders [124]. 

 

Adjuvant Chemotherapy: 

It remains unclear whether adjuvant chemotherapy after R0 

resection improves OS. It is now general practice to prescribe 

chemotherapy to patients with high-risk features with CRLM that 

have undergone complete resection. Patients with low-risk features 

(metachronous disease, oligometastatic, well differentiated, R0 

resection and low risk mutation analysis) may be managed with 

surgery alone [125]. 

 

Conversion Chemotherapy: 

In the event of primarily unresectable CRLM, upfront 

chemotherapy may be considered with a view to reducing tumor 

burden to render it resectable (conversion chemotherapy). 

Oxaliplatin based or Irinotecan based chemotherapeutic regimens, 

with or without targeted therapy may be tried for conversion or 

rescue chemotherapy.  

 

The phase III TRIBE trial and phase II Olivia trial used a triplet 

regimen (FOLFOXIRI) ± bevacizumab, resulted in a high resection 

rate but increased toxicity [126,127]. Tomasello et al found that 

FOLFOXIRI-bevacizumab resulted in a surgical conversion rate of 

39% with 28.1% of R0 resections [128]. Similarly, FOLFOX6-

bevacizumab led to 23.1% being operated, including 15.4% of R0 

resections. The TRICC0808 trial had a median 36.8 months 

survival in patients treated with hepatectomy after mFOLFOX6 

and Bevacizumab, although most of the patients developed 

recurrence [129]. 

 

Similar findings were reported by the CELIM [104] and PLANET 

[130] phase 2 trials [131].  

 

The phase 3 PARADIGM trial was the first to show the superiority 

of panitumumab in combination with chemotherapy over 

bevacizumab [132]. In the KEYNOTE-177 phase 3 trial an 

unprecedented PFS and OS was achieved with the use of 

immunotherapy with Pembrolizumab [133]. 

 

Targeted Therapy: 

Targeted therapy involves blockage of receptors or growth factor, 

like anti EGFR (epidermal growth factor receptor) or VEGF 

(vascular endothelial growth factor); and international guidelines 

now recommend chemotherapy along with targeted agents as first 

line of therapy in suitable patients [134].  

 

EGFR antagonists: 

EGFR mutations are rare in CRC, rather the protein overexpression 

in 40-50% patients [135]. EGFR alterations in CRC are poorly 

distinguishable, and therefore their predictive role is unclear. But, 

the clinical role of two downstream members (KRAS and NRAS) 

are more clearly demonstrated [136]. The two main pathways 

activated by EGFR are the RAS–RAF–MAP kinase pathway and 

the PI3K–PTEN–Akt pathway which are responsible for cell 

proliferation, migration, differentiation, and apoptosis [137,138]. 

EGFR protein overexpression results in oncogenic point mutations 

in the KRAS, NRAS, BRAF, and PIK3CA genes (reported in 

approximately 40%, 5%, 10%, and 20% of CRC cases, 

respectively), and PTEN loss of function [124]. 

 

Intra-tumour heterogeneity explains the occurrence of cells with 

different cancer clones, carrying different genetic and molecular 

alterations [139]. This heterogeneity could explain the primary and 

secondary resistance to chemotherapeutic and biological agents 

[140]. A fraction of CRCR cells that carry a resistance mutation 

may not prevent a transient clinical response to a specific drug, but 

the duration of the response is relatively short for the rapid clonal 

expansion of the resistant cancer cells.  

 

The CAPRI-GOIM trial tried to assess the relevance of 

heterogeneity of KRAS, NRAS, BRAF, and PI3KCA mutations on 

the clinical activity of anti-EGFR therapy. At that time cetuximab 

was the anti EGFR drug available.  

 

A metanalysis of randomised trials by Petrelli et al, found that 

addition of cetuximab or panitumumab to oxaliplatin or irinotecan 

regimens increased response rates in patients with initially 

inoperable CRLM [141]. But surprisingly, in a trial with triplet 

therapy, FOLFOXIRI with or without panitumumab showed to 

difference in OS or PFS [142]! The CAPRI-GOIM study found; in 

7/10 cases of low KRAS mutations; the presence of additional 

mutations in PIK3CA, TP53, BRAF, ERBB2, FGFR3, and/or 

FBXW7 genes, which could equally contribute to anti-EGFR 

cancer cell resistance. Thus, there is a certain subset of patients 

with mixed genotype, which could prove resistant to single targeted 

agent [143]. One third patients may develop secondary resistance 

to EGFR blockage, by development of RAS mutant cancer 

subclones; and by mutations in the EGFR extra-cellular domain 

[144].  

 

EPHA2, AXL, are potential downstream receptors; mutation in 

which could contribute to EGFR blockage resistance. Cetuximab 

could promote the presentation of tumour antigen to the immune 

system and dendritic cells, through presentation of tumour antigen 

to T-cells [145]. Also, cetuximab may promote NK cell mediated 

antibody dependent cellular toxicity [146]. Based on these findings 

researchers are now investigation the combination of Cetuximab 

with immune check point inhibitors in various cancers. The CRC, 

the AVETUX trial (Avelumab + Cetuximab + FOLFOX) is 

showing promising results [147]. Boosted by the findings a re more 

intensive AVETRIC trial is underway (Avelumab + Cetuximab + 

FOLFIRI). 

 

Rechallenge with EGFR blockage is another interesting prospect, 

which allows clonal selection before retreatment with EGFR 

blockage like Cetuximab or panitumumab [148]. The CRICKET 

trial was the first proof of concept study looking at the benefit of 

rechallenge with Cetuximab and irinotecan [149]. 

 

Anti-Angiogenesis Agents: 

Bevacizumab is the only VEGF (vascular endothelial growth 

factor) antagonist that is approved for the treatment of metastatic 
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 CRC. Bevacizumab improves OS and PFS on addition to any 

irinotecan based or oxaliplatin based chemotherapeutic regimen 

[150,151,152] regardless of the RAS status. The OLIVIA trial and 

the TRIBE trial both showed an overall improved response rate, 

PFS and improved R0 resection rates after addition of 

Bevacizumab [153,154].  

 

The FIRE-3 trial compared the addition of cetuximab to FOLFIRI 

versus the addiction of bevacizumab to FOLFIRI, while the PEAK 

trial compared FOLFOX + Panitumumab versus FOLFOX + 

Bevacizumab; and both suggested a slightly better response to 

EGFR blockage [155,156]. While the CALGB trial showed no 

difference in the two arms, either EGFR blockage or VEGF 

blockage [157]. 

 

Novel Agents: 

Regorafenib:  

Regorafenib is a multi-kinase inhibitor, which blocks a wide range 

of kinases involving oncogenic pathways [158], and it has shown 

improved OS in many randomized control trials [159,160]. 

 

Gefitinib/ Erlotinib: 

Gefitinib and Erlotinib are both non-specific EGFR tyrosine kinase 

inhibitors that inhibit the EGFR pathway. The DREAM trial tried 

a combination of Bevacizumab and Erlotinib and showed an 

improved OS and PFS with the combination [161]. Another study 

from 2017, showed that Erlotinib may benefit pts with KRAS-wild-

type CRC, specifically those with left-sided primary tumours, and 

likely harms those with KRAS-mutated CRC [162].  

 

Vemurafenib: 

BRAF mutated CRLM tend to be aggressive and associated with a 

poor prognosis. Vemurafenib targets BRAF mutation with EGFR 

blockage with promising results in some reports [163,164].  

 

Selumetinib: 

Selumetinib is a MEK kinase inhibitor that targets patients with 

KRAS mutation CRC that have not responded to oxaliplatin [165]. 

 

Other agents being investigated for use in CRLM and metastatic 

CRC, like Famitinib [166], which inhibits multiple receptor 

tyrosine kinases. Dual blockage with immune check point inhibitor 

and angiogenesis or multi-kinase inhibitor is another strategy being 

investigated. An initial trial in a small group of patients combining 

Camrelizumab with Famitinib has shown effectiveness in rectal 

cancer patients [167].  

 

Newer molecules being tested: Many new therapies are being 

evaluated. Many have been set aside due to unacceptable toxicity, 

but here is a list of the more promising ones: Fruquintinib, 

nintedanib, VGX-100, tanibirumab, vanucizumab, Tegafur-

Gimeracil-oteracil, Saikosaporin-B2, Raltitrexed, Apatinib, 

Pyrivinium, Ramucirumab, Anlotinib, Olaparib, Axitinib, 

Encorafenib, Simtuzumab, Tivozanib, Tipifanib, Aflibercept, 

Berberine, Fucoidan, Resveratrol, Topotecan and many others 

[156]. All of these acts through interaction with VEGFR-3, 

VEGFR-3, VEGF-C, VEGF-A, Angiopoetin-2, and many other 

downstream proteins in the EGFR/ RAS pathway. Immune 

checkpoint inhibitors (ICIs), chimeric antigen receptor (CAR) T 

cell therapy, T cell receptor (TCR) alterations, and cytokine 

therapy have recently emerged as effective treatments for CRC 

[168]. VEGF inhibitors, ramucirumab and aflibercept have already 

been approved for second-line therapy for the treatment of 

metastatic RC [169]. 

 

Immunotherapy: 

Agents: Pembrolizumab, Dostarlimab, Relatimab, Avelumab, 

Atezolizumab, Cemiplimab, Nivolumab, etc have been used in 

metastatic CRC with some benefit. Immune therapy is based on the 

concept that cancer cells evade the immune system by several 

mechanisms [170]. Tumors suppress T-cell function, suppression 

of CD4 and CD*+ lymphocytes, loss of MHC expression and 

upregulate immune checkpoint molecules likePD-L1 [171]. The 

KEYNOTE 224 [172]   trial studies Pembrolizumab, 

CHECKMATE 142 assessed Nivolumab [173], and then further 

Nivolumab + Ipilumumab [174]. All these showed 69 to 90% 

response in metastatic CRC. Responses appeared to be stable and 

71% had remained progression free at 12 months regardless of PD-

L1 expression of tumor tissue [175]. It seems that response is 

durable, lasted anywhere from 1.6 months to 22.7 months, with 

78% of responses lasting more than 6 months [176]. But, there have 

also been trials where immunotherapy has failed. The IMBlaze 370 

study failed to show response to a combination of Atezolizumab 

(PD-L1 inhibitor) with Cobemitinib [177]. The MODUL trial 

failed to show improvement when Atezolizumab with 

Bevacizumab with fluoropyrimidine [178]. 

 

There is obviously a lot we need to understand. Immunotherapy, 

targeted therapy and cytotoxic chemotherapy will surely see more 

improvements as the science and understanding progresses. 

 

Vaccine: 

Vaccination is another type of immunotherapy, where vaccination 

along with immune checkpoint inhibitor is expected to amplify the 

immune response. Dendritic cell (DC) vaccine therapy was tried in 

the past. DC vaccines have historically performed poorly in clinical 

trials for cancer, but renewed interest in this immunotherapeutic 

strategy has been sparked by the relative success of Sipuleucel-T 

for prostate cancer and immunomodulatory agents that may 

synergistically improve DC function [179]. 

 

CAR-T (Chimeric Antigen Receptor-Transfer) therapy: 

CAR-T therapy has been a huge success in treating hematological 

cancers. In solid tumors may trials are underway. T cells expressing 

human GUCY2C-targeted chimeric antigen receptor have shown 

potential to eliminate CRC metastases in the mice model [180]. 

 

Liver Transplantation: 

Given the success that surgery offers in cure and control of CRLM 

in comparison to chemotherapy alone, the possibility of total 

hepatectomy followed by OLT (Orthotopic liver transplant) was 

firdt attempted in the 1990s. The results were a dismal 12 to 21% 

5-year survival [181,182]. In 2006, given the favourable deceased 

organ to recipient ratio in Norway, DDLT was assessed by the Oslo 

University Hospital Group in unresectable CRLM, (the SECA trial 

[183]). In this carefully selected group of 21 patients with 

unresectable CRLM, they achieved a 1, 3, and 5-year OS of 95%, 

68%, and 60% [184]. 
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With the lessons learnt from the SECA 1 trial, the SECA 2 trial is 

currently underway, with more stringent selection criteria, and with 

preliminary results showing overall survival at 1, 3, and 5 years of 

100%, 83%, and 83%, respectively [185].  

 

Conclusion: 
One of the major problems faced, is the lack of knowledge and 

understanding amongst medical professionals and specialists who 

are often involved in the care of patients with CRC and CRLM. As 

late as 2015, in a study from Michigan, even oncologists believed 

that bi-lobar disease, number of lesions, or tumor diameter; as 

contraindications to surgery [186]!! In an interesting observation 

from Netherlands, it was noted that involvement of specialists in 

HPB surgery and radiology resulted in 20% patients being assigned 

to locoregional therapy with curative intent, as opposed to 

palliative chemotherapy [187]!!  

 

Targeted therapy, Immune therapy and advances in cytotoxic 

chemotherapy may increase the survival of patients with CRLM. 

As advances in surgical techniques improve, survival is expected 

to get better and cure is a realistic possibility. With the 

developments in organ transplantation and better organ donation 

rates liver transplantation for CRLM is set to revolutionize the 

treatment of colorectal cancer with liver metastases. 
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