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Preface

Liver tumor management has evolved over the last 20 years. For both primary and metastatic liver malignancies, there is a large number of alternatives that can lead to improved outcomes. Considering that all patients need a multidisciplinary ap-proach, oncologists, physicians, surgeons, radiologists and pathologists really need to create multidisciplinary teams in which, on a case-by-case basis, optimal outcomes should be the main endpoint. The surgical approach has arisen as the cornerstone of all these advances as, at some point, full recovery requires the malignant areas to be fully cleared. 
Liver metastases have traditionally been considered as the last stage of onco-logical disease. Patients would be referred for palliative chemotherapy and just a few would have had “miraculous” responses due to unknown circumstances. Since the be-ginning of the first decade of the 21st century, the scenario for the management of these patients has dramatically changed. The early series of Rene Adam, which demonstrated improved outcomes after surgical resection for colorectal liver metasta-ses, have now become standard practice. The surgical approach has demonstrated that for some patients it turns into a feasible and safe alternative. 
In the modern management of liver tumors, oncologic management has switched from the maximum tolerable strategy to the minimum effective one. In other words, less is more in the oncological global approach to our patients. Nowadays, the approach to liver malignancies, including metastatic tumors, has a new ally, which is the minimally invasive approach. Several laparoscopic and robotic series have demon-strated that a less aggressive approach than the classic open one may offer patients improved outcomes with reduced complications. Performing an optimal resection with no complications and adjusting adequate timing, type and dosage of chemotherapy, leads to improved outcomes. Multidisciplinary teams nowadays have to strike a bal-ance between individualized biological-based chemotherapy, percutaneous strategies, surgical approaches (from minimally invasive procedures to radical extreme resec-tions or two-stage surgeries), and even liver transplantation in very carefully selected cases. 
This book offers a whole range of modern strategies for managing  secondary liver malignancies. From diagnosis to non-operative strategies, with the emphasis on operative procedures, there are many possibilities for the patient in terms of treat-ment pathways. All of them are important and necessary. For the benefit of our pa-tients, a deep knowledge of current evidence may lead to improved outcomes, a better quality of life, optimization of resources and a proper application of evidence-based medicine. 
Go Wakabayashi. MD, PhD. FACS
Director, Center for Advanced Treatment of Hepatobiliary and Pancreatic Diseases, Chief, Surgical Services. Ageo Central General Hospital. 1-10-10 Kashiwaza. Ageo City. Japan. 
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1.
Genetic profile of colorectal cancer liver metastases
Joanna Niemiec, Andrzej Jasiewicz, Barbara Niemiec, Artur Kowalik

INTRODUCTION
During progression of colorectal cancer, the acquisition of metastatic potential and the cancer cell transformation progress in parallel and influence genetic profile of future metastases of colorectal cancer (CRC) to liver. The first event in cancer progression (initiation) is primary mutation (or mutations), which lead to a cellular proliferation and impaired program of cell differentiation. During the first step of cancerogenesis (stage 0 colorectal carcinoma or carcinoma in situ) abnormal cells are found only in the innermost layer (mucosa) of colon and/or rectal wall. The next steps of cancer progression are a consequence of new genetic and epigenetic events, acquired by cancer cell, leading to changes in their morphology and function and to switch-on the programme of cancer stroma remodelling. The above-mentioned processes and a plethora of interactions, could be divided into the following steps: disaggregation of malignant cells (detachment from the primary tumour, migration and spread into nearby normal tissue and disruption of tissue architecture), intravasation (penetration of the wall of blood or lymphatic vessel and entrance into bloodstream), evasion of the immune system (cell survival in the hostile environment of the systemic circulation). The process of CRC cells extravasation and liver parenchyma infiltration is divided into four interrelated phases: (1) microvascular phase with arrest of circulating malignant cells infiltrating the liver within the hepatic sinusoids and with their adhesion to the endothelium, which is followed by extravasation, (2) interlobular micrometastasis phase with evasion of host defences; (3) angiogenic micrometastasis phase; and (4) established hepatic metastasis (colonisation of target organ) [1]. At each step of cancerogenesis and metastatic cascade selection of cancer cell clones takes pace. This process shapes the genetic makeup of secondary tumours, and is responsible for its clinical appearance. The disease-free interval between primary tumour and relapse, which is frequently observed in the clinic, results from presence of dormant micrometastases in multiple tissues. The length of the aforementioned interval depends on the process of transformation from micrometastases into detectable macrometastases [1–19].
1.1. 	ACQUISITION OF METASTATIC CAPACITY – GENETIC PATHWAYS OF COLORECTAL CANCER TUMORGENESIS
The knowledge about driver[1]/hereditary mutations and further mutational cascade is very important for genetic counselling, especially in case of families with high-risk of CRC, because it helps to plan prophylactic strategies and predict clinical course of the disease (Table 1.1) [20–30]. 
1.1.1.	CANCEROGENESIS MODELS AND CLASSIFICATIONS OF COLORECTAL CANCER 
The ideal model of cancer progression should explain both dynamic of cancer growth or metastases formation and bring some predictive information. In case of CRC such model has not been proposed. Although molecular markers (testing KRAS, NRAS, BRAF gene status) are the most important in selection of molecularly targeted therapy for metastatic CRC patients (see below).
These pathways of CRC development may be determined on the basis of its molecular features: (1) the pathway activated by mutations in APC (Adenomatous polyposis coli), characterized by chromosomal instable (CIN)[2] phenotype, (2) the pathway initiated by mutations in DNA mismatch repair genes (MMR)[3], leading to a DNA microsatellite instability (MSI) [4] phenotype, (ii) the pathway initiated by global genome hypermethylation, resulting in switch-off of the tumour suppressor genes, indicated as CpG island methylator phenotype (CIMP)[5] [21, 25].
According to CRC sequence model, proposed by Fearon and Vogelstein, certain mutations are directly related to different stages of tumour development. The best example of this model is cancerogenesis on the basis pathway activated by mutations in APC[6] mutation which is depicted on Figure 1.1 [20–24]. Hereditary or somatic APC mutation is an initial/driver mutagenic event (ie. tumour initiation), leading to differentiation defects and other gene mutations (TP53, KRAS, TP53, DCC: Deleted in Colorectal Cancer, BRAF, TGF-b: transforming growth factor β, PI3KCA: Phosphatidylinositol 3-kinase, GNAS: Guanine Nucleotide Binding Protein: G Protein, AKT1, ARID1A and SOX9, etc.). The above-mentioned additional mutagenic and/or epigenetic events, collectively known as tumour promotion, are responsible for the proliferation of mutated cell clone or clones, growth[7] and progression of colorectal cancer. CRC developed based on APC mutation are characterised by chromosomal instability (CIN)[8] and as a consequence of CIN, by is the loss of tumour suppressor genes[9] (Figure 1.1). Hereditary APC mutation is responsible for Familial Adenomatous Polyposis [21]. In the Table 1.1 other hereditary mutations related to CRC risk are presented [20–24]. The most frequently CRC develops on the basis of hereditary or somatic APC mutations (60–56%). In case of hereditary APC mutation the risk of CRC is 2–4% (Table 1.1). 
In the pathway initiated by mutations in DNA MMR, related to MSI phenotype, called the Lynch syndrome (hereditary non-polyposis coli), initial/driver mutagenic events are mutations in MMR, i.e..: MLH1, MSH2, PMS2, MSH6 (Table1.1). In MMR-related CRC, about 20% of cases results from germline mutations, while about 80% of cases from epigenetic silencing. Lynch syndrome is less frequent (Table 1.1) than Familial Adenomatous Polyposis, Patients with CRC characterised by MSI have a better prognosis than microsatellite stable patients. Moreover it was shown that MMR status could predict response to immune check point inhibitors[10] in metastatic CRC patients [21, 25].
It was shown that CRC developed on the basis of the pathway initiated by global genome hypermethylation (CIMP) present characteristic clinico-pathological features, i.e.: the high rate of mutations (KRAS or BRAF), wild type TP53, proximal colon location, mucinous histological type, higher age at diagnosis, poor differentiation, and higher occurrence in female gender and older patients. Several of the above-mentioned are also related to MSI. There are conflicting data concerning prognostic and predictive value of CIMP [21, 25]
An alternative to the above-mentioned hypotheses of cancer development and progression, is the “Big Bang” hypothesis of colon cancer evolution. This model was proposed after experiments with extensive multi-regional tumour sampling and reconstruction of topographic distributions of public (acquired before growth) and private (acquired during growth) mutations. “Big Bang” model is based on the concept that the majority of genomic alterations accumulate during the early stages of carcinogenesis, before the development of a big tumoural mass. It was shown, and that even small polyps have multiple pathogenic mutations in crucial driver genes (APC, KRAS/NRAS, BRAF, FBXW7 and TP53). As a consequence, human colorectal tumours grow as single co-clonal expansions, where most of the mutational intratumour heterogeneity (ITH), commonly observed in human tumours, originates from the first few divisions of growth. In this model, tumour growth is an evolutionary process, while many “detectable” private mutations in the final tumour originate from the first few divisions. It was calculated, for a simple exponential expansion at a diploid locus, that frequencies in the final tumour are 50% for public mutations, 25% when a private mutation occurs during the first division, 12.5% during the second division and 6.25% during the third division. [20–24].
Based on the gene expression studies 4 molecular subtypes (CMS) of colorectal cancer has been identified [21]: 
1.	CMS1 (hypermutated): driver mutation: BRAF; characterized by: strong immune activation, high PD1 activation, sensitivity to immune check inhibitors, intermediate prognosis (worse after relapse), diagnosed in 14% of cases, at less advanced stages (I–II).
2.	CMS2 (canonical): driver mutation: APC; characterized by: high expression of WNT and MYC targets; epithelial differentiation, very low immune infiltration and activation, sensitivity to anti-EGFR MAbs, good prognosis (superior survival rates also after relapse), diagnosed in 40% of cases.
3.	CMS3 (catabolic): driver mutation: KRAS; characterized by: upregulation of multiple metabolic signatures (sugar, amino acids, fatty acids, nitrogen), epithelial differentiation, low immune infiltration and activation, intermediate prognosis, diagnosed in 10% of cases.
4.	CMS4 (mesenchymal): genetic/molecular driver: miR-200 (downregulation) TGF-b pathway; characterized by: upregulation of genes implicated in EMT, activation of TGF-b signalling and VEGF/VEGFR and integrin pathways, angiogenesis, matrix remodelling pathways and the complement-mediated inflammatory system, high stromal infiltration, postulated sensitivity to PDGFRA, KIT, HSP90, poor prognosis (worse overall survival and relapse-free survival), tend to be diagnosed at more advanced stages (III–IV).
The above-mentioned classification could be helpful in treatment selection and improvement of overall survival of CRC patients.
Figure 1.1.

[image: 10031.jpg]

The genetical mechanism of APC gene inactivation. Germinal (hereditary) APC mutation is present in each somatic cell in one of homologous chromosomes. In the second homologous chromosome, APC copy works well and keeps cells healthy. Before the tumour formation, The loss of heterozygosity (LOH) takes place. In cells with a mutated APC gene (in LOH mechanism), there is no functional APC protein, and therefore b-catenin, which is released from complex with E-cadherin and catenins, could not undergo proteasomal degradation (in healthy cell APC before degradation form complex with b-catenin). Then b-catenin is translocated to the nucleus and, as a co-activator of T-cell factor (TCF)-lymphocyte enhancer factor (LEF), activates a key cell-cycle regulatory genes, i.e.: LGR5, c-Myc, Axin2 and cyclin D1, deleted in colorectal cancer (DCC) and TP53.
1.1.2.	MOLECULAR MARKERS WITH PREDICTIVE ROLE FOR COLORECTAL CANCER
Currently decision about adjuvant systemic therapy is made upon colorectal cancer staging called Duke’s classification. Only in case of metastatic CRC molecular testing is applied for prediction of sensitivity to monoclonal anti-EGFR antibodies: cetuximab and panitumumab. The above-mentioned treatment have been available for about a decade and currently patients whose tumours do not show mutations in the KRAS, NRAS and BRAF gene are eligible for it [31].
The stratification of patients for treatment with Cetuximab and Panitumumab is based on the analysis of exons 2–4 in both KRAS, NRAS and BRAF[11]. The presence of mutations in one of these genes is found in about 65% of patients (KRAS in 50%, NRAS in 5% and BRAF in 10% of patients respectively) and it indicates a lack of sensitivity to anti-EGFR antibodies (Figure 1.2). This is because protein products of mutated KRAS, NRAS and BRAF, independently of EGFR (which is upfront regulator of EGFR/RAS/MAPK cascade), cause continuous activation of the MAPK pathway (and therefore cell proliferation) (Figure 1.2) [31]. 
For KRAS or NRAS or BRAF testing, very sensitive detection methods (e.g. qPCR[12], NGS[13] or ddPCR[14]) should be applied, because it is essential to detect a therapy-resistant clones (with a mutation in the KRAS or NRAS or BRAF genes), which may be in the minority in the tumour mass. The testing of these mutations is performed on postoperative material (primary tumour as well as material from metastases to distant organs). However, it should be kept in mind that the concordance of the detected mutations between the primary tumour and metastasis reaches 90% (see next chapter) [31]. 
There are also emerging biomarkers which are not recommended for routine patient management outside of a clinical trial. Amplification of HER2 and MET drive primary (de novo) resistance to anti-EGFR treatment but still there is clear evidence. The prognostic role of PIK3CA mutation is unknown and needs extensive research. However, the exon 20 PIK3CA mutation can predict resistance to anti-EGFR therapy. PIK3CA and PTEN alternations co-occur with KRAS or BRAF mutations. Then PTEN loss of expression is intensively studied by IHC as a valuable predictive biomarker for CRC treatment [31].
Figure 1.2.
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Mechanism of anti-EGFR monoclonal antibodies action and explanation why in tumours with mutation in KRAS or NRAS or BRAF this therapy is ineffective.
1.1.3.	CLONE SELECTION IN CRC LIVER METASTASES – IMPLICATION FOR CONCORDANCE BETWEEN PRIMARY TUMOUR AND METASTASIS
Metastatic CRC disease at presentation includes lymph nodes (35–40%), liver (50–60%), lung (10–30%), and peritoneum (5–20%). Mutational heterogeneity could be explored by mutational discordance between primary tumour and metastases. In case CRC the reported median concordance was 93.7% (range 67–100) for KRAS, 99.4% (range 80–100) for BRAF, 93% (range 42–100) for PIK3CA, 92.9% (range 73–100) for TP53, and 100% (range 90–100) for NRAS. In case of CRC metastases to the liver the level of concordance is above 90%. The results from the published studies point that the greater the number of genes tested, the lower the rate of absolute concordance. KRAS and BRAF was concordant at more than 90% but extending the tested panel to few genes lowers the concordance below 90% (50–80) and finally sequencing of 1000 genes in a separate cohort caused concordance fall to only about 5% between primary tumour and metastases. 
The lower reported concordance could be attributable to intra-tumour heterogeneity and resistance of metastases to the cytotoxic and biologic treatment. It was additionally shown that, metastases possess greater number of mutations then primary tumour. On the other hand, applying sensitive methods could improve concordance. The concordance strongly depends on adequate sample used for testing as well. The liver metastases could be easily biopsied to collect enough material for molecular diagnostics comparing to with metastases to the lung which are more challenging to sample. 
In conclusion there is high concordance across tested biomarkers between primary tumours and their liver metastases, especially in case of markers with predictive value (KRAS, NRAS, BRAF). The above result suggests that molecular testing could be done by using one of the two above-mentioned localizations [32]. 
1.2. 	DISAGGREGATION, INVASION AND INTRAVASATION OF MALIGNANT CELLS
Dissociation or disaggregation is the process, in which tumour cells acquire diverse alterations in gene expression and therefore cellular functions, such as a decrease in epithelial markers (E-cadherin) and an increase in mesenchymal markers (N-cadherin, vimentin, fibronectin etc.), which is called epithelial to mesenchymal transition (EMT). Moreover, in this process the cancer cell, expand migratory and invasive capacities and therefore detaches from the primary tumour and invade surrounding tissues [34, 35, 36].
During this phase, cancer cells interact with neighbouring stromal cells (fibroblasts, macrophages[15], lymphocytes, neutrophils, endothelial cells, dendritic cells, platelets), extracellular matrix (ECM) components (collagen, elastin, laminin, etc.), leading to: (1) neoangiogenesis[16], (2) activation and proliferation of cancer associated fibroblasts[17] (desmoplasia), (3) proteolytic degradation and extracellular matrix remodelling (enrichment in fibrin and collagen-1 stimulating motility of cancer cells), (3) stimulation or blockade of lymphangiogenesis, (4) macrophage recruitment, (5) production and secretion of cytokines and growth factors, (6) lymphatic infiltration (which is favourable prognostic factor both in primary CRC and in liver metastases), etc. [2–19]. Moreover, the plethora of stroma-coupled cytokines, growth factors, proteolytic enzymes and chemokines mediate influx of bone marrow stem cells and progenitor cells. The above-mentioned cells penetrate to the surroundings of the primary tumour and acquire the ability to survive detached from extracellular matrix components (after proteolytic degradation of ECM)[18]. The last ability constitutes a crucial property of metastatic cells [1]. 
Finally, tumour cells invade the basement membrane and endothelium of local blood and/or lymphatic vessels and enter the vasculature [1, 34, 35, 36]. The last process is called intravasation and precedes hematogenous or lymphagenous dissemination of CRC cells to distant anatomical sites [36]. Cancer cells may enter both blood and lymphatic vessels. Intravasation is facilitated by impaired structure of blood vessels formed during cancer neoangiogenesis. It is postulated that entry of cancer cells into the lymphatic vasculature might be easier, because of their permeability and absence of a regular basement membrane. However not all tumours present lymphatic vasculature [35]. It is worth noting that the lymphatic system does eventually drain into the systemic venous system, and therefore, metastatic cells finally spread through the hematogenous route [35]. 
1.3. 	THE CONCEPT OF PRE-METASTATIC NICHE
It is believed that microenvironment of target organ is primed for the arrival, engraftment, and survival of incoming metastatic cells, prior to their arrival. This process is called pre-metastatic niche formation. Most probably, many of cells contributing in pre-metastatic niche formation are derived from the bone marrow. Analysis of the molecular mechanisms has revealed that both secreted soluble factors and membrane vesicles derived from both primary tumour and its stromal cells are key players in bone marrow cell mobilization during pre-metastatic processes [37].
1.4. 	SURVIVAL IN CIRCULATION
After intravasation the vast majority of circulating tumour cells (CTCs) is rapidly destroyed [35]. Platelets, cancer associated fibroblasts and macrophages have an important role during this phase, because they help CTCs to evade the immune system and make extravasation easier, through the following mechanisms: (1) tumour cell-induced platelet aggregation and thrombus formation (primary tumour cells express thrombin to activate specific membrane receptors on platelets) protects CTC from shear stress, (2) help to evade immune system, because: (a) physically shelters them from cytotoxicity of NK cells, (b) platelet-derived TGF-β reduce the inhibiting NK cell activity, (c) while platelet-derived VEGF may inhibit the maturation of dendritic cells, which are major antigen-presenting cells in the immune system; (3) sticking CTCs to blood vessels via specific proteins, (4) releasing degradative enzymes and angiogenic growth factors to facilitate CTCs migration and to support secondary tumour neoangiogenesis (through platelet-derived TGF-β and PDGF) (some of these processes are depicted on Figure 1.3). Aggregates of CTCs surrounded by platelets and thrombus, can be easily trapped by the capillary beds because of their size [35]. Application of anticoagulants (heparin) for metastatic CRC patients might act against formation of clot around thrombus with CTC-platelets complexes and therefore prevent trapping of CTC and their extravasation and metastases formation. As mentioned above, metastatic cancer cells might also fuse with macrophages or cancer associated fibroblasts, which are beneficial for their survival in circulation and/or extravasation [18–19, 34, 35]. 
Some endogenous factors (TNF-α, epiregulin, IL-6, and inflammatory mediators) can increase survival of CTCs in the blood, while others (of chemokine gradients CXCR4, CCR4, CCR7, and CCR9) influence their migration. 
In case of colorectal cancer the development of liver metastasis has been significantly related to presence of CD133[19]/CD54[20]/CD44[21] immunopositive circulating tumour cells [38–41]. Moreover, the above-mentioned immunophenotype was related to poorer survival of CRC patients with liver metastases who did not undergo surgical treatment for this metastases. However, CD133/CD54/CD44 immunopositivity did not affect the survival of patients who had resection for primary tumour accompanied by surgical treatment for metastasis [38–42].
Figure 1.3. 
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The processes of intravasation, transport of CTC in vessels and extravasation in hepatic sinusoids. (1) tumour cell enters capillary via spaces between vascular endothelial cells, after intravasation it takes globular shape. (2) platelet attaches to tumour cell membrane through P-selectin, than activate (3) prothrombin, which is present in blood, attaches to PAR1 and PAR2 proteins on platelet surface, than it is being converted to thrombin and gain ability to convert fibrinogen into fibrin. Thrombin is also expressed on tumour cell membrane and has similar properties as that attached to platelet, (4) active fibrin bind to GP IIb-IIIa on platelle, more fibrinogen and circulating platellae is activeted and attached, (5) fibrinogen also bind integrins on leucocyte membrane, (6) tumour cell covered by platellae and leukocytes is protected from cytotoxity of NK cells, (7) in capilarias tumour cell takes ellipsoidal shape, the first step of extravasation is attachment of CTC-platelets-fibrin-leukocyte complexes to the capillary wall, integrins and sialic-Lewis x presented on tumour cells bind to specific epithelial cell adhesion proteins and epithelial E-selectins, respectively, (8) diapedesis (which is natural feature of leucocytes) is helpful in attaching tumour cell to the epithelium. Additionally, leucocyte membrane’s protein PSGLT-1 attaches to P-selectin on epithelium making initial weak bonds. After that leukocyte’s integrins binds to specific epithelial adhesion proteins with strong bonds. (9) Finally stopped in blood flow, attached to epithelium tumour cell can easily exit blood vessel via spaces between vascular endothelial cells. The information about extravasation in liver sinusoids is provided in Table 1.2.
1.5. 	EXTRAVASATION AND COLONISATION OF HEPATIC PARENCHYMA
Colorectal and pancreatic carcinomas most frequently colonize the liver. The process of extravasation, evasion of host defences colonisation of target organ is explained by two theories. According to Stephen Paget theory, the “seed” – metastatic tumour cells but also a progenitor cell, initiating cell, cancer stem cell, grew preferentially in the microenvironment of select organs – the “soil”. In other words, metastases resulted only when the appropriate “seed” is implanted in its suitable “soil”, or if microenvironment of the target is “compatible” with the properties and requirements of the dispersed tumour cell – metastatic organotropism [33, 35]. Based on the second hypothesis, aggregates of tumour cells and platelets are trapped in small vessels of the first organ they meet, due to their size. In the animal models it was shown that both mechanical trapping (melanoma and sarcoma models) and organ-selective metastasis in the absence of physical trapping has been observed. The last were mediated by adhesion-based arrest or chemo-attraction-based homing of cancer cells (CRC) [35]. 
Several molecules and processed plays a vital role in organ-specific metastasis. For example CXCR4 receptor, is referred to as “homing factors, hypoxia-induced VEGF, MMP-1, MMP-2 and angiopoietin-like protein 4 (key lung extravasation molecule) are responsible for extravasation. 
The colonization of hepatic parenchyma begins in sinusoids and involves all cell populations residing within the sinusoidal lumen or in proximity to the sinusoidal wall i.e.: sinusoidal endothelial cells (SECs), Kupffer cells (KCs), hepatic stellate cells (HSCs) and pit cells (PC). The above-mentioned cell types, which plays a crucial role in hepatic homeostasis, are also responsible for microvascular phase of liver infiltration by malignant cells. They generate multiple tumouricidal and tumourigenic effects, which may either promote the invading CRC cell elimination or liver colonisation (the details are depicted in Table 1). 
The colonization of liver begins with cancer cell extravasation (active entrance of cancer cells from vasculature). The next steps of this process, i.e. interlobular micrometastasis phase, angiogenic micrometastasis phase and established hepatic metastasis, will affect the inner hepatic parenchyma if extravasated CRC cells are able to escape the attack of cytotoxic T cells, monocytes and macrophages, which occupy extra-sinusoidal hepatic tissue and are activated against the metastatic cells. The micrometastases in the hepatic parenchyma remain in a dormant state, the duration of which is unknown. Clinical appearance of macrometastases will be a consequence of reactivation of micrometastases [1]. In order to survive and develop a secondary neoplasm (macrometastases) in the liver, extravasated CRC cells (micrometastases) must undergo the reverse transition from EMT, which is termed mesenchymal-epithelial transition (MET). To survive and generate metastatic foci, CRC cells adjust their signalling network at the hepatic microenvironment (cell kinase profile at the hepatic metastatic sites and primary CRC is significantly different from primary tumour) [1]. The end stage of the colorectal cancer, often observed after the tumour has spread to the liver, is called peritoneal carcinomatosis. This is intraperitoneal dissemination of CRC (or other cancers). However peritoneal carcinomatosis is often considered as the, or as the metastatic site that is alternative to liver metastasis [1, 43]. 
1.5.1.	DORMANCY PHASE
It is clinically known that cancer patients without any clinical evidence, may present long disease-free interval between primary tumour and relapse, because of many dormant micrometastases in multiple tissues [35]. It is suggested that dormancy is related to: (1) angiogenesis suppression, activation of signalling cascades, immune response [35]. Systemic therapy applied after surgery, to patients with high risk of metastases (assessed based on prognostic factors) is aimed at eradication or stabilization of micrometastases in dormant stage.
Dormant stage might be explained by cancer immune-editing hypothesis. According to this hypothesis, there are three phases of cancer growth and developed: elimination, equilibrium, and escape. During elimination phase (cancer surveillance) cells and molecules of the innate and adaptive immune systems protect the host against tumour growth. If this process is not successful, the tumour cells may enter an equilibrium phase, which corresponds to dormancy. Its duration depends on balance between anti-tumour actions of immune system and factors enabling tumour cells to escape from the dormancy (such as chromosomal instability). This process results in clone selection, and may be influenced by hormonal control, diet, autophagy, and metastasis suppressor genes [35]. Immunotherapy (anti-PD1, anti-PDL1 or anti-CTLA) might applied (as a new strategy) to patients with metastatic disease to supress the immunosuppression, and therefore restore the eqiulibrion or elimination phase.
The dormancy process can also occur either by activation of the p38/MAPK pathways or inhibition of the ERK/MAPK pathways: high ERK to p38 ratio was shown to be linked to proliferation, whereas low ERK to p38 to growth arrest and dormancy. The activation of the above mentioned pathways might be governed through the complex composed of uPAR (urokinase receptor) α5β1 integrin (fibronectin receptor) [35]. Application of anti-EGFR therapy (cetuximab or panitumumab) to metastatic CRC patients and therefore blockade of the signalling cascade activated by EGFR, downregulates ERK/MAPK signalling, and therefore lead to dormancy and even eradication of macrometastases.
Moreover dormant micrometastases is believed to be related to the balance between proangiogenic factors (VEGF, PDGR, FGF, angiopoietin) and anti-angiogenic factors (endostatin, angiostatin, and TSP). This explains positive effects of anti-angiogenic drugs (bevacizumab, sunitinib, sorafenib) in patients with metastatic and dormant stage of CRC [35].
Table 1.1. Hereditary syndromes related to CRC [26–30].








	
SYNDROME


	
HEREDITARY DRIVER MUTATION


	
CLINICAL PRESENTATION







	
Lynch Syndrome (HNPCC hereditary non-polyposis colorectal cancer) 

autosomal dominant  syndrome

CRC risk: 50–80%

frequency in CR: 2–4%, 


	
MLH-1, MSH-2, MSH-6, PMS-2, EPCAM ; the most common: hMSH2, hMLH1 


	
In about 70% of CRC in the right half of the colon, adenomas characterized by a low degree of differentiation, mucus production, frequent lymphocytic infiltrates, rapid local growth and a slight tendency to distant metastases, despite resistance to chemotherapy is characterized by better prognosis. In the case of ovarian tumors developed on the basis of Lynch syndrome, the epithelial neoplasms are the most frequent, but they also occur within the ovarian connective tissue or other tissues present .





	
Familial Adenomatous Polyposis (FAP) 

autosomal dominant syndrome

CRC risk: 100% 

frequency in CR: <1%, 


	
APC 

in about 25–30% of cases, the mutation is spontaneous and family history is negative in these patients


	
Hundreds of adenomatous polyps of various sizes located along the entire length of the intestine, with particular regard to the sigmoid colon and rectum, in 50% appearance of polyps at the age of 15 years, in 95% at 35 years, possible coexistence with fundic gland polyps (FGP), duodenal polyps and small intestinal adenomas, adenomatous polyps (tubular, villous and mixed), polyps do not exceeding 1 cm, macroscopically, they may resemble enlarged lymphatic papules in the colon (which may be the reason for lack of diagnosis in a colonoscopy), in untreated patients, colorectal cancer develops at the age of 35, and rarely < 20 years of age, present 2 main clinical phenotypes: (1) classic form: > 100 adenomas along the entire large intestine and (2) attenuated phenotype: 10 - 100 adenomas, usually located in the right part of the colon and with a later onset. This form also includes hepatoblastoma, cancer of the duodenum, pancreas, thyroid and brain.





	
MUTYH-Associated Polyposis (MAP)

autosomal recessive syndrome

CRC risk: 

43–100% (19% after 50 years and 43% after 60 years)

frequency in CR:  <1%, 


	
MUTYH 

the incidence of MUTYH heterozygotes in the general population is 1-2%.


	
Phenotype similar to FAP, with lower risk of parenteral symptoms, development of polyps in the 2nd or 3rd decade of life, the risk of duodenal adenomas is low, the syndrome should be suspected in people with >10 adenomas and in people with colorectal cancer under the age of 50, the first colonoscopy is recommended at the age of 18-20, followed by every 1-2 years, despite the low risk of duodenal lesions, it is recommended to perform the first gastroduodenoscopy at the age of 25-30 and repeat it depending on the result.





	
Proofreading polymerase-associated polyposis (PPAP)

autosomal dominant syndrome

CRC risk:High 

frequency in CR: 1%, 


	
POLD1, POLE 


	
Frequently manifested as duodenal adenomas (from a mild to a severe phenotype) or gastric fundic gland, wide variation in the phenotypes even within families, some individuals presented 100 adenomas or early-onset disease, while others had 10 adenomas and a late-onset, in around 30% of cases, hyperplastic polyps were reported, developed CRC with a high proportion of multiple syn- or meta-chronous CRC with no predilection in colorectal location, some tumors with one criteria of microsatellite instability-high (MSI-H), mucinous adenocarcinomas, additionally there is a risk of endometrial and possibly other LS-related cancers,





	
Familial Juvenile Polyposis autosomal dominant syndrome

CRC risk: 39–68%


	
SMAD4, BMPR1


	
Rare syndrome with variable penetration of disease, diagnosis based on the presence of polyps (single polyps in 75% of cases, sometimes multiple polyps), which are histopathologically defined as adolescent (mucosal hyperplasia, retention cysts associated with edema, glandular embolism, abundant plaque with abdominal plaque, with a lack of plaque, with the diameter of the polyps varies from 1 millimeter to several 4 centimeters), usually occur in the large intestine (80%), or rarely in the stomach and the small intestine, do not have malicious potential, with significantly higher risk of cancer development in adolescent polyposis.  





	
Peutz-Jeghers Syndrome (PJS) autosomal dominant disease

CRC risk: 39%


	
STK11


	
Rare syndrome, the first symptoms appear already around the age of 12, as hamartomatous polyps and changes of skin pigmentation (dark brown, black or blue spots in >90% of patients around the mouth, nostrils, eyes, cheeks, and the tongue, and rarely on the hands, feet, around the navel and in the perianal area), in 80-100% of patients polyps appear during the 2nd and 3rd decades of life and can be located along the entire length of the gastrointestinal tract and maybe related to many gastrointestinal complaints (most often in the small intestine – 96%), with the histopathological picture of a dormant branching smooth muscle bundle (the core of the polyp is stromal tissue and smooth muscle covered with a properly looking epithelium), benign polyps can be found outside the gastrointestinal tract (nose, bronchi, bladder gallbladder, size 1–3 cm.), the risk of tumors is slightly higher than in the entire population. An increased risk of pancreatic, breast, lung, ovarian and uterine cancer has been reported.





	
Hereditary Mixed Polyposis  (HMPS) 

autosomal dominant syndrome

CRC risk: 20%


	
GREM1


	
Variety of different types of polyps in the colon, including atypical juvenile polyps and adenomas of the colon, and by the development of colorectal carcinoma (cancer of colon and rectum). Most of the families described to date are Ashkenazi Jewish and have an ancestral founder mutation with a duplication  of the GREM1 gene.





	
Cowden Syndrome or PTEN hamartoma tumor syndrome  (PHTS)

CRC risk: 9–16%


	
PTEN


	
Multiple hamartomatic lesions (polyps, ganglionoma, ganglionomas. presence of nerve elements that are not observed in other hamartomatic polyposis syndromes) from endoderm, ectoderm and mesoderm, located in 71% of patients in gastrointestinal region along its entire length (most often in the stomach, colon and esophagus), and in skin, mucous membranes and other organs (99% of patients <30 years develop skin/mucous lesions), the esophagus is in the form of glycogen keratosis, hamartomatic lesions, are accompanied by nervous system defects (macrocephaly, mental retardation, Lhermitte-Dulclos disease: LDD, cerebellar ganglia, eye defects and arteriovenous malformations),  defects in the bones of the skull, spine and hands (in 1/3 of patients), increased risk of developing benign or malignant tumors of the thyroid (10%), lung, kidney, retina, breast (30-50%, 25% bilateral breast cancer, occurring at a very young age), uterus and skin. 





	
Serrated Polyposis Syndrome (SPS) 

pattern of inheritance remains unknown (both autosomal recessive and autosomal dominant patterns have been suggested)

CRC risk: <50%

frequwncy in CRC: <1%


	
RNF43


	
Diagnostic criteria: (1) ≥5 serrated colon polyps proximal to the sigmoid colon with 2 or more of these being >10 mm; (2) any number of serrated polyps proximal to the sigmoid colon in an individual who has a first-degree relative with SPS; or (3) >20 serrated polyps of any size distributed throughout the colon (not all in the rectum). Serrated polyps of the colon and rectum can be found in approximately 20% of average risk patients coming to screening 


Ciąg dalszy dostępny w wersji pełnej.

2.
Liver imaging techniques
Tomasz Pawlik
Dostępne w wersji pełnej.

3.
Strategies for colorectal cancer metastasis in the liver 
Andrzej L. Komorowski
Dostępne w wersji pełnej.

4.
Strategies for non-colorectal cancer metastasis in the liver
Piotr Kalinowski
Dostępne w wersji pełnej.

5.
Metastatic colorectal cancer (mCRC) systemic therapy and management strategy 
Aleksandra Grela-Wojewoda, Mirosława Püsküllüoğlu, Maksymilian Kruczała, Barbara Niemiec
Dostępne w wersji pełnej.

6.
Open approach to liver tumours 
Piotr Kalinowski
Dostępne w wersji pełnej.

7.
ALPPS technique for the treatment of liver metastasis
Łukasz Masior, Michał Grąt
Dostępne w wersji pełnej.

8.
Liver transplantation in the treatment of metastatic liver disease
Maciej Krasnodębski, Michał Grąt
Dostępne w wersji pełnej.

9.
Laparoscopic approach to liver metastases
Ruben Ciria, María Dolores Ayllón, Javier Briceño
Dostępne w wersji pełnej.

10.
Thermal Ablation for Metastatic Liver Tumors
Jesse K. Sulzer, Patrick Salibi, David A. Iannitti 
Dostępne w wersji pełnej.

11.
Robotic approach to liver lesions
Marco Vito Marino
Dostępne w wersji pełnej.

12.
Novel training approaches to the surgical management of liver lesions
Olexii Potapov, Andrzej L. Komorowski
Dostępne w wersji pełnej.

13.
Major complications in the management of liver lesions
Andrii Lukashenko
Dostępne w wersji pełnej.

Footnotes
Dostępne w wersji pełnej.




OEBPS/Images/i_007.jpg
_mmge“ ) PARG ®  Glikoproteina lib-lila ®  cellular adhesion protein

. @ P-selectin
fibrine @7 PARL 4 PSGLT-1
& integrin
& E-selectin

.. thrombin $ Slex sialyl Lewis x





OEBPS/Images/i_006.jpg
o Y

Anti-EGFR monoclonal antibody
(cetuximab or panitumumab) _(

Wild type KRAS/NRAS/BRAF
are EGFR-activated (EGFR is
downstreem regulator of

the cascade) and therefore —

whole cascade can be i

i AT
blocked by anti-EGFR kT
monoclonal antibody

ron

cfos | ciun | cmye
v [ SO
e CEUNUCLEUS

BLOCKADE OF EGFR- DEPENDENT CELL PROLIFERATION
IMPAIRED DIFFERENTIATION BY ANTI-EGFR

Lack of sensitivity to anti-EGFR ’
ody if mutation in KRAS

monoclonal ant

or NRAS or BRAF is present

If KRAS or NRAS or BRAF

is mutated the cascade is

constantly stimulated by
disfunctional

KRAS or NRAS or BRAF

proteins and therefore is

jependent

of EGFR stimulation/inhibiton

MAPKKK (MEK1/2)

MAPKKK (MEK1/2)

s
s

> v
-(

s o— prLac

AR

mToR







OEBPS/Images/i_001.jpg
METASTATIC DISEASE
IN THE LIVER

Current Therapeutic
Approaches






OEBPS/Images/i_005.jpg
FAMILIAL ADENOMATOUS
POLYPOSIS (FAP)

Mutatlnns in KRAS

N (TR Xj
APCLOQ\ m

HIGH GRADE DYSPLAQA\
Mutations in TP53, DCC,

. COLORECTAL d&gcmo MA





OEBPS/Images/i_004.jpg
ﬁ Uniwersytet Rzeszowski





OEBPS/Images/i_003.jpg
Editor

Andrzej
Komorowski

METASTATIC DISEASE
IN THE LIVER

Current Therapeutic
Approaches

PZWL





OEBPS/Images/i_002.jpg
Dedicated to the memory of General Tadeusz Jordan Rozwadowski,
brilliant tactician, Chief of Staff of the Polish Army during the decisive
Battle of Warsaw against the Red Army.

In the centenary of the victory, 1920-2020







OEBPS/Images/cover.jpg
Editor
Andrzej
Komorowski

METASTATIC DISEASE
IN THE LIVER

Current Therapeutic
Approaches

With the introduction
by Go Wakabayashi

PZWL





