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      Abstract




      Gastrointestinal cancers are among the most common causes of cancer-related death in the world. Alone the subgroup of colorectal cancer is the third most common cancer in men (746,000 new diagnosed cases in 2012, 10.0% of all cancer cases) and the second in women (614,000 new diagnosed cases in 2012, 9.2% of all cancer cases) worldwide. Beside different treatment strategies including surgery, radiotherapy and/or chemotherapy have improved the survival of patients in the last years, there is still an urgent need to improve prognosis in advanced disease by means of targeted therapies as well as an early detection of development of acquired resistance. For this purpose, molecular biomarkers are a promising option especially in the light of increasing amount of personalized medicine.




      In this chapter, we will review classic biomarkers for prognosis already in clinical use (e.g. carcinoembriogenic antigen, cancer antigen 19-9, serum pepsinogen I, α-fetoprotein, CD117) and new ones with their usefulness following combined therapeutic regimens. Some new technologies like the very sensitive digital-droplet-PCR, next-generation sequencing and high-throughput screening methods for RNA expression patterns will be discussed shortly regarding their application for detecting and discovering potential new biomarkers. Finally, possible new potential mechanisms of resistance related to targeted pathways will be discussed as genetic and epigenetic alterations (hypermethylation of CpG-islands, copy-number variation, lncRNAs and single nucleotide polymorphisms). Furthermore, the potential of circulating tumour DNA and non-coding RNAs, with a special focus on microRNAs as new biomarkers will be addressed.
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      Introduction




      Gastrointestinal (GI) cancer summarizes a diverse group of cancers that affect the digestive tract system [1, 2]. This includes cancers of the oesophagus, gallbladder, liver and biliary tract, pancreas, stomach, small intestine, large bowel (colon and rectum) and anus (Table 1).




      GI cancer is the most common form of cancer responsible for nearly 25% of all new cancer diagnosis and responsible for most of cancer related death (around 30% of all cancer related death) worldwide [3, 4].




      Clinical approaches for the treatment of GI cancers depend not only of cancer site but also on its clinicopathological stage or its development, and other patient-related factors. Treatment commonly includes surgery, chemotherapy and radiation therapy [5-13]. Even though these treatments over the last years have helped to prolong patients` survival, there is still an urgent need to provide a better prognosis particularly in advanced disease by means of targeted therapies as well as identify early biomarkers to overcome development of acquired resistance to treatment. Furthermore, the number of patients with metachronous metastatic disease, especially brain metastasis, is increasing caused by the therapeutical success and the longer survival of GI cancer patients [14-17]. This event represents another challenge that clinicians must deal for the treatment of GI cancer patients.




      Molecular biomarkers might represent a promising and convenient option for patients` stratification that could help to provide a better treatment of GI cancer patients especially in the light of increasing amount of personalized medicine.




      

        Table 1 Gastrointestinal cancer subtypes incidence.




        

          

            

              	GI cancer subtypes



              	Incidence

            


          



          

            

              	Colorectal cancer



              	Third most commonly diagnosed cancer; fourth leading cause of cancer death worldwide

            




            

              	Anal cancer



              	Makes up to 4% of anorectal malignancies and 1.5% of gastrointestinal malignancies; significant increased incidence rate particularly in HIV positive male

            




            

              	Small intestine cancer



              	Very uncommon cancer with increasing incidence over the last decades

            




            

              	Gastric cancer



              	Fourth most commonly diagnosed cancer; second leading cause of cancer death worldwide

            




            

              	Oesophagus cancer



              	Eighth most commonly diagnosed cancer with very high mortality

            




            

              	Pancreatic cancer



              	First leading cause of cancer death worldwide

            




            

              	Liver cancer



              	Sixth most commonly diagnosed cancer; third leading cause of cancer death worldwide

            




            

              	Cholangiocarcinoma



              	Very low incidence rate in western world and higher prevalence in Asia; account for 3% of all GI cancer

            




            

              	Gallbladder cancer



              	Sixth most frequent GI cancer with very high mortality

            


          

        




      


    




    

      Source and Type of Biomarkers




      

        Tissue and Blood Derived Biomarkers




        In the discovery phases for both diagnostic and prognostic setting, several studies have attempted to identify molecular biomarkers by using primary lesions as source of information of molecular aberrations (both genetic and genomic) and correlate this information with clinical assessment of the patients` [18, 19]. For instance in colorectal cancer (CRC) common genetic features as mutations in Adenomatous Polyposis Coli (APC), Tumour Protein 53 (TP53), Kirsten Rat Sarcoma (KRAS), and V-Raf Murine Sarcoma Viral Oncogene Homolog B (BRAF) have been investigated for their potential usefulness as prognostic and predictive factors in early as well as advanced cancers [20, 21]. KRAS and BRAF are well known oncogenes mutated in a consistent proportion of CRC (40% and 8-10%, respectively) [22]. APC and TP53 on the contrary are important tumour suppressors and they are also highly mutated in CRC [23]. Early studies focused on detection of genetic DNA-based biomarkers to potentially identify prognostic and predictive markers [24]. In addition, recently also RNA molecules (mRNAs, microRNAs, lncRNAs) have been investigated for the same purposes [25-27]. Availability of primary cancer tissues has also allowed to identify protein biomarkers mainly trough immunostaining of known deregulated proteins [28]. However, due to the heterogeneous mutational spectrum of cancers, multiple assays need to be tested and developed in order to improve sensitivity. Furthermore, it becomes evident that assessment of primary cancer does not necessary reflect the mutational status in metastatic disease [29]. Minimally invasive approaches as blood-based test to assess genomic, trascriptomic and proteomic markers on the contrary not only improve the patient’s compliance over biopsy-based tissue recovery but also the genomic abnormalities characteristic of Specific GI cancers might be better represented and thus allowing an improved cancer monitoring capability.


      




      

        Protein Based Versus DNA and RNA Based Biomarkers




        Proteomic technologies are generally used to discover and measure protein expression levels and have the potential to be used for developing new panels of biomarkers. In diagnostic settings several blood tests are presently used for monitoring cancer recurrence and prognosis. These tests detect the tumour markers carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), septin-9 (SEPT9), tissue polypeptide specific antigen (TPS) or tumour-associated glycoprotein-72 (TAG72) [30-33]. For instance CEA is knowingly elevated in blood of patients with colorectal cancer and others GI cancers [34]. However, its low sensitivity (5-10%) precludes its use for an early detection of cancer but blood over-expression has been used for monitor the disease and as prognostic factor [35, 36]. CA19-9 is a blood antigen that is found generally elevated in colorectal cancers but also other GI cancers [34, 37]. Nevertheless, it has been shown that CA19-9 is not very specific for tumour type and furthermore it has been found less sensitive than CEA [37]. Moreover, both biomarkers are significantly elevated in patients with metastatic disease but not in early cancer thus resulting not useful for diagnostic purposes [31]. Another possible biomarker test is the analyse of SEPT9 methylated DNA in serum [38] but once again this test has a moderate sensitivity (70%) and specificity (90%) [39]. TPS level in the blood indicates the tumour proliferation rate but with a diagnostic sensitivity around 58% it has only very limited importance as tumour marker [40]. The glycoprotein TAG72 can be measured in blood samples but it is not specific for GI cancer [41-43] and furthermore TAG72 protein level are found to be increased more frequently in poorly-differentiated tumours than in well-differentiated cancers [44].




        New proteomic technologies like two-dimensional electrophoresis (2-DE) and two-dimensional differential in-gel electrophoresis (2D-DIGE) [45] but also the surface-enhanced laser desorption/ionization time of-flight mass spectrometry (SELDI-TOF-MS) or the matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) [46] techniques are evolving as tools for new biomarker discovery. However, the main protein or metabolites derived biomarkers studied appear to be not enough sensitive or specific thus being unable to substitute already validated and used clinical tests is mainly for poor study design or experimental output validation [47]. The advantage of DNA and RNA, especially microRNA, based biomarkers is provided not only in higher stability in body fluids like blood, serum, plasma, urine but also in better specificity given the genomic make-up characteristic of many cancers [48, 49]. Evidence for nucleic acid based biomarkers is emerging during last decade through studies employing new technologies as next-generation sequencing (NGS) [50]. For instance, for colorectal cancer, most of the recent proposed prognostic tests are gene expression-based panels established on RNA from cancer tissue, for detection of potential recurrence like Oncotype DX Colon Cancer, GeneFx Colon, Coloprint, ColoGuideEx, OncoDefender-CRC, CologuidePro [51]. Nevertheless, another issue as preparation of the samples, storage and method of extraction for both proteomic and genomic-trancriptomic analyses are essential and might introduce technical bias that might affect a proper biomarker discovery and/or validation.


      


    




    

      New Potential Biomarkers




      

        Circulating Free Tumour DNA (cft-DNA)




        In the last few years a lot of research has been focussed on the potential use of circulating DNA derived from tumour cells (cft-DNA). Fragmented DNA from cells is released into the blood stream following cell death [52-55]. Cft-DNA is relatively stable in blood and can be isolated as a derivation from serum or plasma both manually and with automated technologies [53]. Therefore, analysis of cft-DNA from blood -the so-called liquid biopsies- could represent a minimal-invasive method for monitoring the disease and implement the design of a therapeutic strategy as well as to assess the Advent of a potential drug resistance [54]. Furthermore, it has the benefit to increase patients`compliance as well as reducing the tumour biopsies-related risks for the patient. Another important advantage is that cft-DNA isolated from the blood might represent better the intra-tumour heterogeneity than needle biopsy [56-58]. It has been proposed that a tumour mass can contain heterogeneous-cell populations with diverse molecular backgrounds and also between primary tumour and metastatic sites often genetic differences are observed [59, 60]. The use of cft-DNA isolated from blood overcomes the limitations of tumour biopsies which are also restricted to the sampling of a small part of a specific reachable tumour side.




        For instance, by using ddPCR for analyzing cft-DNA resulted in a powerful method to monitor therapy response as well as disease progression of cancer patients [61, 62]. It has been shown that it was possible to detect gene specific mutations that are known to be associated with tumour progression several months before tumour progression was radiological assessed [63, 64].


      




      

        Circulating Non-coding RNAs: MicroRNAs and lncRNAs




        Another current focus of research is the use of non-coding RNA as new biomarkers [65-67]. Non-coding RNAs are a large family of RNA molecules that includes transfer RNAs (tRNAs), ribosomal RNAs (rRNAs), small nucleolar RNAs (snoRNAs), microRNA, small interfering RNA (siRNAs), small nuclear RNA (snRNAs), extracellular RNA (exRNAs), piwi-interacting RNA (piRNAs), small Cajal body RNA (scaRNAs) and long non-coding RNA (lncRNA), all of which are not coding for known proteins [66, 68-80]. Today lncRNAs are recognized and accepted as important regulators during development and pathological processes [81-85]. LncRNAs are involved in regulating gene expression by binding to chromatin regulatory proteins and they are able to alter chromatin modification as well as transcriptional or posttranscriptional gene regulation by interacting with other RNAs and proteins [70]. Recently, a crosstalk and strong linkage between lncRNA and microRNAs has been identified [86]. Sometimes lncRNA stability can be reduced by interaction with specific microRNAs but it is also possible that lncRNAs act as microRNA decoys resulting in sequestering microRNAs and leading by this to expression of the microRNA target genes [86]. Furthermore, lncRNAs can favour gene expression by competing with microRNAs for specific binding sites in the non-coding regions of mRNAs and prevent the transcriptional repression caused by microRNA binding [86]. Surprisingly some lncRNAs have been identified that can be processed into microRNAs [86].




        Of special interest in the light of biomarkers are microRNAs since it has been well established that microRNAs can regulate gene expression acting on target proteins at translational level [80, 87]. Each microRNA can have several target mRNAs; thus interaction of microRNA with the target mRNAs results in direct deregulation of different target proteins acting simultaneously in regulation of diverse cellular pathways [88, 89]. Therefore, variation in microRNA expression can result in reduced mRNA level of the targets and by this direct leading to change in protein levels within the cell [89, 90]. MicroRNAs expression patterns are tissue-specific [91] and often define the physiological nature of the cell [92]. Several publications show that altered microRNA expression in the context of several diseases (e.g. cancer, viral diseases, neurodegenerative disease, immune-related diseases) and some pathological conditions are caused by an aberrant expression level of microRNAs [93-101]. Therefore, altered microRNA expression patterns are most probably well suited as biomarkers not only for supporting cancer diagnosis but also as predictive tools to anti-cancer therapy as well as for monitoring drug resistance. Another feature is that microRNAs seem to be more robust biomarkers, having demonstrated a higher sensitivity and specificity in several studies aiming to identify cancer specific microRNAs [102].




        MicroRNAs are short non-coding RNAs (18-22 nucleotides) and this characteristic offers the advantage of an increased stability in body fluids (over a gene-based mRNA detection approach). Furthermore, microRNAs seem to be associated with RNA-binding multiprotein complexes in blood [88, 103, 104] – and it has been shown that their stability is not affected by sample storage conditions [105], an important issue for exploratory studies aiming to identify novel biomarkers. Therefore, microRNAs are more suitable then other RNA based markers.




        Furthermore, microRNAs could overcome the low sensitivity of traditional biomarkers -especially for early stage cancers- that is known for most of the blood-based biomarker currently in use, e.g. CA19-9 and CEA [36]. Furthermore, advances in the field of biosensor technology allowing today the linear detection of microRNA directly over a wide range of concentrations down to attomolar concentration in human serum background [106-110]. The proof-of-principle was made for detection of the cancer biomarker miR-155 in breast cancer patients [106, 111]. So it will soon be possible to develop biosensor specific for any microRNA and enable the fast and accurate measurement of the microRNA in question even if it is present in a low concentration in the blood.


      


    




    

      The Advent of New Platforms and Technologies for Personalized Medicine




      New technologies and platforms are evolving for the discovery and detection of potential new prognostic and predictive biomarkers. In this paragraph an overview will be given about some of the main technologies that have been tested over last years and their relative applications in different GI cancers for monitoring disease progression [64, 112-114], like digital-droplet PCR, next-generation sequencing, transcriptome-based platforms.




      

        Digital-Droplet PCR (ddPCR)




        The third generation of PCR, the so called ddPCR, is a PCR method for absolute quantification by counting nucleic acid molecules encapsulated in discrete, volumetrically defined, water-in-oil droplet partitions. The nucleic acid template sample is randomly distributed into these partitions, such that some droplets contain no nucleic acid template and others contain one or more copies of the template defined by a Poisson distribution [115-117]. As an end-point measurement, following PCR amplification in single droplets, ddPCR does neither require parallel amplification of any housekeeping gene for normalization for RNA based detections nor the need of standard curves generation for detection and quantification of a target DNA [115, 118-122]. Based on its high sensitivity ddPCR is often used for detecting gene copy number variations or minority targets detection such as allelic imbalance (like single-nucleotide polymorphism (SNP) and loss of heterozygosity (LOH)) and identification of rare or low level mutations in cancer [61, 62, 115, 121-124] and as independent method for verification of next-generation sequencing [61, 62, 125].


      




      

        Next-Generation Sequencing (NGS)




        Nowadays for NGS several different sequencing platforms have been rapidly evolving (e.g. Ion Torrent’s PGM, Pacific Biosciences’ RS and Illumina MiSeq) and the preparation of sequence libraries is specific to each platform [126, 127]. In the aforementioned case DNA pre-processing is mandatory and can be subdivided into several steps. First, extracted genomic DNA is randomly fragmented into a library of small DNA sequences (fragment size is platform specific and varies between 100 bp and 20 kbp) [128]. Then blunt-ended DNA fragments are created by an enzymatic end polishing step. Finally, specific adapters (still platform specific) are ligated to the fragments at the 3´ and 5´ends. Depending on the sequencing platform the libraries must be pre-amplified prior to sequencing or can be used directly without any amplification step [126, 129-132]. Sequencing on the generated libraries is performed in parallel by a stepwise repetition of four reactions: addition of nucleotides; washing step to remove non-incorporated nucleotides; detection of the identity of the incorporated nucleotides on each library fragment and finally a washing step that include removal of fluorescent labels or blocking reactive groups [126, 127]. Individual sequences are assembled to the reference genome and the whole-genome sequence is derived from the consensus of several aligned reads [126, 127]. The applications for NGS can span from gene expression analysis by full RNA sequencing [133-135], characterization of RNA structures [136, 137], miRNA expression [138, 139], to analysing chromatin immune precipitation (ChIP)-enriched sequences for identification of transcription factor or miRNA binding sites [140-142], DNA methylation studies [142-144] and identification of disease related genes and identification of tumour mutations for cancer personalized medicine [126, 145-152]. Of special interest is genome-wide sequencing of RNA and DNA in plasma samples for predicting responsiveness or drug resistance to anti-cancer therapy [153].


      




      

        Other High-Throughput Platforms




        Several commercial available MicroArrays for detection of expression of RNAs, microRNAs and long non-coding RNAs (lncRNAs) have been often used for genome-wide analysis of expression differences between normal and disease samples or to study RNA expression changes caused by substances like cytokines, growth-factors or drugs in a cell [154-158].




        However, a limitation of all microarrays is that an amplification step is always necessary before the chip based measurement takes place.




        Another high-throughput method to study RNA, microRNA and lncRNA expression patterns is based on the NanoString nCounter technology. This multiplexed technology detects directly the gene target expression levels without any enzymatic amplification reaction [159-161]. NanoString nCounter allows counting molecules in a given sample directly by using barcoded target 5´-end sequence-specific probes for capturing and purification as well as a barcoded 3´-end target sequence-specific fluorescent-labelled probe for detection [159-161]. Furthermore, NanoString nCounter technology can also be used for quantification of DNA, CNV and proteins [162, 163]. The advantage of this technology is that RNA and DNA, beside isolated from fresh-frozen material, can also be derived from crude tissue lysates, plasma or serum samples and formalin fixed paraffin embedded tissues [159, 160, 164].




        As already mentioned GI cancer includes a heterogenous group of cancers that affect the digestive system [1, 2]. In the following part the different subgroups of GI cancer will be addressed.


      


    




    

      Colorectal Cancer




      

        Incidence, Diagnosis and Risk Factors




        Colorectal cancer is one of the leading causes of death from cancer in Western countries [165-168]. It is the third most commonly diagnosed cancer in men and women and the fourth leading cause of cancer death worldwide [167, 169-171]. With over 63% of all cancer cases colorectal cancer is mainly a disease of developed countries with a Western culture [171, 172]. Colorectal cancer survival is highly dependent upon stage of disease at diagnosis, and the 5-year survival rate ranges from 90% for cancers detected at the localized stage to 10% for patients with metastatic disease at time of diagnosis [169, 173]. Common risk factors for colorectal cancer development are represented by: age, hereditary factors (familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer (HNPCC)), inflammatory bowel disease; low physical activity and excessive body weight, smoking, heavy alcohol consumption and poor nutritional practices [168-170, 172, 174-182].




        Chromosomal and microsatellite instability are also involved in developing colorectal cancer especially in the case of FAP and HNPCC, respectively [182-187]. Both are hereditary genetic disorders – in the case of FAP mutations in the APC gene are present and in the case of HNPCC mutations in mismatch-repair genes (e.g. hMSH2, hMSH3, hMSH6, hMLH1, hMLH3, hPMS1, hPMS2) result in microsatellite instability [182, 188]. Microsatellite instability can be caused by a high-level CpG-island methylation phenotype and hMLH1 promoter methylation. Given the fact that it is very often associated with BRAF V600E mutation the simultaneous analysis of microsatellite instability and BRAF mutation confers an inferior prognosis [189-192]. These genetic alterations result in an increased risk to develop colorectal cancer [182, 186, 187]. Even in the case of HNPCC microRNA deregulation seems to be the key; as discussed later in this chapter over-expression of miR-155 was identified as reason for microsatellite instability by significantly down-regulating core mismatch-repair proteins [193]. This finding underlines once again the importance of microRNAs for physiological and pathological conditions as well as their potential to function as biomarkers.




        Despite being an age-related disease commonly arising after 50 years, over the last years colorectal cancer diagnosed in younger people is dramatically increasing [169, 194-196].


      




      

        Current Biomarkers in Use




        For colorectal cancer a panel of tumour markers (CEA, CA19-9, p53, RAS, thymidine synthase, dihydropyrimidine dehydrogenase, thymidine phosphorylase, deleted in colon cancer (DCC) protein and microsatellite instability) has been studied and its role in pre-operative staging and post-operative follow-up has been evaluated [36].




        In the majority of colorectal cancer cases the glycoprotein CEA is over-expressed and secreted into the blood [34, 197]. Therefore the plasma level of CEA can be measured quantitatively but unfortunately due to its lack of sensitivity in early disease stages it is not recommended as a screening test for colorectal cancer [34, 36, 197]. Nevertheless, the pre-operative measurement of CEA level in patients is supportive for staging and surgical treatment planning [36]. Especially in patients who undergo resection for metastases CEA levels have prognostic value [198] and the lack of return of CEA to normal levels after surgical treatment is a marker for inadequate resection [197, 199]. The post-operative monitoring of CEA level is a useful diagnostic marker because CEA is the most frequent indicator of recurrence in asymptomatic patients and is sensitive for detecting metastases [200, 201]. Therefore, the ASCO guidelines suggest that CEA testing should be performed every 3 months in patients with stage II or III disease for at least 3 years after diagnosis given that the patient is a candidate for surgery or systemic therapy [36]. Also a systemic therapy of metastatic colorectal cancer should be monitored by measuring the level of CEA at the beginning and every 1 to 3 months during active treatment [36]. Persistently rising values above baseline suggest disease progression and require restaging [36]. However, early rise of CEA (4 to 6 weeks after treatment initiation) should not always be interpreted as an alarming sign since it can occur as treatment-induced changes in liver function, especially during oxaliplatin treatment, or can be related to other non-cancer related conditions such as gastritis, peptic ulcer disease, liver diseases and chronic inflammation [202, 203].




        The role of CA19-9 as a prognostic marker in stage IV colorectal cancer patients who have undergone curative resection is supported by several studies, mainly from Asia [204-207]. Post-operative CA19-9 level seems to be an independent predictor for overall survival and the combination of elevated CEA and CA19-9 levels were positively associated with disease recurrence and lymphatic invasion [208]. But in some other studies the prognostic and predictive value of CA19-9 level was not always confirmed [205, 209, 210] and it is obviously that CA19-9 is a less sensitive biomarker than CEA [37].


      




      

        Current Treatment Modalities




        It is well established that aberrant epidermal growth factor receptor (EGFR) signalling is involved in the progression of colorectal cancer [211-213]. EGFR is an upstream receptor of the RAS-RAF-MEK- as well as the AKT-PI3K-pathway; both pathways resulting in cell proliferation and increased cell survival after activation [214, 215]. Therefore, blocking of EGFR is an attractive and efficient therapeutic option [214]. Cetuximab and panitumumab, are two monoclonal antibodies that prevent the activation of signal transduction pathways via EGFR binding and are approved for colorectal cancer treatment [216-219]. Unfortunately this targeted therapy against EGFR has only limited success in a specific subset of patients with metastatic colon cancer [214, 220-223].




        A standard chemotherapeutic regime in the presence of distant metastases (disease stage IV) is a combined chemotherapy such as FOLFOX (folonioc acid, 5`-fluorouracil, oxaliplatin) or FOLFIRI (folonic acid, 5`-fluorouracil, irinotecan) associated with antibodies directed against EGFR (cetuximab, panitumumab) or anti-angiogenic drugs that target VEGF pathway (bevacizumab, aflibercept) [214, 224-227]. However, patients` selection for cetuximab and panitumumab treatment is based on activating mutations in the KRAS and NRAS genes (that result in permanent activation of the RAS-MEK-ERK signalling pathway) [214, 228-232]. Therefore, KRAS and NRAS are being used as biomarkers for patients` selection for the use of anti-EGFR monoclonal antibodies treatment [233-235]. Thus, only patients who are reported wild-type for mutations in RAS genes are suited for this targeted therapy [219, 236, 237].




        Several clinical studies (e.g. CRYSTAL, PRIME and OPUS) have shown that patients with metastatic colorectal cancer, whose tumours contain activating mutations of RAS genes, do not derive any benefit from EGFR antibody therapy and this therapy may in fact have a detrimental effect in such patients especially if it is combined with oxaliplatin [238]. Retrospective analyses of tumours from these studies with newer methods such as next generation sequencing or BEAMing technology resulted in identification of additional mutations in 15-31% of tumours that were initially considered as RAS-wild-type and those patients had worse outcomes [238-240].




        Beside mutations in the RAS genes also mutation in BRAF and PIK3CA might represent a reason for failure of the antibody based anti-EGFR therapy [228, 241, 242]. Furthermore, amplification of HER-2, MET and KRAS as well as silencing of PTEN have been recently identified as additional mechanisms that lead to failure of cetuximab and panitumumab based treatments [243-248].




        Nevertheless, also patients who initially respond to the anti-EGFR antibody therapy are most likely to develop resistance within 3-12 months against the treatment [214, 220, 223, 249]. However, by using liquid biopsies it has been shown that it is possible to detect KRAS mutations 10 months before disease progression is radiologically detected [64, 214, 250-252]. This further demonstrates the power of new detection systems. Therefore, therapy can be altered earlier to prevent the progression and increase patient’s survival. Some reports have shown that it is possible to overcome the acquired resistance to anti-EGFR antibodies with a combined therapy [244, 253]. A multidrug approach that involves the use of cetuximab with the MEK inhibitor pimasertib or the MET inhibitors crizotinib resulted in restoring sensitivity to resistant tumours in some patients [244, 253]. Combination therapies however might bear the risk of higher toxicity and they could not per se improve the treatment in every patient [254, 255] and therefore combination therapies should be single patient tailored. Liquid biopsies are one possibility to monitor such treatments. First studies are underway to use cft-DNA present in the blood of colorectal cancer patients as marker for treatment response and for detection of resistance development [256, 257]. Changes in cft-DNA are in good correlation to later tumour response and therefore liquid biopsies seem to be a good prognostic tool [256].


      




      

        Potential Biomarkers Currently Under Further Investigation




        The first microRNAs found to be reduced in colorectal cancer patients are miR-143 and miR-145 [258]. In agreement with the outstanding role of KRAS for colorectal cancer development, KRAS has been identified as one of the miR-143 targets [259]. In the meantime, large-scale microRNA expression analyses have been performed in human colorectal cells and colon cancer patients resulting in a microRNA expression pattern for colon cancer [260, 261]. As a logical consequence, the potential of microRNAs as diagnostic markers has been suggested in the last years [154, 262-264]. Given the amount of deregulated microRNA in colon cancer it is not surprisingly that several microRNAs have been investigated as biomarkers in the context of this disease. A closer look into recent discoveries shows that microRNAs probably could allow a very distinct discrimination amongst colon cancer stages [154, 265] thus the importance of different expressed microRNAs as diagnostic markers increases further. MiR-92 has been found highly expressed in plasma of colorectal cancer patients and seems to be a promising biomarker for colorectal cancer screening tests [262-264]. For instance, in plasma of advanced colorectal cancer patients, miR-92a and miR-29a might be of diagnostic value [262, 263]. The proof-of-concept that microRNAs are also useful for monitoring the therapeutic response was provided in a cohort of colon cancer patients treated with 5´-fluorouracil and the next-generation oral 5´-fluorouracil compound S-1 [262, 266]. In this study expression of miR-181b and let-7g was significantly correlated with successful therapy [262, 266]. In HNPCC regulation of mismatch-repair proteins by miR-155 was proofed [193]. High expression of miR-155 resulted in increased microsatellite instability by reducing the expression level of MLH1, MSH2 and MSH6 [193]. A high-throughput microRNA screening revealed that miR-145 is down-regulated in tumour samples with different microsatellite status compared to healthy colorectal tissue [267]. Based on this data it was possible to associate microRNA expression levels to specific microsatellite status as well as recurrence of colorectal cancer [267]. In other studies the expression of miR-320 and miR-498 has been shown to correlate with disease-free survival [267], whereas high expression of miR-200c and miR-21 appear to be associated with poor prognosis for colorectal cancer patients [262, 268-270]. Like in many types of cancers miR-21 over-expression has been associated with low sensitivity and poor response to chemotherapy in colorectal cancer [269-271].




        Recently it has been shown that a single nucleotide polymorphism in microRNA or microRNA target can be used as biomarker for survival and response to treatment for colorectal cancer patients [272, 273]. For prognosis of early-stage colorectal cancer, the single-nucleotide polymorphism rs61764370 in the let-7 complementary site 6 of KRAS mRNA was identified [273]. Furthermore, it seems possible that this single-nucleotide polymorphism could be a biomarker for the benefit from anti-EGFR antibodies based therapies in metastatic colorectal cancer [273]. In high-risk locally advanced colorectal cancer, the single nucleotide polymorphism rs4919510 in miR-608 was identified as potential diagnostic marker for disease prognosis [272].




        Also lncRNAs could be useful biomarkers for colorectal cancer [274]. Two lncRNAs (HOTAIR and CRNDE) were found to be up-regulated in tumour tissue and blood of colorectal cancer patients [275, 276]. The expression level of HOTAIR correlates with the tumour stage and overall survival [275]. Therefore, detection of HOTAIR level in the blood of colorectal cancer patients could serve as additional prognostic marker [275] but it must be kept in mind that altered expression of HOTAIR is also observed in the context of other diseases e.g. gastric and pancreatic cancer [277, 278].




        The most important points of the above discussion about colorectal cancer are summarized in Table 2.




        

          Table 2 Colorectal cancer.




          

            

              

                	Risk factors



                	- Age


                - Low physical activity


                - Excessive body weight


                - Smoking


                - Heavy alcohol consumption


                - Poor nutritional practices


                - Inflammatory bowel disease


                - Hereditary factors especially chromosomal and microsatellite instability in the case of familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer (HNPCC)

              




              

                	Current treatment modalities



                	- Surgery


                - FOLFOX (folonioc acid, 5`-fluorouracil, oxaliplatin)


                - FOLFIRI (folonic acid, 5`-fluorouracil, irinotecan)


                - Antibodies directed against EGFR (cetuximab and panitumumab)


                - Anti-angiogenic drugs that target VEGF pathway (bevacizumab, aflibercept)

              




              

                	Current biomarkers



                	- CEA


                - CA19-9


                - p53


                - RAS mutations


                - Thymidine synthase


                - Dihydropyrimidine dehydrogenase


                - Thymidine phosphorylase


                - Deleted in colon cancer (DCC) protein


                - Microsatellite instability

              




              

                	Potential biomarkers currently


                under investigation



                	MicroRNAs:


                -MiR-143


                - MiR-145


                - MiR-92


                -MiR-92a


                - MiR-29a


                - MiR-181b


                - Let-7g


                - Mir-155


                - MiR-320


                - MiR-498


                - MiR-200c

              




              

                	Potential biomarkers currently


                under investigation



                	- MiR-21


                - MiR-608


                Long non-coding RNAs:


                - HOTAIR


                - CRNDE


                Single-nucleotide polymorphism:


                -KRAS (rs61764370)


                - miR-608 (rs4919510)

              


            

          




        


      


    




    

      Anal Cancer




      

        Incidence, Diagnosis and Risk Factors




        Cancer of anal canal makes up to 4% of all anorectal malignancies and 1.5% of gastrointestinal malignancies [165, 279-281]. But anal cancer has a significant increased incidence rate (e.g. 130% since 1970 in UK according to Cancer Research UK) particularly in human immunodeficiency virus (HIV) positive male [281]. As high risk factors causing anal cancer human papillomavirus (HPV) infection, anoreceptive intercourse, cigarette smoking, and immunosuppression, have been identified [282, 283].


      




      

        Current Biomarkers in Use




        Different biomarkers have been studied in squamous cell anal cancer which elucidated to some extend the cancer pathogenesis but none of them are sufficient to determine the prognosis or guide the treatment [284].


      




      

        Current Treatment Modalities




        In different clinical trials it was proved that anal cancer responded well to standard treatment with concurrent radio- and chemo-therapy resulting in a 60% cure rate [285-289]. Anal cancer metastasizes preferential through the lymphatic system into liver, lung and lymph nodes [290, 291].




        Neither EGFR mutation nor amplification is observed in anal cancer even if sometimes EGFR is overexpressed [292, 293]. In the context of this cancer EGFR over-expression is not dictating the treatment regime [294, 295]. Surprisingly also KRAS mutations are an exception in anal cancer patients [294, 296].




        Given the fact that anal cancer is often caused by HPV-infection [283, 297] it is not surprisingly that therapies used for the treatment of other HPV-related cancers (e.g. head and neck or cervical cancer [298, 299]) are also effective in anal cancer patients. Furthermore, typical consequences of HPV-infection like genomic instability, gene alterations and increased DNA damage are observed in anal cancer [300-302].




        Phosphorylation and subsequent activation of AKT resulting in an increased activation of the central PI3K/AKT-signal transduction pathway also play an important role in anal cancer like in most of HPV-caused tumours [297, 303, 304].


      




      

        Potential Biomarkers Currently Under Further Investigation




        Anal cancer is poorly examined on molecular and biological level most probably due to the fact that it is a rare tumour with low tissue availability. No data exist about aberrant microRNA expression in anal cancer patients.




        Since anal cancer is in most cases HPV-related, the cell cycle regulator p16 may serve as a biomarker for detecting HPV-DNA. Tumours with moderate to high p16 expression may respond better to chemoradiotherapy and have a lower relapse rate compared to those with low expression [290]. In a systematic review which analyzed 29 different biomarkers, only p53 and p21 were prognostic in more than one study and only p53 mutations were associated with poorer survival [305].




        Up to now only one study address epigenetic differences in the context of anal cancer [306]. It was possible to identify 16 CpG sites with differentially methylation status in high-risk anal cancer patients compared to low-risk patients and by this to discriminate locally advanced from early anal cancer [306]. Therefore, it seems possible to use epigenetic alterations as potential biomarkers for stratification of anal cancer patients.




        The most important points of the above discussion about anal cancer are summarized in Table 3.




        

          Table 3 Anal cancer.




          

            

              

                	Risk factors



                	- Human papillomavirus (HPV) infection


                - Anoreceptive intercourse


                - Cigarette smoking


                - Immunosuppression

              




              

                	Current treatment modalities



                	- Surgery


                - Chemoradiation therapy based on mitomycin C and 5´-fluorouracil


                - 5´-fluorouracil and cisplatin


                - Radiotherapy

              




              

                	Current biomarkers



                	- Not available

              




              

                	Potential biomarkers currently


                under investigation



                	Proteins:


                - Cell cycle regulator p16


                - p53


                Epigenetic alterations:


                - Methylation status of 16 CpG sites

              


            

          




        


      


    




    

      Small Intestine Cancer




      

        Incidence, Diagnosis and Risk Factors




        Cancer of the small intestine is very uncommon but the incidence of small intestine cancer has increased over the last decades [165, 307-310]. Patients with Crohn’s disease, Celiac disease, Familial Adenomatous Polyposis (FAP) and Peutz-Jeghers syndrome have increased risk for developing small intestine cancer [307, 309-313]. Furthermore, some risk factors like high consumption of red or processed meat, saturated fat, obesity and smoking have been connected to this type of GI cancer [307, 311]. The prognosis for carcinomas of the small intestine is poor (5 years relative survival 30%) [165, 307, 308].


      




      

        Current Biomarkers in Use




        Up to now no specific biomarkers are available for predicting prognosis and treatment decision for small intestinal cancer.


      




      

        Current Treatment Modalities




        Because of the low prevalence the efficacy of chemotherapy for treating small intestine cancer is only addressed in limited studies with small patient numbers [314-320]. Treatment with 5-fluorouracil of advanced small intestine cancer patients results in median survival of 9-13 months [314-316]. Recently it was demonstrated that curative resection and definitive chemotherapy for unresectable cases of small intestine cancer can be an effective treatment approach [317, 321].


      




      

        Potential Biomarkers Currently Under Further Investigation




        Furthermore, only few studies have been performed to analyze genetic differences and aberrant microRNA expression in small intestine cancer.




        One study based on 46 patients showed that small intestine cancer can be subdivided into microsatellite instable and microsatellite stable tumours [322]. Patients with chromosomal stable small intestine cancer were found to have low frequencies of altered CpG island methylation, rarely BRAF mutations but often mutations in KRAS gen [322].




        The most important points of the above discussion about small intestine cancer are summarized in Table 4.




        

          Table 4 Small intestine cancer.




          

            

              

                	Risk factors



                	- Crohn’s disease


                - Celiac disease


                - Familial Adenomatous Polyposis (FAP)


                - Peutz-Jeghers syndrome


                - High consumption of red or processed meat


                - High consumption of saturated fat


                - Obesity


                - Smoking

              




              

                	Current treatment modalities



                	- Surgery


                - 5´-fluorouracil

              




              

                	Current biomarkers



                	- Not available

              




              

                	Potential biomarkers currently


                under investigation



                	Epigenetic alterations:


                - Microsatellite instability

              


            

          




        


      


    




    

      Gastric Cancer




      

        Incidence, Diagnosis and Risk Factors




        Gastric cancer also known as stomach cancer was the most common cancer less than a century ago [323, 324]. Since the widespread use of refrigerators the rate of gastric cancer decreased [325]. Beside increased consumption of fresh vegetables and fruits the intake of salt, which had been used as a food preservative, decreased. Furthermore also food contaminations caused by carcinogenic compounds arising from unrefrigerated meat products have been strongly decreased [325]. Although it is no longer the most common cancer worldwide, every year approximately 990,000 people are still diagnosed with gastric cancer worldwide, of whom about 738,000 die from cancer [323, 324, 326]. Currently, as incidence, gastric cancer is the fourth most common cancer and the second leading cause of cancer death worldwide [165, 323, 327]. The high mortality is caused by the fact that gastric cancer often forms metastasis [328]. The highest incidence rates are observed in East Asia, East Europe, and South America, whereas the lowest rates are observed in North America and most parts of Africa [323, 329].




        Gastric cancer can be subdivided into two subgroups: an intestinal and a diffuse type [330-332]. Intestinal tumours progress in sequential steps starting with atrophic gastritis followed by intestinal metaplasia then dysplasia and finally cancer [331, 332]. Diffuse gastric cancer is only related on chronic gastritis associated with Helicobacter pylori (H. pylori) infection [331, 332].




        In a small subgroup of gastric cancer patients (up to 3%) hereditary diffuse gastric cancer (HDGC) is diagnosed [333]. Mutations in the E-cadherin gene are known to cause HDGC [334].


      




      

        Current Treatment Modalities




        Surprisingly incidence rates of gastric cancer are found to be 2- to 3-folds higher in men than in women [323, 326, 335]. The prognosis for carcinomas of the stomach is poor (5 years relative survival 30%) [165]. Nevertheless, in patients’ receiving perioperative chemotherapy before operation 5-year survival was found to be 36% [336] and for advanced or metastatic gastric cancer the 5-year survival is around 5-20% with median overall survival being less than 12 months [337-339].




        Best survival results are achieved with a combined chemotherapy composed of 5`-fluorouracil and cis-platin in combination with an anthracycline [340, 341].


      




      

        Current Biomarkers in Use




        Based on several studies showing over-expression or amplification of human epidermal growth factor receptor-2 (HER-2 or ERBB2) in up to 30% of gastric tumours it becomes more and more reasonable to recognize HER-2 as an important biomarker and key driver in gastric cancer [340, 342-349]. The HER-2 positivity rate in gastric tumours is very similar to HER-2 positive breast cancer cases [350, 351]. Based on the good tolerability profile of the HER-2 antibody trastuzumab in patients with breast cancer [352, 353] trastuzumab was also introduced into the treatment of gastric cancer patients [340, 345]. In one large international multicenter study it was shown that addition of trastuzumab to the standard combination chemotherapy significantly improved overall survival compared with chemotherapy alone in advanced gastric cancer [345]. But up to now it is not finally sorted out if the observed positive trastuzumab effect is merely based on the fact that HER-2 expression is more common found in patients with intestinal-type tumours that are known to have a better clinical outcome compared to gastric cancer patients with diffuse-type tumours [344, 354-357]. Nevertheless, in several studies were demonstrated that HER-2-positive gastric tumours are a more aggressive cancer subgroup and resulting in poor outcome like it is the case in HER-2-positive breast cancer [342, 344, 358, 359]. Therefore, further studies are an urgent need to clarify if HER-2 expression has a good or poor prognosis in gastric cancer.


      




      

        Potential Biomarkers Currently Under Further Investigation




        Also in gastric cancer the first attempts have been done to use cft-DNA for monitoring the disease status [360, 361]. In a small gastric cancer patient cohort the concentration of cft-DNA was found to increase in parallel with established serological biomarkers but cft-DNA has not had advantage over serological biomarkers already in use [360].




        Gastric cancer is characterized by numerous genetic and epigenetic alterations. A variety of different genetic and epigenetic changes are involved in and favour development of gastric cancer [362, 363]. Loss of the APC tumour suppressor gene, ß-catenin and K-ras mutations as well as inactivation of TP53 tumour suppressor gene are often found in gastric cancer patients [362, 364-366]. Also c-met and HER-2 (already discussed above) gene amplifications are often observed [362, 367-371]. Furthermore CpG-hypermethylation of hMLH1 mismatch repair gene resulting in microsatellite instability is a common event in gastric cancer [330, 362, 372-377]. Beside hypermethylation, also increased rate of hypomethylation can be a reason for cancer as it was shown for the oncogenes ELK1, FRAT2, r-RAS, RHOB, and RHO6 that are found to be activated by demethylation of specific CpG sites in more than half of gastric cancers [378, 379].




        Nevertheless, overexpression of cyclin E, reduced expression of p27KIP1 by deranged degradation in proteasome and reactivation of telomerase are often observed in gastric cancer patients [380, 381]. A prerequisite for progression of poorly differentiated or scirrhous gastric carcinomas is the loss of E-cadherin (especially in the context of H. pylori infection) and catenins by mutation or CpG hypermethylation [382-385]. Additional some reports describe loss of heterozygosity (LOH) and mutation of tumour suppressor gene PTEN in gastric cancer [386, 387].




        The role of non-coding RNA (e.g. microRNA and lncRNA) in gastric cancer has been extensively analyzed during the last years [328, 388-392]. Up to now the role of lncRNAs in context of gastric cancer is not fully understood and a lot of work is still necessary. Nevertheless, it is obviously that the altered expression of some lncRNAs (e.g. H19, HOTAIR, ANRIL) are connected to gastric cancer and formation of metastasis but not limited to gastric cancer and therefore these lncRNAs have only limited use as specific biomarkers [277, 278, 393-396]. Recently it was demonstrated that the c-Myc induced lncRNA CCAT-1 (colon cancer-associated transcript-1) has a high expression in early gastric cancer and is involved in cancer proliferation, migration and metastasis [362, 397]. But once again the lncRNA CCAT-1 is not specific for gastric cancer and is found to be over-expressed also in colon cancer, hepatocellular carcinoma and breast cancer [398-401]. In contrast microRNAs seem to be much better biomarkers. It was possible to discriminate gastric cancer caused by H. pylori from H. pylori negative cancer based on the microRNA expression pattern [402]. In general, despite miR-21 that is very often connected to different cancer types [271] miR-106, miR-17, and miR-221 are discussed as potential biomarkers for gastric cancer in several studies [403-408]. Furthermore, increased expression of miR-10 and miR-21 as well as low level of miR-125a and miR-146a were identified as indication for high metastasis risk in gastric cancer patients [49, 409, 410]. Using liquid biopsies from gastric cancer patients a signature based on five microRNAs (miR-1, miR-20a, miR-27a, miR-34, miR-423) was identified as diagnostic fingerprint for gastric cancer [411]. Additional the microRNA expression level correlated well with the tumour stage [411] and therefore this microRNA fingerprint will be a useful diagnostic tool in the future. This is an excellent example for the use of microRNA isolated from blood as diagnostic parameter.




        The most important points of the above discussion about gastric cancer are summarized in Table 5.




        

          Table 5 Gastric cancer.




          

            

              

                	Risk factors



                	-Helicobacter pylori infection


                - High intake of salt


                - Consumption of enormous amounts of smoked foods, salted fish and meat, and pickled vegetables


                - Low intake of fresh vegetables and fruits


                - Intake of food contaminations caused by unrefrigerated meat products


                - Gender

              




              

                	Current treatment modalities



                	- Perioperative chemotherapy


                - 5`-fluorouracil and cis-platin in combination with an anthracycline and trastuzumab

              




              

                	Current biomarkers



                	- CEA


                - CA19-9


                - HER-2

              




              

                	Potential biomarkers currently


                under investigation



                	Epigenetic alterations:


                - Microsatellite instability


                Proteins:


                - Cyclin E


                - p27KIP1


                - Telomerase


                - E-cadherin


                Long non-coding RNAs:


                - HOTAIR


                - H19

              




              

                	Potential biomarkers currently


                under investigation



                	- ANRIL


                - CCAT-1


                MicroRNAs:


                -Fingerprint based on miR-1, miR-20a, miR-27a, miR-34 and miR-423


                - MiR-21


                - MiR-106


                - MiR-17


                - MiR-221


                - MiR-10


                - MiR-125a


                - MiR-146a

              


            

          




        


      


    




    

      Oesophageal Cancer




      

        Incidence, Diagnosis and Risk Factors




        The incidence of oesophageal cancer is rapidly increasing during the last years [412] and it is currently the eighth most common incident cancer in the world with a very high mortality [413-416]. Risk factors are represented by smoking, hot tea drinking, red meat consumption, poor oral health, low intake of fresh fruits and vegetables, obesity, nass use (a chewing tobacco product), opium consumption and low socioeconomic status [413, 414, 417-425].




        Oesophageal cancer is subdivided into two groups according to histological appearance: oesophageal squamous cell carcinoma (predominant in western countries) and oesophageal adenocarcinoma (most common form in Asia) [426, 427].


      




      

        Current Biomarkers in Use




        No molecular markers for prediction of prognosis or treatment effect have been discovered so far for squamous cell carcinoma. For oesophagus adenocarcinoma the HER-2 status should be determined by immunohistochemistry for protein expression or in-situ hybridization for HER2 gene amplification [428].


      




      

        Current Treatment Modalities




        HER-2 positive oesophagealcancer patients can be treated with trastuzumab-containig regimens [345, 429].




        Nevertheless, oesophageal cancer is mostly treated by radiation with concurrent chemotherapy or surgery but the 5-year overall survival rates is with 5% to 10% very poor [416, 430, 431]. The most commonly used drugs for oesophagus cancer treatment are 5´-fluorouracil and cisplatin [431].




        One reason for the high mortality of oesophageal cancer is the late state of diagnosis [413] another reason is the role of tumour microenvirement [432]. Especially in the case of oesophageal cancer the surrounding cells seem to have an important influence on the tumour cells [432]. Beside cancer-associated fibroblasts that are able to support tumour growth and metastasis by altering the extracellular matrix by secreting growth factors and cytokines [432] also different immune cells (e.g. myeloid-derived suppressor cells, tumour-associated macrophages and regulatory T-cells) are involved in the development of oesophageal cancer [432]. Most probably therapies targeting the tumour microenvirement might be able to increase the survival of oesophageal cancer patients and currently different clinical studies are underway that target the cells in the tumour environment [432].


      




      

        Potential Biomarkers Currently Under Further Investigation




        Recently, a study using cft-DNA sequencing for analysing tumour mutations in oesophageal cancer patients was published [433]. It becomes obviously by comparing pre-surgery and post-surgery cft-DNA sequencing results that mutations specific for oesophageal cancer [434] had reduced frequency or disappeared after surgery [433]. Therefore cft-DNA could be used for detection and monitor therapy of oesophageal cancer [433].




        As one frequent reason for oesophageal cancer the inactivation of ECRG 4 by hypermethylation was identified [435]. Other hypermethylation hotspots in oesophageal cancer are p16, RASSF1A and retinoic acid receptor-beta2 gene [436-439].




        MicroRNAs are found to be deregulated in oesophageal cancer but most of these miRNAs are also dysregulated in other cancers [440]. MiR-21 together with miR-375 could have prognostic relevance but up to now a detailed analysis of circulating miRNAs as parameter for diagnosis and treatment response for oesophageal cancer is missing [440, 441]. In contrast, lncRNAs have already been evaluated as important players in oesophageal cancer progression as well as biomarkers [442-444]. The expression pattern of three lncRNAs (ENST00000435885.1, XLOC_013014 and ENST00000547963.1) was identified as independent prognostic factor for oesophageal tumour patients with different disease stages [444].




        Furthermore, increased copy numbers of several ABC transporter genes resulting in higher protein level of these transporters were found in oesophageal cancer patients [445]. Especially high expression of ABCC4 was identified as poor prognostic factor for oesophageal cancer [445].




        Up to now studies focussing on the identification of single-nucleotide polymorphism in the context of oesophageal cancer are only performed in Asian populations [446-449]. Single-nucleotide polymorphism in alcohol dehydrogenase 1B (ADH1B) (rs1229984), aldehyde dehydrogenase 2 family (ALDH2) (rs671), phospholipase C, epsilon 1 (PLCE1) (rs2274223), in chromosome 20 open reading frame (C20orf54) (rs13042395), phosphodiesterase 4D (PDE4D) (rs10052657), runt-related transcription factor 1 (RUNX1) (rs2014300), near to unc-5 homolog C (C. elegans)-like (UNC5CL) (rs10484761) and in vascular endothelial growth factor (VEGF) gen has been linked with oesophageal cancer [446-450].




        The most important points of the above discussion about oesophagus cancer are summarized in Table 6.




        

          Table 6 Oesophagus cancer.




          

            

              

                	Risk factors



                	- Smoking


                - Hot tea drinking


                - Red meat consumption


                - Poor oral health


                - Obesity


                - Nass use


                - Opium consumption


                - Low socioeconomic status


                - Low intake of fresh vegetables and fruits

              




              

                	Current treatment modalities



                	- Radiation with concurrent chemotherapy or surgery


                - 5´-fluorouracil and cisplatin


                - Trastuzumab for HER-2 positive oesophagus adenocarcinoma

              




              

                	Current biomarkers



                	- Not available for squamous cell carcinoma


                - HER-2 for oesophagus adenocarcinoma

              




              

                	Potential biomarkers currently


                under investigation



                	Epigenetic alterations:


                - Hypermethylation of genes coding for ECRG 4, p16, RASSF1A and retinoic acid receptor-beta2


                Single-nucleotide polymorphism:


                -ADH1B (rs1229984)


                -ALDH2 (rs671)


                -PLCE1 (rs2274223)


                -C20orf54 (rs13042395)


                -PDE4D (rs10052657)


                -RUNX1 (rs2014300)


                -UNC5CL (rs10484761)


                Proteins:


                - ABCC4


                MicroRNAs:


                - Fingerprint of miR-21 and miR-375

              




              

                	Potential biomarkers currently


                under investigation



                	Long non-coding RNAs:


                - ENST00000435885.1


                - XLOC_013014


                - ENST00000547963.1

              


            

          




        


      


    




    

      Pancreatic Cancer




      

        Incidence, Diagnosis and Risk Factors




        Pancreatic cancer has an extremely high mortality and is the leading cause of death from cancer [165, 451] partially due to the fact that it is often diagnosed at an advanced stage. The burden of pancreatic disorders is expected to increase over time [451, 452]. Pancreatic cancer affects people with Africans origin more than any other race [451, 452]. Heavy drinking, smoking and non-O blood groups have been evaluated as significant risk factors for pancreatic cancer [451, 453-455]. More than 80% of pancreatic cancer cases are due to sporadically occurring mutations, approximately 10% are related to inherited conditions and 10-15% have a positive familial history for pancreatic cancer [456].


      




      

        Current Biomarkers in Use




        The tumor-associated CA19-9 antigen is the only classical biomarker that has been extensively studied in pancreatic cancer [457, 458]. Due to its low specificity and sensitivity it is not useful as screening marker for pancreatic cancer [458]. Furthermore, CA19-9 level is elevated in many other conditions such as tumours of the upper gastrointestinal tract, ovarian cancer, hepatocellular carcinoma, colorectal cancer, inflammation of the hepatobiliary system and benign diseases such as thyroid disease or biliary obstruction [458]. Nevertheless, the pre-operative CA19-9 level has been shown to predict patient`s outcome; a preoperative level of CA19-9 ≥500 IU/ml indicates a worse prognosis after surgery [457]. In the post-operative setting the level of CA19-9 may predict disease recurrence, which is helpful in patient’s follow-up and for the decision who is treated with surgery alone or with adjuvant chemo- and/or radiotherapy [457]. However, a combination of imaging studies, biopsy and CA19-9 levels is a better option for disease follow-up rather than either methodology alone [457].


      




      

        Current Treatment Modalities




        For pancreatic cancer traditional chemotherapy is ineffective because pancreatic carcinoma has one of the densest stroma of all epithelial tumours and this dense stroma protects cancer cells against the drugs [459, 460]. Therefore surgery remains the only curative treatment for pancreatic cancer [461]. But even after curative surgical treatment the 5-year survival rate is only 20% [462].




        Chemotherapy for pancreatic cancer is mostly restricted to 5´-fluorouracil or gemcitabine monotherapy [463, 464] or a combination therapy containing one of these drugs [461, 465-468]. The combination therapy FOLFIRINOX (5´-fluorouracil, leucovorin, irinotecan and oxaliplatin) enables patients to have a progression-free survival of 6.4 months and an overall survival rate of 11.1 months [459, 469].




        Based on the finding that EGFR is over-expressed in 90% of pancreatic cancer patients [470, 471] a combination therapy with gemcitabine and the EGFR targeting drug erlotinib was established [467].


      




      

        Potential Biomarkers Currently Under Further Investigation




        In pancreatic cancer the most commonly mutated genes are KRAS, TP53, CDKN2A and SMAD4 [457, 472] leading to an increased cell proliferation, survival, motility and remodelling. One subgroup of pancreatic cancer (medullary pancreatic carcinoma) that has a better prognosis compared to other pancreatic cancer subgroups is characterized by epigenetic silenced MLH1 gene via promoter methylation and the missing MLH1 gene expression results in microsatellite instability [457, 473-475]. In general hypermethylation of promoters are a common epigenetic deregulation found in pancreatic cancer [476]. In the course of malignant progression FOXA1/2 gene expression is lost due to increasing promoter hypermetylation [477] and as a result E-cadherin expression is reduced and epithelial-mesenchymal transformation is increased. More often genomic instability in pancreatic cancer is caused by hypomethylation resulting in over-expression of genes and proteins [476]. One example is MUC4 gene expression that is increased from normal tissue over pancreatic lesion to pancreatic cancer caused by increasing promoter hypomethylation [478].




        The use of cft-DNA in the context of pancreatic cancer for clinical purpose is limited due to the low sensitivity and high variability observed in different studies up to now [479-481].




        In contrast microRNA expression has been found to be deregulated in pancreatic cancer patients [482-486]. A panel of four microRNAs (miR-145, miR-150, miR-223 and miR-636) was identified as diagnostic marker for pancreatic cancer which together with the classical biomarker CA19-9 enhanced significantly the specificity and sensitivity for prediction [487]. According to another study the expression level of miR-1290 in serum and tumour tissue of pancreatic cancer patients have a higher diagnostic accuracy than CA19-9 [482, 488, 489]. It is not surprisingly that even in pancreatic cancer miR-21 has prognostic potential and a high miR-21 expression level correlates with poor clinical outcome [490]. But also a down-regulation of miR-34 was associated with a decrease in overall survival of pancreatic cancer patients [491]. Furthermore, over-expression of the lncRNAs HOTAIR and MALAT-1 were also identified as marker for poor clinical outcome in the context of pancreatic cancer [492, 493]. Therefore, non-coding RNAs are most probably best suited to increase detection and therapy of pancreatic cancer patients in the near future.




        The most important points of the above discussion about pancreatic cancer are summarized in Table 7.




        

          Table 7 Pancreatic cancer.




          

            

              

                	Risk factors



                	- Heavy drinking


                - Smoking


                - Non-O blood groups


                - African origin

              




              

                	Current treatment modalities



                	- Surgery


                - Monotherapy with 5´-fluorouracil or gemcitabine


                - FOLFIRINOX (5´-fluorouracil, leucovorin, irinotecan and oxaliplatin)


                - Combination therapy with gemcitabine and erlotinib

              




              

                	Current biomarkers



                	- CA19-9

              




              

                	Potential biomarkers currently


                under investigation



                	Epigenetic alterations:


                - Microsatellite instability


                MicroRNAs:


                - Fingerprint of miR-145, miR-150, miR-223 and miR-636


                - MiR-1290


                - MiR-21


                - MiR-34


                Long non-coding RNAs:


                - HOTAIR


                - MALAT-1

              


            

          




        


      


    




    

      Liver and Bilary Tract Cancer




      

        Incidence, diagnosis and risk factors




        Liver cancer is the sixth most commonly diagnosed cancer worldwide [165] and primary liver cancer is the third largest cause of cancer mortality in the world [326, 494]. This GI cancer type is primarily associated with chronic hepatitis B virus (HBV) and hepatitis C virus (HCV) infections, but is also linked to other risk factors such as dietary aflatoxin exposure, alcohol-related cirrhosis, fatty liver disease, obesity, smoking, diabetes, and iron overload [495-499].




        Cholangiocarcinoma also known as bile duct cancer has an extremely low incidence rate in western world (1-2 case per 100,000 people) and a higher prevalence in Asia caused by endemic chronic parasitic infestation [500]. But over the past decades incidence have rising worldwide and account for 3% of all GI cancer [501, 502]. This epithelial cell based tumour is in nearly all cases an incurable and rapidly lethal cancer because up to now no curative treatment exists except surgery [503].


      




      

        Current Biomarkers in Use




        Serum alpha-fetoprotein (AFP) levels together with abdominal ultrasound are the most commonly used methods for screening and diagnosis of hepatocellular carcinoma [504]. High levels of AFP are associated with larger tumour size, bilobar involvement and portal vein thrombosis [505]. Even survival has been shown to be markedly reduced in patients with AFP ≥400 IU/ml [505]. Also, very good correlations between tumour differentiation as well as tumour stage according to the BCLC classification and the AFP level have been discovered [504]. Despite these data, the diagnostic value of AFP is considered controversial since its sensitivity and specificity are unstable and current guidelines recommend its use for diagnosis of liver carcinoma but only in combination with imaging modalities [506].


      




      

        Current Treatment Modalities




        Given the fact that most cholangiocarcinoma patients have advanced stage disease and are inoperable at the time of diagnosis, they generally receive palliative care treatments such as radiation therapy and chemotherapy [503]. 5´-fluorouracil with leucovorin, gemcitabine as a single agent or gemcitabine plus cisplatin, irinotecan, or capecitabine are used in clinical practice [507-511]. These chemotherapeutic agents are also used as additional therapies after surgery in cases where resection has apparently been successful [512-516].




        For liver cancer the only curative treatment is liver resection or liver transplantation. Certain signaling pathways and molecular alterations have been identified as driver of liver cancer development by promoting cell growth and survival [517, 518]. This knowledge offers the possibility to develop targeted therapies [518]. Especially the multi tyrosin-kinase inhibitor sorafenib has been shown to be effective against liver cancer [519] and recently sorafenib was approved as first-line treatment for this disease [519, 520]. Combined therapy is much more efficient and a potent treatment for advanced liver cancer patients is based on a combination of sorafenib with transarterial chemoembolization [521]. Furthermore, one clinical study demonstrated a synergistic effect for a combination therapy based on sorafenib and rapamycin, an mTOR inhibitor, in liver cancer patients [522]. Another multi-kinase inhibitor, regorafenib, has been successfully tested in clinical studies as a second-line drug in liver cancer patients who progress after prior sorafenib treatment [523] and a phase 3 trial was successful completed (presented at the 18th World Congress on Gastrointestinal Cancer (Barcelona, Spain, 2016), Abstract LBA-03). Therefore, regorafenib is currently under approval for second-line therapy for liver cancer by FDA.




        Another new approach for treating liver cancer is immunotherapy [524-526] and the first results from clinical trials are promising. Some studies (ClinicalTrials.gov Identifier: NCT02576509, NCT01658878, NCT02423343, NCT01853618, NCT02519348, NCT01968109) target molecules that are involved in regulation of the immune response. By this the anti-cancer immune response is activated by either blocking inhibitory molecules or activating stimulatory molecules [527]. Another possibility is to use monoclonal antibodies directed against specific tumour antigens for initiating an immune response (ClinicalTrials.gov Identifier: NCT02435433, NCT01631552, NCT01306058, NCT02560779) [528].




        In other studies, genetic modified cells or virus are used. In the so called “adoptive T-cell therapy” T-cells from the patients are genetically modified to enhance their activity and then re-introduced into the patient [529]. By this, the anti-cancer response of the immune system is improved (ClinicalTrials.gov Identifier: NCT01174121). Some modified virus strains are used to specific infect tumour cells (ClinicalTrials.gov Identifier: NCT02562755, NCT01071941). The oncolytic viruses cause self-destruction of tumour cells and result in an increased immune response due to the higher amount of released tumour specific antigens [530-532].


      




      

        Potential Biomarkers Currently Under Further Investigation




        Deregulated microRNA expression pattern that modulate signalling pathways has been observed in liver cancer. MiR-122 is often reduced expressed in liver cancer [533, 534]. This microRNA is known to target cyclin G1 as well as the cell-cycle inhibitors CDKN1B (p27kip1) and CDKN1C (p57kip2) resulting in abnormal cell-cycle in tumour cells [535, 536]. Furthermore, as in most human cancers miR-21 is found to be over-expressed in liver cancer resulting in an increased activity of PI3K/AKT pathway leading to an increased invasion and proliferation [534, 537]. Beside the fact that these microRNAs could most probably be used as therapeutic target for new treatments of liver cancer the deregulated microRNAs are helpful for diagnosis, therapy and subgrouping of liver cancers [534]. For example miR-26 down-regulation results in activation of NF-κB and IL-6 signaling pathways and is an indication for inflammation-related liver cancer [538, 539]. Patients with low miR-26 expression are responding better to interferon therapy than do other patients [538, 540]. Even for prediction of resistance to gemcitabine treatment in cholangiocarcinoma patients microRNA level of miR-21 and miR-200b in the blood can be used [541].




        MiR-126 down-regulation is an indication for alcohol-related liver carcinoma and mir-96 is found to be over-expressed specifically in HBV-related cancers [534]. Theras the up-regulation of miR-21, miR-122 and miR-223 in serum is detected in liver cancer patients with HBV- or HCV-infection [542, 543]. This set of up-regulated microRNAs was proofed to be a better biomarker for liver cancer compared to α-fetoprotein [542, 543]. MiR-15b and miR-130b showed good potential as useful biomarkers for early-stage liver cancer patients because these microRNAs are strongly up-regulated in an early phase of the disease when α-fetoprotein level is still extremely low [544].




        Also some lncRNAs are highly up-regulated in liver cancer and detection of some lncRNAs can be used as independent diagnostic marker for this disease like MALAT-1 for liver cancer recurrence after liver transplantation [545].




        Another biomarker for detection and treatment success as well as prognosis of liver carcinoma is cft-DNA [546]. The increased DNA methylation present in liver cancer patients can be detected in cft-DNA [547-550] and this might be used as a blood based test for early detection of liver cancer in the near future.




        The most important points of the above discussion about liver and biliary tract cancer are summarized in Table 8.




        

          Table 8 Liver and biliary tract cancer.




          

            

              

                	Risk factors



                	- Chronic hepatitis B virus infection


                - Chronic hepatitis C virus infection


                - Dietary aflatoxin exposure


                - Alcohol-related cirrhosis


                - Fatty liver disease


                - Obesity


                - Smoking


                - Diabetes


                - Iron overload


                - Chronic parasitic infestation

              




              

                	Current treatment modalities



                	- Surgery


                - Liver transplantation


                - Radiation


                - Chemotherapy (5´-fluorouracil with leucovorin, gemcitabine as a single agent or gemcitabine plus cisplatin, irinotecan, or capecitabine)


                - Sorafenib alone or in combination with transarterial chemoembolization


                - Regorafenib


                - Immunotherapy

              




              

                	Current biomarkers



                	- AFP

              




              

                	Potential biomarkers currently


                under investigation



                	MicroRNAs:


                - Fingerprint of miR-21, miR-122 and miR-223


                - MiR-26


                - MiR-200b


                - MiR-126


                - MiR-96


                - MiR-130b


                - MiR-15b


                Long non-coding RNA:


                - MALAT-1

              


            

          




        


      


    




    

      Gallbladder Cancer




      

        Incidence, Diagnosis and Risk Factors




        Gallbladder cancer is the sixth most frequent GI cancer and the most common malignancy of the biliary tract, representing 80%–95% of biliary tract cancers worldwide [551, 552]. Overall mean survival is only 6 months, while 5-year survival rate is only 5% [551, 553]. Risk factors are chronic inflammation in the gallbladder, gallstones, obesity and chronic salmonella infection. Surprisingly incidence rates of gallbladder cancer are found to be 2- to 6-folds higher in women than in men [554].


      




      

        Current Biomarkers in Use




        CA19-9 and CEA are most commonly used in the diagnosis of gallbladder cancer [555, 556].


      




      

        Current Treatment Modalities




        Surgical resection of gallbladder cancer is the only chance for complete cure but only very few patients are diagnostic in an early stage so that surgery is still possible [557, 558]. Nevertheless the recurrence rate is high among surgical treated patients most probably due to the high metastasis rate of gallbladder cancer [557]. Advanced stage disease can be treated only palliative with gemcitabine, platin-based or fluoropyrimidine-based chemotherapy often in combination with radiotherapy [559-563]. In general chemotherapy has little effect on this kind of cancer and up to now a standard chemotherapy for gallbladder cancer has not been established [511]. Unfortunately a targeted therapy has only a very limited role in the management of gallbladder cancer mostly caused by limited understanding of the molecular carcinogenesis of adenocarcinomas of the gallbladder [558, 559, 564-566].


      




      

        Potential Biomarkers Currently Under Further Investigation




        At least first steps have been made to identify aberrant expressed microRNAs in gallbladder cancer [567-571]. An increased expression of miR-20a, miR-21, miR-155 and miR-182 was found to be associated with gallbladder cancer [569, 572-575]. Especially for miR-20a a central role in gallbladder cancer development was proofed and high expression level of this microRNA is correlated to local tumour invasion, increased epithelial-to-mesenchymal transformation as well as distant metastatic sides and therefore indication of poor patient survival [575]. MiR-155 over-expression in gallbladder cancer patients seems to be a marker for lymph node metastasis and vascular invasion [569]. In agreement with these observations gallbladder patients with high level of miR-155 have a lower survival rate compared to patients with low level of miR-155 [569]. Further studies are needed but it seems probably that miR-155 could become a prognostic marker for gallbladder cancer.




        Nevertheless, most deregulated microRNAs are down-regulated in gallbladder tumours [567] as it is the case for miR-1, miR-26a, miR-34a, miR-130a, miR-135a-5p, miR-145, miR-146b-5p, miR-218-5p and miR-335 [570, 576-582]. By multivariate analysis the expression level of miR-335 was identified as independent prognostic factor for the overall survival of gallbladder cancer patients [570]. MiR-26 expression level was found to be in good agreement with pathological TMN stage and also expression level of miR-135a-5p correlated with the histological tumour grade [576, 577]. Interestingly, some of these microRNAs are down-regulated by lncRNAs, e.g. miR-218-5p by CCAT-1; miR-130a by HOTAIR [579, 581].




        Recently it has been discovered that also a panel of circulating microRNAs (let-7a, miR-21, miR-143, miR-187, miR-202 and miR-335) isolated from blood can be used to discriminate gallbladder cancer patients from healthy donors [583]. Furthermore, the level of microRNAs corresponded with tumour pathological features and it seems to become a promising method for early detection of gallbladder cancer [583].




        The most important points of the above discussion about gallbladder cancer are summarized in Table 9.


      




      

        Conclusions and Perspectives




        Even though in recent years, the survival of patients affected by the diverse group of cancers of the digestive tract and commonly summarized as GI tumours, has improved [14-17], there is still an urgent need of discovery of biomolecular tools in order to implement and support traditional detection methods for an earlier and




        

          Table 9 Gallbladder cancer.




          

            

              

                	Risk factors



                	- Chronic inflammation in the gallbladder


                - Gallstones


                - Obesity


                - Chronic salmonella infection


                - Gender

              




              

                	Current treatment modalities



                	- Surgery


                - Chemotherapy with gemcitabine, platin-compounds or fluoropyrimidine-compounds


                - Radiotherapy

              




              

                	Current biomarkers



                	- CEA


                - CA19-9

              




              

                	Potential biomarkers currently


                under investigation



                	MicroRNAs:


                - Fingerprint of let-7a, miR-21, miR-143, miR-187, miR-202 and miR-335


                - MiR-20a


                - MiR-21


                - MiR-155


                - MiR-182


                - MiR-1


                - MiR-26a


                - MiR-34a


                - MiR-130a


                - MiR-135a-5p


                - MiR-145


                - MiR-146b-5p


                - MiR-218-5p


                - MiR-335

              


            

          




        




        more specific diagnosis. Moreover, biomarkers for cancer detection could be used for monitoring the disease in case of chemotherapeutic treatment either with standard or targeted therapies but also as follow-up post surgery or in event of recurrence. However, this objective could be reached only by the discovery and validation of biomarkers with demonstrated high sensitivity and specificity in regard to the cancer-type. Blood based biomarkers are emerging not only as more suitable for detecting the more complex cancer heterogeneity than in primary cancer tissue source [584, 585], but also the so called “liquid biopsy”, is overcoming the lower compliance on patients on traditional biopsy methods and reducing the procedure associated risks [113, 586, 587]. Among new biomarkers for cancer the monitoring of cft-DNA and non-coding RNA (e.g. microRNA and lncRNA) have been deeply studied in last decade for their high stability in body fluids [588, 589] thus representing new highly promising biomarkers. Furthermore, these biomarkers (or a combination of biomarkers) could be of pivotal importance in the light of increasing amount of personalized medicine. Therefore, it might be of extreme importance to pursue studies able to explore and validate the potentiality of high sensitive methods (ddPCR, NGS platforms, nCounter) in order to implement traditional biomarkers for diagnostic and prognostic settings but also importantly for prediction of response to therapeutic drugs in cancer treatment. Thus, the identification of new molecular biomarkers could represent a promising tool for guiding a better treatment of cancer patients not only in the field of GI cancer.
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