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Santos1, Pedro Pinto1, Joana Guerra1, João Silva1, Manuel R. Teixeira1,2 
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Aim: Mutations in the RAS genes are negative predictors of response to anti-EGFR 
monoclonal antibodies in metastatic colorectal cancer (mCRC). The detection of mutations in 
circulating tumor DNA (ctDNA) has emerged as a noninvasive strategy to assess the 
molecular profile of advanced cancer patients and to follow the clonal evolution during 
therapy. This study aimed to perform RAS mutational analysis in plasma ctDNA from mCRC 
patients using two different techniques, BEAMing Digital PCR technology and the highly-
automated real-time PCR platform Idylla, which present limits of detection of 0.01% and 
0.2%, respectively. 
Methods: This study includes 21 patients with mCRC, previously tested for RAS mutations in 
tumor tissue by Idylla assays. Blood samples were collected at diagnosis (before surgery and 
chemotherapy) in 16 patients and after surgery (but before chemotherapy) in two patients. In 
three patients the blood sample was collected at disease progression (after surgery and 
chemotherapy), but none of them was performing chemotherapy at the time. DNA was 
extracted from plasma using the QIAamp Circulating Nucleic Acid Kit and RAS mutation 
analysis was conducted using OncoBEAM RAS CRC and Idylla ctRAS assays. 
Results: Of the 21 cases, 14 presented a mutation in tumor tissue. Using the OncoBEAM test 
we detected RAS mutations in 12 patients, being the concordance rate with tumor tissue 
testing 86% (12/14). Of the 21 cases tested by Idylla ctDNA analysis, the mutation previously 
identified in tumor tissue was detected in 71% (10/14) of the cases. Regarding the four 
negative cases by Idylla ctDNA analysis (two also not detected by the OncoBEAM test), two 
of them had low amount of cell-free DNA and the other two presented a mutant fraction 
below 0.5% (detected by OncoBEAM test).    
Conclusion: The concordance rate between tumor tissue and plasma samples was higher for 
OncoBEAM RAS CRC test, demonstrating a higher sensitivity than Idylla for detection of 
RAS mutations in plasma. These results confirm that ctDNA can be an adequate DNA 
source for tumor genotyping in mCRC patients. 
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Vanesa GARCÍA-BARBERAN (Hospital Clínico San Carlos, Madrid, Spain, 
http://www.idissc.org/en/investigacion-oncologia.php) 
 
Use of liquid biopsy to detect prognostic and predictive biomarkers and monitoring of 
response 
Molecular Oncology Laboratory, Clinico San Carlos Hospital, Madrid, Spain 
Analysis of circulating nucleic acids is a non invasive method to detect and quantify 
biomarkers. In addition, it allows monitoring during treatment reporting efficacy information to 
carry out personalized medicine. The intratumoral heterogeneity threats in the decision of the 
most appropriate treatment, but ctDNA is representative of the whole disease and represents 
an advantage in this setting. Technological progress has improved the sensitivity and 
specificity to detect gene variants, enabling the detection of low-frequency mutations. 
Therefore, these technologies allow ctDNA studies for searching for biomarkers to monitor 
the response to treatments. Our group has high expertise in ctDNA and ctRNA analysis in 
cancer patients. We evaluate circulating nucleic acids from plasma and cerebrospinal fluid, 
and circulating tumor cells in blood. To carry out this type of analysis, we have several 
methodologies in our laboratory:  
- qPCR  
- Idylla 
- digital PCR (Thermo) 
- Beaming  
- NGS Panels using UMIs (miSeq, Illumina) 
- Isoflux 
Currently, we have several projects in this research line:  
- Mutational study in brain tumors using plasma and cerebrospinal fluid 
- Mutational study in luminal breast cancer using plasma 
- Mutational study in metastatic colorectal cancer using plasma and CTCs 
- Interaction between stroma and tumor cells through exosomes. Quantification, study of 
cargo and effects in recipient cells 
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Methylation analysis of ctDNA.  
 
Miljana TANIC (Institute for Oncology and Radiology of Serbia, Belgrade, Serbia, 
https://www.researchgate.net/profile/Miljana_Tanic) 
 
Targeted bisulfite sequencing methods for DNA methylation biomarker discovery and 
detection from liquid biopsies 
 
Miljana Tanić1,2, Ronn Finn1, Simon Rodney1, Pawan Dhami1, Trine Block Mattesen3, 
Nadia Øgaard3, Mai-Britt Ørntoft3, Claus Lindbjerg Andersen3, Andrew Feber1, Stephan 
Beck1 
 1 UCL Cancer Institute, University College London, London, United Kingdom 
 2 Institute for Oncology and Radiology of Serbia, Belgrade, Serbia 
3Department for Molecular Medicine, Aarhus University Hospital, Denmark 
 
DNA methylation (DNAm) is an epigenetic modification necessary for cellular differentiation 
and development. Aberrant DNA methylation is an early event in carcinogenesis with marked 
tissue specificity. Discovery of DNAm biomarkers relies on the application of high-throughput 
technologies for epigenome-wide association studies (EWAS).  Methylation arrays such as 
Illumina’s 450K or EPIC array are most commonly used, but interrogate only a limited 
number of CpG sites. Genome-wide targeted bisulfite sequencing (TBS) offers a wider 
coverage of the genome allowing for a discovery of novel candidate CpGs. Currently there 
are five commercially available platforms on the market for TBS methylome analysis. We 
performed a comprehensive comparison of 3 hybridization-based methods from Agilent, 
Roche and Illumina and 2 RRBS-based methods from Diagenode and Nugen on a set of 16 
samples sequenced to an average of 30x coverage on an Illumina HiSeq 2500 sequencer. 
We compared the time-to-result, protocol simplicity, sequencing output variability, genomic 
feature coverage, hybridization capture efficiency, cost-effectiveness and overall 
concordance in methylome profiles for each method. Secondly, detection and validation of 
candidate DNAm biomarkers from cfDNA is hampered by minute quantity, short fragment 
length and procedural DNA loss and further fragmentation during bisulfite conversion step. 
We compared the performance of two ultra-low input library prep methods on bisulfite 
converted single stranded DNA (ssDNA) using Swift-Accell Methyl Seq and  CATS 
(Diagenode) in combination with Roche Nimblgen EpiCapSeq hybridization probes on a set 
of samples including, mock cfDNA, plasma cfDNA from healthy volunteers and matched 
Fresh Frozen and FFPE CRC tumours.  Finally, the Swift-Nimblgen combination method was 
applied on a cohort of 48 age-matched case and control plasma samples from the NoCRC 
colorectal cancer screening programme. 
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ddPCR of ctDNA in CRC 
 
Ursula PROSENC-ZMRZLJAK (BIA Separations - Labena, Ljubljana, Slovenia, 
http://www.labena.rs/) 
 
Ursula Prosenc Zmrzljak (LABENA) 
Detection of somatic mutations with ddPCR from liquid biopsy of CRC patients 



 6

WGS of ctDNA in mCRC 
 
Ellen HEITZER (Medical University of Graz, Austria, https://www.medunigraz.at/en/) 
 
 
Cell-free DNA analysis reveals POLR1D-mediated resistance to bevacizumab in colorectal 
cancer 
 
Background: Bevacizumab, a monoclonal antibody against soluble VEGFA, is an approved 
and commonly administered anti-angiogenic drug in patients with metastasized colorectal 
cancer (mCRC). The survival benefit of anti-VEGF therapy in mCRC patients is limited to a 
few months and acquired resistance mechanisms are largely unknown. Here, we employed 
whole-genome sequencing of plasma DNA to evaluate the tumor genome of patients 
undergoing treatment with bevacizumab to determine novel aberrations associated with 
resistance. 
Methods: Using longitudinal plasma analyses, we studied the evolution of tumor genomes in 
a mCRC cohort (n=150) and conducted analyses of CRC cases from the (The Cancer 
Genome Atlas) TCGA database (n=619) to identify associations between genomic 
aberrations and clinical features. We employed whole-genome sequencing to identify the 
most frequently occurring focal somatic copy number alterations (SCNAs). Using the TCGA 
data as a comparative and supporting dataset, we defined the minimally amplified 
overlapping region and studied the mechanistic consequences of copy number gain of the 
involved genes in this segment. In addition, we established an in vitro cell model and 
conducted downstream gene expression and cell viability assays to confirm our findings from 
the patient dataset. 
Results: We observed a recurrent focal amplification (8.7% of cases) on chromosome 
13q12.2. Analysis of CRC cases from the TCGA database suggested that this amplicon is 
associated with more advanced stages. We confirmed that this 13q12.2 amplicon frequently 
emerges later during the clinical course of disease. After defining the minimally amplified 
region, we observed that the amplification and expression of one gene, POLR1D, impacted 
cell proliferation and resulted in upregulation of VEGFA, an important regulator of 
angiogenesis which has been implicated in the resistance to bevacizumab treatment. In fact, 
in several patients, we observed the emergence of this 13q12.2 amplicon under 
bevacizumab treatment, which was invariably associated with therapy resistance. 
Conclusions: Non-invasive analyses of cell-free DNA from patients undergoing treatment 
with bevacizumab enabled the tracking of evolving tumor genomes and helped identify a 
recurrent focal SCNA of clinical relevance. Here, we describe a novel resistance mechanism 
against a widely applied treatment in patients with mCRC which will impact the clinical 
management of patients. 
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ctDNA for response prediction in esophageal cancer and CRC.  
 
Lisa HOFSTE (Radboud University Medical Center, Nijmegen, The Netherlands, 
www.radboudumc.nl) 
 
 
Liquid biopsies to monitor response to neoadjuvant chemoradiotherapy in locally advanced 
esophageal and colorectal cancer patients  
 
L.S.M. Hofste1, M.J. Geerlings1, E.J. Kamping1, L.M. Garms2, R.S. van der Post3, J.H.W. 
de Wilt2, B.R. Klarenbeek2, M.J. Ligtenberg1,3  
 
1Department of Human Genetics, Radboud University Medical Center, The Netherlands 
2Department of Surgery, Radboud University Medical Center, The Netherlands 3Department 
of Pathology, Radboud University Medical Center, The Netherlands  
 
Background: The standard of care for patients diagnosed with locally advanced esophageal 
or colorectal cancer is neoadjuvant chemoradiotherapy and surgery. Several studies 
demonstrate the absence of residual tumor in the resection specimen after surgery in up to 
30% of patients. To identify these patients with a complete response for potential ‘wait-and-
see’ strategies, we propose to monitor the response to neoadjuvant treatment in these 
patients by measuring the quantity of circulating tumor DNA (ctDNA) in blood.  
Methods: In this study 300 patients with locally advanced esophageal or colorectal cancer 
will be included. Diagnostic biopsies and resection specimen are collected, histologically 
evaluated and analyzed with single-molecule molecular inversion probe-based sequencing 
for tumor specific mutations. For every patient different longitudinal blood samples have been 
collected for ctDNA measurements using a hybrid capture-based sequencing approach 
targeting 15 genes and microsatellite instability markers. Samples have been taken before, 
during and after chemoradiotherapy and after surgery.  
Results: So far 90 esophageal and 40 colorectal biopsies have been analyzed. At least one 
tumor-specific mutation was detected in 85% of esophageal and 100% of colorectal tumor 
samples. Microsatellite instability was found in 8% and 7%, respectively. The hybrid capture-
based sequencing approach has shown to detect mutations at a variant allele frequency 
(VAF) of 0.1% using only 25 ng synthetic reference samples mimicking plasma DNA. In 9 out 
of 10 tested plasma samples of our colorectal cancer patients the tumor-specific mutations 
could be detected with a VAF ranging from 0.03 to 45%.  
Conclusion: An accurate hybrid capture-based targeted sequencing approach has been 
developed and successfully validated, enabling sensitive ctDNA detection in plasma of a 
cohort of locally advanced cancer patients. 
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ctDNA CNAs in gastro-esophageal cancer.  
 
Emma THAM (Karolinska Institutet, Stockholm, Sweden, https://staff.ki.se/people/emmcar) 
 
 
Cell-free tumour DNA analysis detects copy number aberrations in gastro-oesophageal 
cancer patients.  
 
Karin Wallander1, Jesper Eisfeldt1, Mats Lindblad2, Daniel Nilsson1, Kenny Billiau3,  
Hassan Foroughi3, Magnus Nordenskjöld1, Agne Liedén1* and Emma Tham1* 
*Equal contribution 
 
1 Department of Molecular Medicine and Surgery, Karolinska Institutet, and Department of 
Clinical Genetics, Karolinska University Hospital, and Center for Molecular Medicine, SE 
17176 Stockholm Sweden 
2 Department of Clinical Science, Intervention and Technology (CLINTEC), Karolinska 
Institutet and Department of Upper Abdominal Diseases, Karolinska University Hospital, 
Stockholm, Sweden 
3 Department of Microbiology, Tumor and Cell Biology (MTC), Karolinska Institutet, 
Biomedicum, SE-17176 Stockholm, Sweden 
 
Analysis of cell-free tumour DNA, a liquid biopsy, is a promising biomarker for cancer. We 
have performed a proof-of principle study to test the applicability in the clinical setting, 
analysing copy number alterations (CNAs) in plasma and tumour tissue from 44 patients with 
gastro-oesophageal cancer. 
DNA was isolated from blood plasma and a tissue sample from each patient. Array-CGH was 
applied to the tissue DNA. The cell-free plasma DNA was sequenced by low-coverage 
whole-genome sequencing using a clinical pipeline for non-invasive prenatal testing. 
WISECONDOR and ichorCNA, two bioinformatic tools, were used to process the output data 
and were compared to each other.  
Cancer-associated CNAs could be seen in 59% (26/44) of the tissue biopsies. In the plasma 
samples, a targeted approach analysing 61 regions of special interest in gastro-oesophageal 
cancer detected cancer-associated CNAs with a z-score >5 in 11 patients. Broadening the 
analysis to a whole-genome view, 17/44 patients (39%) had cancer-associated CNAs using 
WISECONDOR and 13 (30%) using ichorCNA. Of the 26 patients with tissue-verified cancer-
associated CNAs, 14 (54%) had corresponding CNAs in plasma. Potentially clinically 
actionable amplifications overlapping the genes VEGFA, EGFR, ERBB2 and FGFR2 were 
detected in the plasma from three patients. 
We conclude that low-coverage whole-genome sequencing without prior knowledge of the 
tumour alterations could become  a useful tool for cell-free tumour DNA analysis of total 
CNAs in plasma from patients with gastro-oesophageal cancer. 
  



 9

Plasma and fecal exosomes for CRC detection 
 
Alessio NACCARATI (Italian Institute for Genomic Medicine, Torino, Italy, http://www.iigm.it) 
 
Whole MiRNome profiling in fecal and plasma-exosome samples for the diagnosis of 
colorectal cancer.  
 
Barbara Pardini1,2, Sonia Tarallo1,2, Antonio Francavilla1, Giulio Ferrero3, Francesca 
Cordero3,Gaetano Gallo4,5, Veronika Vymetalkova6, Ludmila Vodickova6, Pavel Vodicka6, 
Alessio Naccarati1,6 
1. IIGM-Italian Institute for Genomic Medicine (IIGM), c/o IRCCS Candiolo, Candiolo (Italy) 
2. Candiolo Cancer Institute, FPO – IRCCS, Candiolo (Italy) 
3. Department of Computer Science, University of Turin, Turin (Italy) 
4. Department of Surgical and Medical Sciences, University of Catanzaro. Catanzaro (Italy) 
5. Department of Colorectal Surgery, Clinica S. Rita, Vercelli (Italy) 
6. Department of Molecular Biology of Cancer, Institute of Experimental Medicine, Prague 
(Czech Republic) 
Colorectal cancer (CRC) is the second most common non-sex-specific cancer worldwide and 
the second cause of cancer deaths. Screening programs for CRC based on the fecal 
immunochemical test (FIT) are effective in average-risk population for the tumor detection 
but has low sensitivity for the recognition of advanced adenomas. 
We identified microRNA (miRNA) signatures by next-generation sequencing in fecal samples 
that could detect patients with adenomas or CRC. The same signatures were also evaluated 
in plasma extracellular vesicles (EVs) from the same patients. A genome-wide miRNA 
expression profiling was initially performed in 221 subjects (80 healthy subjects; 43 adenoma 
patients; 41 individuals with inflammatory bowel disease [IBD]; and 57 CRC) recruited in a 
cross-sectional study in Italy where stool and plasma samples have been consecutively 
collected at colonoscopy. Several differentially expressed miRNAs, mostly in stool samples, 
have been identified both in common or peculiar of specific comparison among the 3 
categories of patients vs healthy subjects. Subsequently, a similar profiling has been 
performed for a set of 24 paired colorectal tumor and adjacent non-tumor samples from the 
group of CRC patients already sampled for stool and plasma. Several miRNAs (n=137) 
resulted altered in cancer tissues compared to non-tumor; on the other hand, 91 miRNAs 
resulted altered in stool and only 6 in plasma EVs. Analyzing stool samples from the whole 
Italian cohort we observed a good overlap of the altered miRNAs observed in tissues (miR-
148a-3p, miR-182-5p, miR-143-3p, miR-12136-3p; miR-378a-3p, miR-1290-5p, miR-21-5p, 
miR-7704-3p). 
The identified differentially expressed miRNAs in stool and plasma EVs were validated in an 
independent cohort from the Czech Republic (22 healthy, 19 inflammation, 21 adenoma, 34 
CRC) with a similar approach. Preliminary results in this independent cohort showed that 19, 
12 and 7 miRNAs were differentially expressed when comparing CRC with healthy, CRC and 
adenoma and inflammation individuals, respectively. 
In the comparison of CRC versus healthy subjects, we observed a good overlap of miRNAs 
differentially expressed between the Czech and Italian cohorts: 10 miRNAs (miR-148a-3p, 
miR-1181-3p, miR-1290-5p, miR-4488-3p, miR-1246-3p, let-7i-5p, let-7b-5p, miR-4497-3p, 
miR-21-5p, miR-149-3p) were significantly altered in the same directions in the 2 cohorts. 
Moreover, hsa-miR-1290-5p and hsa-miR-4488-3p resulted significantly upregulated when 
going from healthy, inflammation, adenoma and CRC both in the Italian and in the Czech 
cohorts. 
Finally, with the application of a multi-class machine learning approach, we identified a 
signature of 13 miRNAs whose expression was able to accurately classify (AUC = 0.90) the 
four classes of subjects in combination with the information of patient age and sex. 
These results showed that there could be a potential application of the analyses of nucleic 
acids in stool as adjuvant in non-invasive screening. 
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Cancer extracellular vesicle (exosome) DNA in diagnostic and cell to cell communication 
 
Basant Kumar THAKUR (University Clinic of Essen, Germany, https://www.uk-essen.de) 
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CTCs from CRC in tumor draining vein 
 
Carmen GARRIDO (Pfizer-University of Granada-Junta de Andalucía Centre for Genomics 
and Oncological Research (GENYO), Granada, Spain, https://www.genyo.es/en) 
 
Carmen Garrido Navas, María José Serrano  
 
The majority of metastatic colorectal cancer (mCRC) patients have bad prognosis, however 
when detected at earlier stages, CRC is highly curable after surgery. Therefore, identification 
of biomarkers able to predict risk of relapse is of great interest, as it will allow selecting 
patients susceptible to receive adjuvant therapy after surgery and thus, improving treatment 
response. Currently, the only criteria used for assessing favourable or adverse tumor biology 
are based on clinical and pathological observations such as tumoral burden or progression-
free survival. We propose the study of circulating biomarkers based on Circulating Tumor 
Cells (CTCs), which are cells released from the primary tumor to the bloodstream with 
metastatic potential, and circulating-free DNA (cfDNA) to predict metastasis occurrence and 
to stratify patients in "high" or "low" risk for developing metastatic disease. Beyond controlling 
metastasis in these patients, we propose a new study focused in the Cancer Interception (CI) 
concept. The objective of this project is to establish new strategies in the field of cancer 
prevention using biomarkers in liquid biopsies from patients at high risk to develop cancer. 
This study is in collaboration with Dr. E. Vilar from the MD Anderson, Texas and is opened to 
additional collaboration. 
First, we will genetically characterise CTCs isolated from the drainage vein of the tumor 
obtained during surgery in early-stage CRC patients, what will give insights into the 
molecular pathways activated in these CTCs and their dissemination potential. This will allow 
stratifying patients with higher/lower risk of developing metastasis for a subsequent more 
precise treatment. 
Next, we will evaluate quantity, quality and mutation profiles of cfDNA isolated from plasma 
in non-metastatic CRC patients and compare it with samples from metastatic ones to try 
identifying diagnostic and prognostic biomarkers allowing to distinguish and stratify patients.  
Finally, evaluation, in high-risk patients, of Circulating Epithelial Cells (CEC) of colonic origin 
with tumorigenic potential will have crucial implications for CI. By exploring their 
presence/absence, genetic profile and phenotype in sporadic polyps and hereditary 
polyposis patients, we plan to identify diagnostic and prognostic markers to thus derive 
patients for distinct prophylactic therapies, reducing risk of cancer. 
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Heterogeneity in CTCs – potential role in precision medicine  
 
Joao ALVES, Galicia Sur Health Research Institute (IISGS), Vigo, Spain, 
http://www.iisgaliciasur.es/?lang=en 
 
Heterogeneity in circulating tumor cells – potential role in precision medicine 
 
João M Alves, Sonia Prado-López, Joaquin Cubiella, Mercedes Salgado, David Posada  
 
With the recent application of molecular profiling in oncology, accumulating evidence 
suggests that human cancers display a highly diverse mutational landscape both between 
(inter-) and within (intra-) individual patients. Such findings highlight the need to explore the 
impact of such genomic heterogeneity in a clinical context in order to develop reliable and 
reproducible biomarkers, which should ultimately enable the stratification of cancer patients 
(*) into refined prognostic subgroups, and (**) in relation to therapeutic response. 
Importantly, as molecular diagnostics performed on single tissue biopsies should, for most 
cases, fail to represent the overall within-patient heterogeneity, we are currently evaluating 
the prognostic potential of the genomic heterogeneity of Circulating Tumor Cells (CTCs) 
traveling in the bloodstream of cancer patients. Using the diversity of these “liquid biopsies” 
as a surrogate for overall tumor heterogeneity, we are combining complementary strategies 
in molecular, population and comparative genomics in order to investigate how this measure 
can be used as (1) a tool for determining the aggressiveness of a tumor and (2) a prognostic 
biomarker for patient outcome. 
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CTC profiling / Example prostate cancer 
 
Rui NEVES (Experimental Surgical Oncology team, Düsseldorf, Germany, 
https://www.uniklinik-duesseldorf.de/) 
 
 
Challenges and opportunities of single-cell-based CTC-analysis to track the molecular 
evolution of systemic disease during therapy 
 
Rui Neves 
 
Experimental Surgical Oncology, Department of General, Visceral and Pediatric Surgery, 
University Hospital Düsseldorf, Düsseldorf, Germany  
 
Circulating tumour cells (CTCs) have a significant prognostic impact and constitute an 
unprecedented window to the metastatic cascade offering new opportunities to understand 
the molecular mechanisms of tumour dissemination and therapeutic resistance. However, 
CTC research is technical very challenging due to their rarity (typically 1-10 cells in 1 mL of 
blood) demanding for highly efficient enrichment methods and single-cell based molecular 
techniques. In this presentation I will discuss a set of workflows that we have optimized to 
isolate, and analyse DNA methylation and genome-wide copy number alterations (CNAs) in 
individual CTCs. Using such workflows we have exploring heterogeneity of the cell 
population and follow the genomic evolution of metastatic castration resistance prostate 
cancer (mCRPC) during systemic therapy. We have analysed CNAs in >400 CTCs from 
multiple patients at different time points during therapy. At baseline, we noted that CTCs of 
patients with a relevant decrease in CTC-count under PARP-inhibition (CTC-responders) 
displayed significantly elevated CNAs at baseline compared to CTC-non-responders. During 
therapy, in all patients, we could identify multiple sub-populations of CTCs and clear signs of 
evolution in the clonal architecture happening during therapy. The clonal evolution observed 
suggest the existence of different sub-populations responding differently to therapy. On-
going gene-based analyses are providing some clues on the molecular mechanisms 
underlying the differences in drug sensitivity noted between the sub-populations. Collectively 
our data show that CTC-analysis enables the dissection of clinically relevant intra-patient 
heterogeneity and that monitoring clonal evolution under therapy which might help to tailor 
therapies and pinpoint molecular mechanisms of therapeutic resistance. 
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DLA and high-volume blood samples for CTC detection  
 
Nikolas STOECKLEIN (Experimental Surgical Oncology team, Düsseldorf, Germany, 
https://www.uniklinik-duesseldorf.de/) 
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Circulating miRNAs in CRC  
 
Meritxell GIRONELLA (CIBERehd-IDIBAPS-Hospital Clínic, Barcelona, Spain, 
https://www.clinicbarcelona.org/en/idibaps/research-areas/liver-digestive-system-and-
metabolism/gastrointestinal-and-pancreatic-oncology/) 
 
 
Since the discovery of stable microRNAs (miRNAs) circulating in blood, many studies have 
explored the possibility of using these molecules as biomarkers of disease. New non-
invasive biomarkers that can complement and improve on current strategies for colorectal 
cancer (CRC) screening or CRC clinical management are urgently needed. Circulating 
miRNAs show great promise as novel liquid biopsy biomarkers in CRC. During the last ten 
years, our group has been optimizing methods to analyze circulating miRNAs in different 
biofluids such as plasma, serum and faeces in order to find new miRNA-based non-invasive 
biomarkers for early detection of CRC. The results obtained in our previous studies (Duran-
Sanchon S et al. Gastroenterology, 2019; Duran-Sanchon S et al. Biomolecules, 2019; 
Marcuello M et al. Cancers, 2019; Herreros-Villanueva M. Clin Transl Gastroenterol., 2019; 
Giráldez et al. Clin Gastroenterol Hepatol., 2013) will be summarized in this presentation. 
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Effects of intermittent calorie restriction on miRNA expression in mouse blood 
 
Soner DOGAN/Elif YILMAZ (Yeditepe University, https://www.yeditepe.edu.tr/en) 
 
 
 
Effects of different types of calorie restriction application on oncogenic potential of miR-709 
in colon cancer development  
 
Elif Yilmaz1, Atakan Ayden1, Umit Ozorhan1, Aysegul Kuskucu2, Omer F. Bayrak2, Bayram 
Yilmaz3, Pinar B. Demirel4, Bilge G. Tuna5, Soner Dogan1  
 
Departments of Medical Biology1, Genetics2, Physiology3, Biophysics4, School of Medicine, 
Yeditepe University, Istanbul, Turkey; 4Department of Medical Biology and Genetics, School 
of Medicine, Maltepe University, Istanbul; Department of Biophysics5, School of Medicine, 
Yeditepe University, Istanbul, Turkey  
 
Calorie restriction (CR) decreases risks of many types of age-related diseases including 
colorectal cancer (CRC), which is the third most common cancer with a high mortality rate in 
the world. On the other hand, studies have suggested that caloric intake and aberrant 
expression of microRNAs have effects on cancer progression both in rodents and human. In 
this context, microRNAs have been proposed as a potential biomarker in cancers via their 
role in modulating apoptosis, tumorigenesis, invasion, migration and angiogenesis. For 
example down-regulation of miRNA-143 has been observed in several types of cancers, 
indicating its role as a tumor suppressor miRNA. However, researchers could not determine 
precisely the molecular mechanism of miRNAs in regulation of cancer progression yet. Aim 
of the current study was to determine miRNAs which may have potential roles in colon 
cancer development in mice applied to two different types of calorie restriction. In this study, 
10 weeks old female C57BL/6 mice were fed ad libitum, chronic calorie restriction (15% CR 
compared to AL group) or intermittent calorie restriction (ICR) (3 weeks of AL application 
fallowed by 1 week 60% CR compared to AL group in a cyclic manner) to investigate the 
effects of different types of caloric restriction on colon carcinogenesis related miRNA 
expression levels. ICR group of mice divided into two groups ; 1) Intermittent calorie 
restriction-restricted (ICR-R) group of mice from which serum samples were collected at the 
end of one week of 60% restriction 2) Intermittent calorie restriction- refeeding (ICR-RF) 
group of mice from which serum samples were collected at the end of three weeks AL 
feeding. Serum samples were collected at 10, 49/50 and 81/82 weeks of mouse age. After 
RNA isolation Affymetrix GeneChip™ miRNA 4.1 array strip microarray was performed to 
evaluate changes in miRNA expression in response to the different types of CR application 
from week 10 up to week 82. The downregulation of mmu-miR-709 was measured in CCR 
and ICR-R groups of mice compared to the AL group at 49/50 weeks. Using bioinformatics 
analysis genes implicated in cytoskeleton organization, extracellular matrix attachment, and 
fatty acid metabolism are predicted as potential target genes of miR-709 in colon cancer. In 
conclusion, the results of the current study revealed that the oncogenic potential of miR-709 
is decreased with CCR and ICR-R in colon cancer (Supported by TUBITAK 114S429). 
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Plasma miRNA signatures in CRC screening  
 
Manuela GARIBOLDI (Fondazione IRCCS Istituto Nazionale dei Tumori, Milano, Italy, 
http://www.istitutotumori.mi.it) 
 
Plasma miRNA-based signatures in CRC screening programmes 
 
Susanna Zanutto1, Chiara Maura Ciniselli2, Antonino Belfiore3, Enzo Masci4, Paola 
Ostano5, Giovanna Chiorino5, Paolo Verderio2 and Manuela Gariboldi 1 
 
1Tumor Genomics Unit, Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy  
2Bioinformatics and Biostatistics Unit, Fondazione IRCCS Istituto Nazionale dei Tumori, 
Milan, Italy 3Pathology and Laboratory Medicine, Fondazione IRCCS Istituto Nazionale dei 
Tumori, Milan, Italy 4Diagnostic and Therapeutic Endoscopy Unit, Fondazione IRCCS Istituto 
Nazionale dei Tumori, Milan, Italy 
5 Laboratory of Cancer Genomics, Fondazione Edo ed Elvo Tempia Valenta, Biella, Italy 
 
Colorectal cancer (CRC) screening programs help diagnose cancer precursors and early 
cancers and help reduce CRC mortality. The screenings currently focusses on stool 
samples, but precancerous adenomas are not reliably recognized by occult blood-based or 
immunochemical tests, such as the FIT test. MicroRNAs (miRNAs) released from cancer 
cells are detectable in plasma in a remarkably stable form, making them ideal cancer 
biomarkers. Using plasma samples from FIT-positive (FIT+) subjects in an Italian CRC 
screening program,we identified three plasma circulating miRNA-based signatures that can 
detect among the individuals positive for the FIT test  those with precancerous and 
cancerous lesions. miRNAs were initially investigated by quantitative real-time PCR in 
plasma from FIT+ subjects undergoing colonoscopy at our Institution and validated in a large 
multicenter prospective series of  1121 cases collected at nine different Hospitals. Specific 
signatures for each endoscopic lesion (low-grade adenoma [LgA], high-grade adenoma 
[HgA], cancer lesion [CL]), were identified. In a multivariate analysis including sex and age at 
blood collection, the areas under the receiver operating characteristic curve (95% confidence 
interval) of the signatures were 0.644 (0.607–0.682), 0.670 (0.626–0.714) and 0.682 (0.580–
0.785) for LgA, HgA and CL, respectively. A blood test based on these signatures could be 
an additional analysis in individuals with positive fecal test to limit the number of 
colonoscopies to those likely to benefit most.  
The predictive ability of the signatures was then confirmed on an indepedent cohort of 96 
FIT+ subjects for whom RNA was extracted from the plasma immediately after the collection 
of the blood, highlighting the possible introduction of a miRNA-based plasma test into the 
clinical routine. In the same cohort, other types of cancer biomarkers (inflammation-related 
proteins and methylated DNA sequences) to be integrated with the miRNA signatures and 
create a more effective screening system were also analysed.  
Finally, a miRNA-seq analysis done on RNA isolated from the exosomes present in the 
plasma of the same subjects allowed to study the role of the miRNAs from the signatures in 
the development and progression of CRC. 
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Plasma biomarkers in adenoma-carcinoma transition in mouse model  
 
Jorge BOTE-CHACÓN (Jesús Usón Minimally Invasive Surgery Centre, Cáceres, Spain, 
https://www.ccmijesususon.com/en/) 
 
Experimental study about the expression of plasma biomarkers expressed during the 
transformation of colon adenoma to adenocarcinoma in a murine animal model. 
 
Jorge Bote1, Beatriz Moreno-Lobato1, Francisco Miguel Sánchez-Margallo1 
1 Jesús Usón Minimally Invasive Surgery Centre, Cáceres, Spain. 
 
The 5-year survival rate for the CRC that is located at the time of diagnosis is 90%, but it can 
decrease to 68% if it is regionally compromised and to 10% if they are discovered with 
metastasis. This indicates the need for developing early diagnosis systems. Currently, 
techniques such as NGS or qPCR serve as support for new research related to the early 
diagnosis of CRC. This work can be summarized by adding a Conceptual Hypothesis and an 
Operating Hypothesis.  
CONCEPTUAL HYPOTHESIS:  The combination of a panel of plasma biomarkers that occur 
before the transformation of adenomatous lesions into adenocarcinomas in colorectal cancer 
and detect the presence of miRNAs can predict early the conversion of an adenomatous 
lesion of the colon into a neoplastic lesion.  
OPERATIONAL HYPOTHESIS: By comparing the presence and concentration of certain 
MicroRNAs with other diagnostic systems such as endoscopy and histopathology, a 
correlation can be established between them in order to develop an early diagnosis through 
the use of MicroRNAs.  
For develop this study we use animals of type Rattus norvegicus, strain Pirc F344 / NTac-
Apcam1137 were used in this study, all with 2 months of age. The procedure under 
inhalation anesthesia with Sevoflurane consisted of: (1) Extraction of blood by venipuncture 
of the lateral coxigeal veins using a 25G needle collected in EDTA tubes for subsequent 
plasma extraction once centrifuged to 3G for 5 minutes at 4° C, (2) endoscopic examination 
using a 2.9mm optical rigid cystourethroscopy with a total thickness of 5 mm, and a 
fiberscope of 7.5 Charr, and (3) extraction of the different findings found during the 
colonoscopy and a biopsy of healthy tissue, using a biopsy forceps through the working 
channel of the cystourethroscope, fixed in 4% formaldehyde.  
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Thermal liquid biopsy for CRC screening  
 
Olga ABIAN (Aragon Health Science Institute, Zaragoza, Spain, 
http://www.bifi.es/es/team/olga-abian-franco/) 
 
 
THERMAL LIQUID BIOPSY IN A COLORECTAL SCREENING PROGRAM: PRELIMINARY 
RESULTS 
 
Olga Abian (oabifra@unizar.es) and Adrian Velázquez (adrianvc@unizar.es) (presenters) 
IACS-IIS Aragon//ARAID-UNIZAR (SPAIN) 
 
Background: Thermal Liquid Biopsy (TLB) refers to the analysis of serum samples using 
differential scanning calorimetry (DSC). The precise determination of the thermally-induced 
conformational transitions of biomolecules can be performed using DSC due to its high 
sensitivity. In particular, the thermodynamic parameters of protein thermal denaturation 
(unfolding) can be determined directly by this technique. Our previous studies have 
contributed to TLB development and now it is closer to its clinical application in cancer 
diagnosis and monitoring. Our main objective is to implement and evaluate the ability of TLB 
in a colorectal screening program. 
Methods: Patients serum samples from a colorectal screening program, with positive stool 
occult blood test, were obtained the day of colonoscopy. Patients were prepared with diet 
and laxative. Patients were classified in 2 groups according to colonoscopy findings: Cases 
(colonoscopy with adenomatous and neoplastic polyps) and Controls (colonoscopy without 
polyps, but with other pathologies like hemorrhoids, diverticula, fistulas, etc). Also, serum 
samples from a Healthy group were obtained after fasting 8-12 hours. All samples were 
analyzed with a high sensitivity calorimeter. All data was processed in Origin 7.0 software. 
Serum thermograms were analyzed through a multiparametric method developed by our 
research group. Statistical models allowed classifying the subjects according to their serum 
thermograms. Data from Healthy and Controls were used as reference group. 
Results: 466 patients undergoing colonoscopy at our hospital were recruited. 239 Cases 
(average age 60±5, 72% men), 227 Controls (average age 60±5, 48% men) and 161 Healthy 
(average age 46±13, 64% men). Preliminary results showed that: 1/ TLB parameters 
exhibited strong and  statistically significant differences between Cases and Controls groups 
with a sensitivity and specificity around 57% and 69% respectively, to differentiate patients 
with and without colonic findings; 2/ TLB parameters exhibited statistical differences between 
Controls and Healthy groups. A shift is observed in Control group from Healthy to Cases 
group. 
 Cases (n=239) Controls (n=227) Healthy (n=161) p.overall Parameter1  0.85 [0.63;1.24]    
1.01 [0.71;1.38]    1.37 [0.80;2.29]   <0.00001 Parameter 0.00002 [0.00001;0.00005] 
0.00003[0.00001;0.00006] 0.00006[0.00002;0.00015] <0.00001 Parameter3  2.99 [2.15;4.71]    
3.53 [2.52;5.22]    5.26 [2.95;8.55]   <0.00001  
Conclusions: TLB is a rapid, minimally-invasive, low-risk test that is capable of discriminating 
between Cases, Controls and Healthy groups. Because TLB reflects serum proteins 
composition, it is important to establish optimal preanalytical conditions. At present, TLB 
could be considered as a secondary test in patients from colorectal screening programs with 
positive stool occult blood test, thereby contributing to prioritize and decrease the number of 
prescribed unnecessary colonoscopies, but further studies are needed to explain the 
differences between healthy controls and patients with positive stool occult blood test and 
negative colonoscopy findings. The distortion effect of patient preparation before 
colonoscopy on serum TLB maybe also important for any other proteomic technique 
employed for liquid biopsy. 
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Highly sensitive microsatellite instability test 
 
Julia CANET (Bellvitge Biomedical Research Institute (IDIBELL), Barcelona, Spain, 
http://www.idibell.cat/en) 
 
Preliminary evaluation of highly sensitive assessment of microsatellite instability as a tool for 
cancer risk assessment in Lynch syndrome 
Júlia Canet*1, Fátima Marín*1, Núria Dueñas1, Maribel González‐Acosta1, Laura Costas2, 
Víctor Moreno3, Mònica Salinas1, Àngela Velasco4, Elia Grau1, Paula Peremiquel‐Trillas2, 
Jordi Ponce5, Jordi Guardiola6, Francisco Rodríguez‐Moranta6, Virginia Piñol7, Gemma 
Mateu8, M José Paüles9, August Vidal9, Xavier Matias9, Joan Brunet1,4, Gabriel Capellá1, 
Marta Pineda1 (*)These authors contributed equally to this work and share first authorship. 
(“) on behalf of the SCREENWIDE project. 
(^) on behalf of the COLSCREEN project. 
1Hereditary Cancer Program, Catalan Institute of Oncology, Insititut d’Investigació Biomèdica 
de Bellvitge (IDIBELL), ONCOBELL Program, L’Hospitalet de Llobregat, Barcelona, Spain. 
2Cancer Epidemiology Research Programme. IDIBELL. Catalan Institute of Oncology. 
Hospitalet de Llobregat, Barcelona, Spain. 
3Cancer Prevention and Control Program, Catalan Institute of Oncology (ICO), IDIBELL, 
CIBERESP, Barcelona, Spain. 
4Hereditary Cancer Program, Catalan Institute of Oncology, Institut d’Investigació Biomèdica 
de Girona (IDIBGI), Girona, Spain. 
5Department of Gynecology and Obstetrics, Hospital Universitari de Bellvitge, IDIBELL. 
Hospitalet de Llobregat, Barcelona, Spain 
6Department of Gastroenterology, Hospital Universitari de Bellvitge, IDIBELL. Hospitalet de 
Llobregat, Barcelona, Spain 
7Department of Gastroenterology, Hospital Universitari Josep Trueta, Girona, Spain. 
8Pathology Department, Hospital Universitari Josep Trueta, Girona, Spain. 
9Pathology Department, Hospital Universitari de Bellvitge, IDIBELL. Hospitalet de Llobregat, 
Barcelona, Spain 
Lynch syndrome (LS), associated with defective DNA mismatch‐repair deficiency, is the most 
frequent hereditary disorder associated with increased risk of colorectal, endometrial, among 
other cancers. Despite intensive surveillance, many LS patients will develop metachronous 
tumours at follow‐up and cancer risk differs according to gene involved and gender. 
Therefore, 
there is an unmet clinical need regarding personalized risk assessment. We have recently 
developed a highly sensitive approach for MicroSatellite Instability (MSI) detection (hs‐MSI) 
(PMID: 31494577) and we aim at evaluating its clinical utility in minimally invasive samples 
for 
the individualization of surveillance strategies in LS carriers. 
Target tissue samples and non‐invasive surrogates have been obtained from control 
individuals and LS carriers. Endometrial aspirates, cytologies and self‐vaginal swabs were 
collected from 66 LS women during gynecological surveillance. Colonic mucosa biopsies 
were obtained during endoscopies were collected from 85 LS individuals. Paired stool 
samples were also donated. Paired tumor biopsies were obtained if available. A hs‐MSI 
score representing the percentage of unstable markers is calculated. 
In a preliminary analysis we have detected MSI in uterine aspirates from an endometrial 
cancer 
and 2 endometrial complex hyperplasia of LS women, being negative in aspirates from 9 
female controls and 6 LS women with normal endometrium. Interestingly, MSI was also 
detected in the cytology and self‐vaginal swab from the endometrial cancer affected LS 
woman. Correlation between instable markers was seen in these samples and the paired 
tumor. In conclusion, our hs‐MSI approach is emerging as a promising tool for LS risk 
assessment in minimally invasive samples. Further analyses are needed to validate our 
preliminary results. 
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Association of circulating CD-14, i-FABP and Zonulin levels with CRC stages 
 
Flavia GENUA (Cancer Biology & Therapeutics Lab, Dublin, Ireland, http://www.cbtlab.ie/) 
 
Association of circulating CD14, i-FABP and Zonulin levels with stages of colorectal 
neoplasia.  
Genua Flavia, Raghunatan Vedhika, Mathews Karen, Hegoburu Adele, Gallagher William 
and Hughes David. 
 
Colorectal cancer (CRC) is the second leading cause of cancer related death (1). Further 
efforts to improve prevention and early disease detection are essential to better treatment 
outcomes. Additionally, insights into the aetiopathogenesis of the adenoma to carcinoma 
progression is needed to define biomarkers of adenomas that are more likely to progress to 
cancers. Emerging research suggests that a disturbance in the microbiome facilitated by gut 
barrier dysfunction can influence development of colorectal neoplasia from early lesions to 
tumors. Gut bacterial and barrier wall modulation and stabilisation has potential for 
preventing adenomas and hence CRC (2).   
The aim of this study is to investigate the role of gut barrier function in CRC development 
assessing three protein markers of intestinal barrier dysfunction, whose increasing levels 
have been associated with CRC. We further wished to examine whether there was a link with 
Fusobacterium nucleatum (Fn), a bacterium that has been highly implicated in gut epithelium 
damage and CRC carcinogenesis (3). 
Circulating soluble CD14, i-FABP and Zonulin were measured by sandwich ELISA in serum 
from patients with CRC (n=25), adenomas (n=30) and control subjects following colonoscopy 
(n=25).  Differences in biomarkers levels among 4 groups (CRC, high grade dysplasia, 
adenomas and controls) were analyzed using non-parametric tests (Kruskal Wallis, the 
Mann-Whitney U test) in IBM SPSS Statistics v.24 (SPSS Inc. Chicago, IL, USA), with 
adjustments for age and sex. A correlation analysis was conducted to investigate the 
association between levels of these gut-barrier biomarkers and Fn. 
Our analysis showed no statistically significant differences between the tested groups (p- 
values for CD14, Zonulin and i-FABP were respectively = 0.892, = 0.490, = 0.836). Although, 
there appears to be a general pattern indicating that soluble CD14 and Zonulin levels 
increase with disease progression, while, i-FABP levels show the reverse, suggesting a 
possible degradation of the protein during CRC carcinogenesis. Relative quantification of Fn 
in tissue and matched mucosa control was correlated to CD14, i-FABP and Zonulin levels in 
CRC patients with a positive correlation (correlation coefficient (r) =0.098, = 0.128, = 0.012). 
Our results suggest that levels of these gut barrier markers have not be directly related to 
CRC carcinogenesis, but depend on interactions with the gut microbiome. We plan to 
increase sample numbers, as the observed results may also simply reflect the low study 
numbers, then test further gut barrier markers and the associated microbiome patterns. 
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Combined serum-based miRNA/piRNA panel as diagnostic tool in CRC 
 
Ondrej SLABY (Central European Institute of Technology, Brno, Czech Republic, 
https://www.ceitec.eu/prof-ondrej-slaby-ph-d/u17124) 
 
 
 
Ondrej Slaby 
 
Combined serum-based miRNA/piRNA panel as a diagnostic approach in colorectal cancer 
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Risk signature for CRC / liquid biopsy testing 
 
Lucilia PEREIRA (Instituto Português de Oncologia de Lisboa Francisco Gentil, Lisboa, 
Portugal, http://www.ipolisboa.min-saude.pt/en/) 
 
Integrated approach to target early onset colorectal cancer towards disease monitoring and 
precision therapy 
 
Lucília Pebre Pereira and Cristina Albuquerque 
Unidade de Investigação em Patobiologia Molecular (UIPM), Instituto Português de 
Oncologia de Lisboa Francisco Gentil (IPOLFG, EPE), Lisboa, Portugal 
 
The incidence of CRC in young patients (diagnosed <50 years old) with or without a weak to 
moderate family history of CRC is increasing each year. Strikingly, 50-60% of these patients 
are diagnosed with advanced CRC stage (Stage III or IV), and poorly differentiated and 
mucinous tumours, indicative of poor prognosis, are noted in at least 10% and 20% of 
patients, respectively. These findings should promote increased awareness in otherwise 
young, low-risk patients. Notably, greater proportions of patients younger than 50 years were 
diagnosed with advanced-stage tumours than older patients. Moreover, younger CRC 
patients with distant metastases (mCRC) represent a high-risk group that is less likely to 
respond to anti-cancer treatments. Their disease is more likely to progress and they are at 
greater risk of death than other age groups, presenting with poorer overall survival and 
progression-free survival among treated patients with mCRC. Therefore, early onset CRC 
patients should be the target and an important focus of research, aimed at identifying 
biomarkers that make their cancer disease more aggressive and less responsive to 
treatment.  
We have identified a molecular signature in primary CRCs (some of which at an early age of 
onset) significantly associated with the development of synchronous distant metastases. This 
patient-focused research was complemented with functional studies on 2D and 3D CRC cell 
models representative of tumour subtypes resistant to conventional therapies and with a 
molecular alteration mimicking the synchronous distant metastases signature. Our results 
showed a mesenchymal-like morphology in the 2D cell model and in the 3D model a “loose” 
phenotype was acquired in a time-dependent manner, with the formation of small aggregates 
or “clusters” that disaggregate from the major aggregate. This pro-metastatic phenotype was 
supported by an increased expression of cancer stemness and modulation of epithelial-to-
mesenchymal markers. We are currently exploring the efficacy of novel targeted therapies to 
circumvent the gaps of the conventional treatments. 
In this context, the evaluation of the newly identified molecular signature in tumour-derived 
cell-free DNA might be a potential tool to monitor disease progression and response to 
treatment. We are presently gathering liquid biopsy samples to test this hypothesis and we 
expect that this study may provide clinically important actionable information for precision 
oncology approaches in early screening and follow-up in the course of mCRC treatment." 
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RNA seq and machine learning for biomarker discovery in CRC 
 
Marian GRENDAR (Biomedical Center Martin, Jessenius Faculty of Medicine in Martin, 
Comenius University in Bratislava, Slovakia, https://uniba.sk/en/migracia/comenius-
university-in-bratislava/) 
 
Targeted RNA Sequencing and Machine Learning Approach to Biomarker Identification in 
Colorectal Cancer  
Marian Grendar1, Dusan Loderer1, Veronika Holubekova1, Iva Kasubova1, Zuzana 
Kolkova1, Michal Kalman2, Peter Mikolajcik3, Eva Gabonova3, Ludovit Laca3, Zora 
Lasabova4  
1Biomedical Center Martin, Jessenius Faculty of Medicine in Martin, Comenius University in 
Bratislava, Slovakia  
2Department of Pathological Anatomy, Jessenius Faculty of Medicine and University 
Hospital Martin, Comenius University in Bratislava, Slovakia  
3Clinic of Surgery and Transplant Center, Jessenius Faculty of Medicine and University 
Hospital Martin, Comenius University in Bratislava, Slovakia  
4Department of Molecular Biology and Genomics, Jessenius Faculty of Medicine in Martin, 
Comenius University in Bratislava, Slovakia  
 
Identification of differentially expressed genes in colorectal cancer patients becomes a topic 
of interest emphasized by the Consensus Molecular Subtypes (CMS) classification [1,2,3]. 
Targeted next generation sequencing focusing on cancer transcriptome or genes involved 
into inflammation and immunity processes provides a viable technology for the differential 
expression analysis and identification of new biomarkers. Bioinformatic processing of 
RNAseq reads leads the differential expression data which are afterwards employed in 
prioritization of differentially expressed genes.  
Our research group has performed a few pilot tumor-normal studies of differential expression 
analysis of colorectal cancer by targeted RNA sequencing. In one of the studies, the Human 
Cancer Transcriptome QIAseq targeted RNA panel was used for differential expression 
analysis of Primary Colorectal Cancer surgical samples with verified KRAS mutation and with 
WT KRAS. In another study, the same sample set was analyzed by the Human Immunity and 
Inflammation Transcriptome QIAseq targeted RNA panel. The same panel was used for 
analysis of Metastatic Colorectal Cancer samples. Qiagen’s CLC Genomic Workbench was 
utilized for RNA sequencing bioinformatics. Differential expression data served as an input to 
a Machine Learning algorithm for identification of potential biomarker genes. The gene 
selection was performed by the nested cross-validation algorithm. The results of the pilot 
studies are promising and undergo a validation.  
Downregulated genes that were identified and validated as biomarkers will be subjected to in 
silico search for interacting miRNAs. These miRNAs will be validated in plasma (liquid 
biopsy) and solid tumor samples.  
[1] Guinney Justin, Dienstmann Rodrigo, Wang Xin, de Reynies Aurelien, Schlicker Andreas, 
Soneson Charlotte et al. “The Consensus Molecular Subtypes of Colorectal Cancer.” Nature 
medicine 21. No. 11 (2015):1350-1356.  
[2] Wang, Sen, Chuan Zhang, Zhiyuan Zhang, Wenwei Qian, Ye Sun, Bing Ji, Yue Zhang et 
al. ""Transcriptome analysis in primary colorectal cancer tissues from patients with and 
without liver metastases using next‐generation sequencing."" Cancer medicine 6, no. 8 
(2017): 1976-1987.  
[3] Del Vecchio, Filippo, Valentina Mastroiaco, Antinisca Di Marco, Chiara Compagnoni, 
Daria Capece, Francesca Zazzeroni, Carlo Capalbo, Edoardo Alesse, and Alessandra 
Tessitore. ""Next-generation sequencing: recent applications to the analysis of colorectal 
cancer."" Journal of translational medicine 15, no. 1 (2017): 246. 
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Metabolomics in CRC 
 
José PÉREZ DEL PALACIO (Fundación MEDINA, Granada, Spain, 
http://www.medinadiscovery.com/) 
 
 
Colorectal cancer is one of the main causes of cancer death worldwide, and novel 
biomarkers are urgently needed for its early diagnosis and treatment. The utilization of 
metabolomics to identify and quantify metabolites in body fluids may allow the detection of 
changes in their concentrations that could serve as diagnostic markers for colorectal cancer 
and may also represent new therapeutic targets. Metabolomics generates a 
pathophysiological ‘fingerprint’ that is unique to each individual. The purpose of our study 
was to identify a differential metabolomic signature for metastatic colorectal cancer. Serum 
samples from 60 healthy controls and 65 patients with metastatic colorectal cancer were 
studied by liquid chromatography coupled to high-resolution mass spectrometry in an 
untargeted metabolomic approach. Multivariate analysis revealed a separation between 
patients with metastatic colorectal cancer and healthy controls, who significantly differed in 
serum concentrations of one endocannabinoid, two glycerophospholipids, and two 
sphingolipids. These findings demonstrate that metabolomics using liquid-chromatography 
coupled to high-resolution mass spectrometry offers a potent diagnostic tool for metastatic 
colorectal cancer. 
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Lipid metabolism reprogramming in cancer – organo-tropic dissemination of CRC 
 
Marta GÓMEZ DE CEDRÓN (Molecular Oncology group, IMDEA, Madrid, Spain, 
https://www.food.imdea.org/molecular-oncology-group) 
 
IMDEA-FOOD (ONCOGENOM Molecular Oncology Group-Precision Nutrition Program) 
 
Our main interest to assist to the WG is to improve our knowledge on non-invasive 
biomarkers/liquid biopsy.  
Together with our research lines (see below), we recently aim to study the role of lipid 
metabolism reprogramming in cancer -promoting inflammation, fibrosis, extracellular matrix 
remodeling, and BMDC recruitment- secretome and exosomic microRNAs from primary 
tumors as main players shaping the local and distant microenvironments (pre-metastatic 
niche) to dictate the organo-tropic dissemination of CRC (lung vs liver metastatic 
dissemination).  
As there will be also a Management committee meeting, we would like to know about the 
possibility to assist in order to know actions and future collaborative meetings. 
Our main interest is to study the altered cancer metabolism with a special interest of lipid 
metabolism alterations in Colorectal Cancer. Main projects:  
(1) Lipid metabolism alterations as Biomarkers for clinical prognosis in cancer. Genetic 
susceptibility to Cancer, Obesity and Metabolic pathways. Genomic Analysis of Metabolic 
pathways and associations with anthropometric and disease related characteristics. 
From in vitro to preclinical models, we study the impact of alterations of lipid metabolism on 
cell functionality (proliferation, invasion, transformation, cell bioenergetics, angiogenesis). 
(2) Obesity and Colorectal Cancer. Crosstalk between lipid metabolism alterations in tumors 
and systemic alterations associated to obesity. 
In vitro co-culture of CRC cells (overexpressing/silencing lipid metabolism genes) and 
adipocytes, conditioned media from adipocytes, or plasma from volunteers (normo, 
overweight, and obese).  
(3) Nutritional strategies, Bioactive compounds and Natural Extracts (EFSA approved) as co-
adjuvants in CRC therapy 
From in vitro to preclinical and clinical Phase O/I trials - Healthy volunteers (safety and 
tolerability of nutritional interventions), and CRC patients-.  
(4) CRC patient-derived organoid platform: Biobank of paired-organoids from CRC patients. 
Screening and validation of bioactive compounds and natural extracts.  
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Identification of actionable targets in advanced cancer patients  
 
Sam PERAKIS (Medical University of Graz, Austria, https://www.medunigraz.at/en/) 
 
Identification of actionable targets in advanced cancer patients: A retrospective analysis and 
comparison of commercial clinical decision support platforms 
 
Background/Aims: Next-generation molecular biology methods can now screen for multiple 
cancer-related genomic, transcriptomic, and proteomic changes in a patient’s sample. 
Furthermore, recent developments of innovative targeted therapies have rendered many of 
these alterations actionable, thus making clinically available molecular assays a powerful tool 
for highlighting optimal treatment options for an individual patient. Several therapeutic 
decision support platforms have emerged on the market and need to be tested before 
implementation in routine clinical care of advanced cancer patients.  
Results: This is a retrospective, descriptive study in adult patients with solid tumors. We 
generated genomic profiles of 48 patients with breast, colorectal and lung cancer using 
shallow whole-genome sequencing (plasma-Seq) in parallel to the AVENIO ctDNA Expanded 
Panel (Roche). Somatic copy number alterations (SCNAs) and somatic variants were 
annotated for therapy matching using the following clinical decision support platforms: 
NAVIFY Mutation Profiler (Roche), CureMatch BIONOV (CureMatch), and QCI Interpret 
(Qiagen). Here, we will correlated genomic features with the ability to identify actionable 
targets, compare the genomic characteristics between tumor entities and evaluate the 
alignment of treatment recommendations. Of the total reported aberrations per patient, both 
CureMatch and NMP identified the highest median percent actionability in CRC patients, 
whereas NSCLC had the highest actionability according to QCI-I. The total number of 
matching clinical trials was highest in CRC patients across platforms. CureMatch, a pathway-
based analysis, suggested ranked combination therapies to target the entire molecular 
profile. 
Conclusion: The goal of this analysis is to provide insight into alternative treatment options 
and available clinical trials which were possibly previously overlooked due to incomplete 
molecular knowledge of the patient’s tumor. These analyses would prove extremely valuable 
for increasing oncologists’ confidence in and efficiency of employing molecular cancer 
diagnostics in a routine setting, in turn increasing clinicians’ ability to use genomics-guided 
personalized cancer therapy when deciding on evidence-based therapies in the future. 
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IGFBP-3/Tf complexes in CRC  
 
Goran MILJUŠ (Institute for the Application of Nuclear Energy-INEP, Belgrade, Serbia, 
https://www.inep.co.rs/en/home/) 
 
Complexes between insulin-like growth factor binding protein 3 and transferrin (IGFBP-3/Tf) 
in patients with colorectal carcinoma 
 
Insulin-like growth factor binding protein 3 (IGFBP-3) plays important role in tumor growth 
regulation. It is capable of forming complexes with transferrin (Tf) and binding to the Tf 
receptor (TfR). We have investigated the presence of the IGFBP-3/Tf complexes in serum 
and colon tissue in patients with colorectal carcinoma. The concentration of IGFBP-3/Tf 
complexes in the circulation was three times lower in patients than in healthy persons. They 
were increasingly carbonylated, sialylated and contained more Galβ4GlcNAc units. 
Immunoprecipitation of the complexes IGFBP-3/Tf/TfR from colon tissue revealed more TfR 
on membranes than in cytosols, also more in samples from the cancer than non-cancer 
tissue, although interindividual differences were high. TfR on membranes were less occupied 
with IGFBP-3/Tf complexes than in cytosols. Thus, the efficiency of the internalisation 
process which concentrates IGFBP-3/Tf complexes inside the cells seems to have similar 
final outcome in both cancer and non-cancer tissue. The immunofluorescent staining 
indicated a remarkable degree of co-localization of IGFBP-3 and TfR in some cells. In non-
cancer tissue the co-localisation was predominantly even on the cell surface and in the 
intracellular compartment, whereas in cancer tissue both evenly distributed and cell surface 
concentrated complexes were seen. It may be postulated that increased expression of TfR 
on membranes aims to compensate for the reduced extracellular availability of IGFBP-3/Tf 
and possibly altered affinity due to post-translational modifications. Thus, the increased 
presence of TfR may be a (patho)physiological response of a cell to ensure extracellular 
capture of IGFBP-3 and its direction towards pro-apoptotic pathways. 
Highlights: 
 The amount of IGFBP-3/Tf complexes depends on the amounts of IGFBP-3 and iron 
 In patients with colon cancer the amount of IGFBP-3/Tf is reduced three times 
 Internalization of IGFBP-3/Tf complexes occurs via TfR 
 The amount of cell surface TfR is greater in cancer than in noncancer colon tissue 
 IGFBP-3 and TfR exhibit remarkable degree of colocalization on colon cells 
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