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Colorectal cancer screening: established strategies and new challenges 
 
Carlo Senore 
Epidemiology and screening unit – CPO. University Hospital Città della Salute e della 
Scienza – Turin, Italy 
 
In the past decade, there has been remarkable progress in CRC screening efforts, with a 
growing number of countries starting organized programs. 
Most programs have adopted immunochemical faecal occult blood test (FIT) as primary 
screening test. The test is usually offered at a 2-year interval; the positivity cut-off levels and 
the target age range are different across countries/programs. Sigmoidoscopy (FS) or TC 
have been adopted in a small number of population based programs, although colonoscopy 
is still often used in opportunistic settings 
Quantitative data about the performance of ongoing screening programs are available from 
the second EU screening report and from the EUTOIPA project (coordinated by Erasmus 
Medical Centre in Rotterdam, funded within the EU H2020 program). 
Early results indicate a reduction in CRC mortality associated with the implementation of 
organized CRC screening. Also, screening may mitigate trends toward an increase of socio-
economic disparities in CRC burden, provided that effective policies are established to 
ensure sustainability over time and equity of access. 
Limited endoscopy capacity often represents a barrier to screening diffusion, while, on the 
other hand, reducing the false positive rate within FIT programs would improve the harm-
benefit ratio of screening interventions. Optimizing the utilization of endoscopy within FIT 
based programs represents therefore a desirable goal and a research priority. 
Available evidence is already suggesting that, in addition to modifications of the FIT positivity 
cut-off level, using the quantitative information from faecal Hb determinations among 
subjects with negative test may allow to identify sub-groups of population at different risk of 
neoplasia at subsequent round.  
Other biomarkers, used alone or in combination with FIT may provide useful additional 
information to modulate the offer (interval and/or type of test) of screening to the individual’s 
level of risk. 
Studies are ongoing aimed to assess the predictive role of microbiome and miRNA profiles 
among average risk subjects invited for screening. The possibility to analyze microbiome 
profile form the leftover material of FIT tubes can facilitate the assessment of the potential 
role of this marker for early detection of CRC. 
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Metabolomic profiles throughout the continuum of colorectal carcinogenesis:  
Metabolomics efforts within CORSA 
 
Stefanie Brezina 
 
BACKGROUND. Colorectal cancer is a major public health concern worldwide, remaining the 
third leading cause of cancer-associated mortality. Colorectal cancer has a natural history of 
evolution from normal mucosa to premalignant adenoma to cancer, thereby providing a 
window of opportunity for effective intervention and prevention. Thus, the discovery of 
biomarkers that aid in the characterization of risk of progression along the colorectal 
carcinogenesis are urgently needed to tailor prevention strategies. 
Metabolomics is a powerful approach to unravel metabolic changes associated with disease 
and is gaining momentum in the field of cancer epidemiology. Compared to other “�omics” 
techniques, metabolomics is more closely related to a measured clinical phenotype and is 
increasingly applied as the method of choice to screen for potential metabolites associated 
with disease status. Therefore, metabolomics represents a comprehensive approach to 
discover novel biomarker for colorectal cancer risk prediction and to improve knowledge 
regarding colorectal cancer etiology. 
 
METHODS. Within the “Colorectal Cancer Study of Austria” (CORSA) we have performed 
targeted as well as untargeted metabolomics analysis on plasma samples from 88 newly 
diagnosed colorectal cancer patients, 400 adenoma patients (high-risk and low-risk 
adenomas) and 400 colonoscopy-negative controls, using ultrahigh performance liquid 
chromatography�quadrupole time�of�flight mass spectrometry (UHPLC�QTOF�MS) and 
the Biocrates AbsoluteIDQ p180 kit. The analysis was embedded in the European 
TRANSCAN-funded MetaboCCC consortium including five colorectal cancer cohorts from 
Austria, Germany, the Netherlands and Norway. In total, about 2 500 samples including 
colorectal cancer cases, adenoma samples and controls have been measured within the 
MetaboCCC project. We applied a comprehensive data analysis strategy to investigate 
signals of changes in the metabolomic plasma profiles that vary along the continuum of 
colorectal carcinogenesis.  
CORSA was recently funded to conduct a comprehensive microbiome-based screening 
study in cooperation with an innovative HealthTech start-up company, which will allow us to 
establish a comprehensive stool sample collection recruited within a colorectal cancer 
screening project. Analyzing these stool samples by applying both, 16S rRNA sequencing  
as well as targeted metabolomics, we aim to (i) investigate the microbial composition, the 
relative abundance of genes and metabolites, as well as metabolite groups in colorectal 
cancer cases, advanced adenomas and colonoscopy-negative controls, and (ii) to determine 
colorectal cancer-specific and adenoma-specific microbiome-based metabolite signatures 
associated with colorectal cancer development.  
 
RESULTS & OUTLOOK. Within the untargeted metabolomics data analysis we identified 691 
mass-spectral features statistically significantly associated with colorectal cancer in a 
discovery setting, of which 97 could be replicated in an independent test cohort. These 
features corresponded to 28 metabolites, of which 15 could be identified including taurine, 
hypoxanthine, or 1-methylnicotinamide. Further, we found a large set of metabolites, mainly 
lysophosphatidylcholines, significantly associated with advanced adenomas. These 
metabolites are clustered in pathways such as the caffeine metabolism, the linoleic acid 
metabolism, valine, leucine, and isoleucine biosynthesis, glycerophospholipid metabolism, 
tryptophan metabolism, and the taurine and hypotaurine metabolism (MetaboAnalyst version 
4.0 analysis). Furthermore, we investigated the association of plasma metabolites with 
colorectal cancer stages to identify biomarkers related to colorectal cancer progression. Our 
results suggest that metabolic pathways involving citrulline, histidine, and other molecules 
that have previously been implicated in colorectal cancer development may also be linked to 
disease progression. 
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Results from the proposed microbiome-based analyses hold the potential to provide a better 
understanding of colorectal cancer development through associated changes in the gut 
environment. Examining the fecal metabolome – the whole diversity of metabolites present in 
the gut, which are largely microbial-derived – using metabolomic approaches is an innovative 
strategy for understanding the interactions of the gut metabolome composition along the 
adenoma-carcinoma sequence. Nevertheless, the interplay between gut microbiota and 
metabolites and their roles in colorectal cancer development have not been effectively 
addressed by now. 
 
CONCLUSION. Our findings suggest that plasma metabolites associated with the risk of 
colorectal carcinogenesis can be used for personalized risk stratification (e.g. through 
tailored screening strategies by endoscopy) in the future.  
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FIT and urine metabolomics from Catalan EarlyCRC cohort 
 
Maria Llambrich1, Raquel Cumeras2,1,3,4, Josep Gumà5, Jesús Brezmes1,3. 
 
1 Universitat Rovira i Virgili (URV), Department of Electronic Engineering, Metabolomics 
Interdisciplinary group MIL@b, Tarragona, Spain. 
2 Institut d’Investigació Sanitària Pere Virgili (IISPV), Metabolomics Platform, CERCA, Reus, 
Spain. 
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Colorectal cancer (CRC) is the second most common neoplasia in the world. Early detection 
is key to improve the prognosis, on this purpose healthcare systems around the world have 
implemented screening programs for population over 50 years using fecal samples. Due to 
the nature of the samples, not too many people adhere to this screening programs.  
 
The EarlyCRC study aims to find metabolome biomarkers in human urine and/or in Fecal 
Immunochemical Test (FIT) samples from patients with a positive result from the FIT 
screening with metabolomic tools to improve adherence to screening programs, specificity on 
results and early detection of colorectal cancer in particular.  
 
The metabolome is formed by small mass compounds present on the human body, 
particularly on biofluids such as blood, urine, feces or breath. Metabolites are detectable by 
diverse techniques and they give information about the regular processes and diseases 
occurring on an organism.  
 
GCxGC-TOF is a very promising technique for metabolomic studies due to the unparalleled 
peak capacity (i.e. resolution) of the two-dimensional nature of the retention column. The 
only problem with the technique is the closed software the vendor bundles with the 
instrument, impairing the application of novel algorithms to detect metabolomic biomarkers 
for several different illnesses such as CRC. Therefore, one of the bottlenecks on our 
approach is the computer software automation process to be able to have a high throughput.  
 
Our group is working in the following fronts in parallel: sample collection (urine and fecal 
samples), sample storage, transport and conditioning for measuring, informatic software to 
automate the metabolomic profile on measured samples and, finally, Artificial Intelligence 
and Machine Learning algorithms to discover biomarkers and relate metabolic profiling to the 
different CRC stages of patients. We are also testing the suitability of the FIT tubes for 
metabolome analysis. A combination of urine and use of the remaining of FIT could be key in 
increasing the non-invasiveness and detection of colorectal cancer in the future. 
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Polygenic Risk Prediction for Colorectal Cancer 
 
Minta Thomas, Lori C. Sakoda, Elisabeth A. Rosenthal, Jeffrey K. Lee, Mark A. Jenkins, 
Andrea Burnett-Hartman, Heather Hampel, Hermann Brenner, Michael Hoffmeister, Jenny 
Chang-Claude, Marc J. Gunter, Polly A. Newcomb, Tabitha A. Harrison, Victor Moreno, 
Richard B. Hayes, Gail P. Jarvik, Stephen B. Gruber, Robert E. Schoen,  Andrew T. Chan,  
Douglas A. Corley, Ulrike Peters, Li Hsu 
 
 
Colorectal cancer (CRC) is a leading cause of cancer death, yet it is among the most 
preventable cancers when detected early via screening. Polygenic risk scores (PRS), which 
sum genetic risk variants, have gained attention as powerful instruments for individualizing 
CRC risk prediction. Here, we compare multiple statistical and machine learning approaches 
to develop PRS and discuss their benefits in CRC risk prediction. 
 
We build CRC risk prediction models of European ancestry that incorporate genome-wide 
genotype data on over 40 million variants from large-scale research studies (55,105 CRC 
cases and 65,079 controls) . We build and compare genome-wide PRS using several 
approaches, including use of known CRC risk variants, GWAS data thresholding followed by 
machine learning approaches, empirical Bayes, LDpred, improved LDpred2, and Lassosum. 
We then tested the PRS in an independent cohort of 101,987 individuals with 1,699 CRC 
cases. 
 
Using the independent cohort, we showed that the discriminatory accuracy, calculated by the 
age- and sex-adjusted area under the receiver operating characteristics curve (AUC), was 
highest for the LDpred-derived PRS (AUC=0.654) with 1.2 M genetic variants, while the PRS 
including the 140 known GWAS variants had the AUC (AUC=0.629). LDpred identified over 
30% of individuals without a family history of CRC as having about 2.2-fold higher risk of 
CRC, which is comparable to that for having an affected first-degree relative. Analyses using 
Lassosum and LDpred2 are ongoing. The proposed CRC PRS offer a new approach to 
improve CRC risk prediction, with the potential for translation to support optimized clinical 
decision-making. 
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Immune responses to bacterial antigens and association with colorectal cancer risk in a large 
European cohort study 
 
David Hughes (UCD, Dublin), Julia Butt (DKFZ, Heidelberg), Mazda Jenab (IARC, Lyon, on 
behalf of EPIC colleagues), Michael Pawlita (DKFZ), Tim Waterboer (DKFZ) 
 
Invasive strains of the gut bacteria Streptococcus gallolyticus subspecies gallolyticus (SGG), 
Helicobacter pylori (H. pylori), pks+Escherichia coli (pks+E. coli), enterotoxigenic toxin 
producing Bacteroides fragilis (ETBF), and Fusobacterium nucleatum (Fn) have been 
implicated in damage to the gut barrier intestinal lining and the presence of colorectal cancer 
(CRC). Bacterial translocation and epithelial infection across an impaired gut barrier may be 
one mechanism for colorectal carcinogenesis. However, whether the association with cancer 
development exists when individuals are infected with these bacteria long before the onset of 
cancer was largely unknown.  

We observed that increased immune responses to proteins from 4 (SGG1, H. plyori2, and 
pks+E. coli when combined with ETBF3) of these 5 microbes (i.e. except Fn4, ) were linked to 
a statistically significant higher risk of developing CRC, even after considering other major 
risk factors for CRC occurrence1-4. 

This study was performed within the large, long-term European Prospective Investigation of 
Cancer and Nutrition Cohort (EPIC), where >25 years ago around 500,000 healthy subjects 
across 10 European countries provided blood samples and detailed dietary/ lifestyle 
information, often many years prior to any cancer diagnosis. We applied a novel, minimally 
invasive blood serology assay to simultaneously measure antibody responses to 43 antigens 
from these 5 microbes in approximately 500 people who eventually developed CRC and 
compared them to levels in an equal number in the study who remained cancer-free.  

These findings provide the most comprehensive existing epidemiological evidence that for 
Europeans infection with these 4 microbes may lead to a higher risk of CRC development in 
some individuals. The project findings will inform use of these novel biomarkers of bacterial 
pathogenicity with potential for CRC prevention and screening (e.g., tailoring screening to at-
risk population sub-groups as evidenced for control measures against virulent forms of H. 
pylori in gastric disease and cancer). 
 
1. Butt J, Jenab M, et al, and Waterboer T, Hughes DJ. Prospective evaluation of antibody 
response to Streptococcus gallolyticus and risk of colorectal cancer. Int J Cancer 2018 July 
15; 143(2): 245-252. DOI: 10.1002/ijc.31283. PMID: 29377173. 

2. Butt J, Jenab M, et al, and Waterboer T, Hughes DJ. Antibody responses to Helicobacter 
pylori and risk of developing colorectal cancer in a European cohort. Cancer Epidemiol 
Biomark Prev 2020, July 1; 29(7): 1475-1481. DOI: 10.1158/1055-9965.EPI-19-1545. PMID: 
32332031. 

3. Butt J, Jenab M, et al, and Waterboer T, Hughes DJ. Pre-diagnostic Antibody Responses 
to Escherichia coli and Bacteroides fragilis Toxin Proteins and Colorectal Cancer Risk in a 
European Cohort. Gut Microbes 2020 (in review). 

4. Butt J, Jenab M, et al, and Waterboer T, Hughes DJ. Antibody responses to 
Fusobacterium nucleatum proteins in pre-diagnostic blood samples are not associated with 
risk of developing colorectal cancer. Cancer Epidemiol Biomark Prev 2019, Sep;28(9):1552-
1555. doi: 10.1158/1055-9965.EPI-19-0313. PMID: 31481495. 
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New microbiome-based biomarkers to improve colorectal cancer screening 
 
Elin Org 
 
Our research group at the Institute of Genomics, University of Tartu, Estonia is studying the 
role of microbiome in the development of colorectal cancer (CRC). In Estonia, around ~900 
new cases are diagnosed each year, making it the third leading cancer in the country. In 
collaboration with the Tartu University Clinic, we collect biopsies, oral and stool samples from 
individuals participating in the national colon cancer screening program. The overall aim of 
the project is to find new microbiome-based biomarkers that would allow earlier and more 
accurate detection of colon cancer and contribute to the development of new diagnostic 
methods for CRC. Recent studies have clearly shown CRC-specific gut microbiome profile 
that can have great potential for early detection of cancer. Current CRC screening programs 
are based on the determination of blood in the stool. Studies have shown, that fecal 
immunochemical test (FIT) tubes have the potential to also be used as a sample collection 
method for microbiome studies. However, there is an extensive amount of FIT tubes 
available in the market that potentially contain different buffers and have been shown to 
perform differently detecting colorectal cancer. One of the sub-aims of our project is to test 
whether it is possible to determine the gut microbiome profile from FIT tubes used in CRC 
screening program in Estonia. To our knowledge, the colorectal cancer screening test 
(QuikRead® iFOB sampling kit) used in Estonia is not used to analyze the gut microbiome. 
Detection of CRC-associated microbiome signatures from FIT tubes can be an important 
complement to CRC screening programs, allowing to increase the sensitivity of non-invasive 
CRC detection.  
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Microbiome profiling from fecal immunochemical tests: first results from the Catalan CRIPEV 
project. 
 
Olfat Khannous-Lleiffe, Ester Saus, Jesse R. Willis, CRIPEV Consortium, and Toni 
Gabaldón*. 
 
Colorectal cancer (CRC) is the third most common cancer and the second leading cause of 
cancer deaths worldwide. Nowadays, one of the most used strategies to screen for potential 
cases of CRC is the Fecal Immunochemical Test (FIT) that helps selecting which persons 
should undergo colonoscopy. The Criprev project aims to improve the efficiency of the pre-
colonoscopy screening by developing a risk model for CRC that accounts for the FIT results 
in combination with other data obtained from the same sample (germinal variants, 
environmental factors and microbiome profiles). In our group we developed a protocol to 
profile the microbiome in FIT samples, and integrated these data with clinical metadata to 
investigate whether individuals with a positive result from FIT and/or colonoscopy tests have 
differences in their microbiome profiles. We show compelling evidence for the existence of 
significant differences in the microbiome profile of the samples, depending on their clinical 
diagnosis. For instance, we found bacterial species that are differentially abundant between 
persons with positive or negative CRC diagnosis such as Akkermansia muciniphila and 
Alistipes inops. Using computational inference of encoded metabolic pathways, we found 
differences in tyrosine and valine degradation, ABC transporter pathways, among other 
pathways, including some previously related to CRC pathogenesis. Finally, we explored 
machine learning approaches to predict diagnosis, and evaluated their performance on our 
data Our study underscores the validity of FIT samples to explore the relationships of the 
microbiome and CRC, and uncovers taxa and metabolic features potentially associated with 
the disease and with diagnostic potential. We stress the importance of metadata integration, 
feature selection, and the availability of balanced data sets for the development of classifiers 
based on machine learning. 
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miRNA, gut microbiome and lifestyle related factors as indicators of different risk profiles for 
colorectal cancer and pre-invasive lesions 
 
Naccarati A1,2, Tarallo S1,2, Francavilla1,2, Pardini B1,2, Cordero F3, Ferrero G3, Armaroli P4, 
Senore C4 
 

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. Epidemiology and screening unit – CPO. University Hospital Città della Salute e della 

Scienza – Turin, (Italy) 

 
Background 
Colorectal cancer (CRC) ranks as one of the most frequent cancers worldwide. Screening 
programs for CRC based on the fecal immunochemical test are effective in average-risk 
population for the tumor detection but has low sensitivity for the recognition of advanced 
adenomas. Non-coding RNAs are a class of stable and easy detectable molecules, among 
which miRNAs are the most famous, which could be potential biomarkers to use 
concomitantly with the existing screening tests to improve early cancer detection. 
Microbiome composition is also providing interesting results for an accurate discrimination of 
cancer and precancer lesions. 
Hereby we introduce MiToS, MiRNA, Microbiome in Torino colorectal cancer Screening. This 
study aims at identifying miRNA signatures as biomarkers for Advanced Neoplasia 
(advanced adenoma/CRC, AN) risk among FIT+ subjects; investigate the association of 
microbiome profiles with the AN risk; explore modulation from lifestyle factors (diet and other 
lifestyle factors) of AN risk associated with biomarkers profiles and to identify risk patterns 
(miRNA profiles, lifestyle factors, haemoglobin (HB) levels at baseline) among FIT- subjects. 
 
Methods 
We have characterized miRNA profiles/microbiome composition by NGS in stool samples of 
AN patients, and healthy subjects recruited at colonoscopy. The identified miRNAs will be 
evaluated in a nested case-control study (MiToS Study) within a cohort of 350 subjects 
undergoing screening with FIT+. miRNA expression profiles and microbiome composition will 
be compared between AN subjects and a matched sample of subjects with FIT+ test and 
negative colonoscopy. Information on lifestyle risk factors and blood/stool samples will be 
collected at the time of enrolment. 
A sample of subjects with FIT- result will be followed up to compare risk patterns at baseline 
and at the second round among 3 ‘risk groups’ of subjects. 
 
Preliminary Results 
We successfully obtained and validated in an independent cohort a signature of 19 miRNAs 
that could differentiate between CRC. Several miRNAs were already found dysregulated in 
CRC in different biospecimens, while few others were never described before.  
 
Conclusion 
The present study will help to provide biomarkers to complement the available screening 
tests, and to reduce unnecessary invasive and costly procedures. Tailored screening 
programmes according to different CRC risk criteria may maximize the impact of screening. 
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Accumulation of genetic risk variants as cause of familial colorectal cancer 
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Spain 
 
Genetically uncharacterized familial colorectal cancer accounts for a large proportion of 
familial cancer cases. The attempts made in the past years to identify the genetic causes of 
non-Lynch (or mismatch repair proficient) hereditary non-polyposis colorectal cancer (CRC) 
and serrated polyposis--based on the identification of high- or moderate-penetrant causal 
genes-- have been largely unsuccessful. We aimed to assess the contribution of previously 
validated low risk CRC alleles to familial/early-onset mismatch repair-proficient CRC and 
serrated polyposis. We estimated the association of CRC with a 92-variant-based weighted 
polygenic risk score (wPRS) using 421 familial CRC (fCRC) patients, 1,077 sporadic CRC 
patients, and 1,642 controls. The association with serrated polyposis was evaluated in 80 
patients. The mean wPRS was significantly higher in fCRC than in controls or sporadic CRC 
patients. Weighted PRS was associated with fCRC compared to unaffected controls 
(OR=1.12; 95% CI: 1.09-1.14) or sporadic cases (OR= 1.03; 95% CI: 1.01-1.05). fCRC 
patients in the highest (20th) wPRS quantile were at a four-fold greater CRC risk than those 
in the middle quantile. Compared to low-wPRS fCRC, a higher number of high-wPRS fCRC 
patients had developed multiple primary CRCs, had CRC family history, and were diagnosed 
with CRC at age ≥50. Our results suggest that a relevant proportion of MMR-proficient fCRC 
cases might be explained by the accumulation of low-risk CRC alleles. 
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