
FUTURE DIRECTIONS FOR RESEARCH:
o Prospective phase II clinical trials are underway to validate the performance of this novel 

biomarker for early detection of CRC in representative screening cohorts.

ctDNA methylation and fragmentation combined with a 
machine-learning algorithm is highly accurate for early-stage (I-

II) CRC detection (92% sensitivity) at 94% specificity). 

Specificity values suggest clinically meaningful performance in 
real-life cohort

A large-scale validation study is ongoing 
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METHODS: 
o This was a prospective, international (Spain, Ukraine, Germany and USA 

[part of NCT04792684 study] population), observational cohort study. 
o Plasma samples were collected either prior to a scheduled screening 

colonoscopy or prior to colonic surgery for primary CRC (Table 1). 

o Fisher exact test was computed between different demographics 
characteristics and prediction outcome to evaluate potential biases

o Panel of targeted biomarkers 
was previously identified 
through tissue- and plasma-
based discovery (Fig. 1) and 
further narrowed down 
through cancer-related 
biological pathways analysis 
workflow. 

RESULTS:
Fig. 4 Sensitivity was high in both early 
(I/II) and late (III/IV) stage CRC for the
methylation-fragemntation marker panel

Fig. 5 Sensitivity is high for 
proximal, distal and rectal cancer. 
Fisher exact test showed non-
significant (p=0.84) outcome 
difference between sub-groups

Fig. 7 Specificity remains high across 
different age groups. Fisher exact test 
showed non-significant (p=0.84) outcome 
difference between sub-groups

Fig. 8 Examples of individual marker region performances based on 
methylation+fragmentation scores

Fig. 6 Specificity values remained 
high for subgroups of BEN
(116/125),
NAA (28/29), and cNEG (47/50)

Table 1 Patient demographics ((Controls: cNEG = colonoscopy negative,
BEN= benign colonoscopy fingings of diverticulosis/diverticulitis, hemmorhoids, 
hyperplastic/inflammatory polyps, NAA= non-advanced adenoma), CRC=colorectal 
cancer). 

Fig. 1 Initial biomarker discovery and verification 
process consisted of WGBS analysis of paired tisse 
samples, filtering against buffy coat, other cancer 
tissue and healthy cfDNA (cell-free DNA) and 
targeted capture based verification rounds on 
plasma cfDNA

o Individual ctDNA 
fragments belonging to 
biomarker regions 
orignating from 
discovery and 
verification process,
were scored for 
cancer-specific
methylation and 
fragmentation signals 
(Fig. 2). 

o Calculated scores per each biomarker region were used in prediction 
model building and testing for establishing panel accuracy for CRC 
detection (Fig. 3). 

BACKROUND: 
o Colorectal cancer (CRC) remains a leading cause of cancer related mortality worldwide (1-2). 
o Measuring tumor-derived cell-free DNA (ctDNA) methylation status and fragmentation properties in plasma may address these challenges through more 

acceptable testing modalities and improved diagnostic precision (3-4).
o We utilized both ctDNA methylation and fragmentation characteristics of selected cancer-related biomarker regions and applied tumor-derived signal 

deduction and a machine learning algorithm to refine a blood test for the early detection of CRC.

Fig. 2  Biomarker scoring process based on methylation and 
fragmentation properties of each ctDNA molecule

Fig. 3 Prediction model building and validation


