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Background:
Colorectal cancer (CRC) screening programs su�er from poor uptake and biomarkers have limited

diagnostic accuracy. The measurement of the methylation status of tumor-derived cell-free DNA in plasma

may address these challenges. We used a targeted methylation panel, tumor-derived signal deduction

and machine learning algorithm to re�ne a blood test for the detection of early-stage CRC.

Methods:
This was a prospective, international multicenter observational cohort study. Plasma samples were

collected either prior to a scheduled colonoscopy as part of standard colorectal cancer screening or prior

to colonic surgery for primary CRC. Di�erentially methylated regions (DMRs) were initially selected by

analyzing CRC and control tissue samples with whole genome bisul�te sequencing. A targeted sequencing

assay was designed to capture these DMRs in plasma ctDNA. Individual sequencing reads were evaluated
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for cancer-speci�c methylation signal and scores calculated for each DMR in a sample. A panel of

methylation scores originating from 203 DMRs was used in a prediction model building and validated in a

test cohort of patients.

Results:
Calculated scores were used to train a machine learning model on 68 ctDNA samples from 18 early stage

(I-II) and 16 late-stage (III-IV) CRC patients and 34 age, BMI, gender and country of origin matched

neoplasia-free controls (median age 63 [50-74], mean BMI 27 [19.5-37], female 50%, Spanish and

Ukrainian population, distal cancers 50%). This model was then applied to an independent set of subjects

from Spanish, Ukraine and Germany, including 36 stage I-IV cancer patients (median age 61.5 [55-82], BMI

28 [16-39], female 47%, 42% of the tumors were distal) and 159 age and sex matched controls. 87 of the

control patients had a negative colonoscopy �nding (cNEG), 19 had hyperplastic polyps (HP), 37 had small

non-advanced adenomas (NAA) and 16 were diagnosed with other benign gastrointestinal diseases (GID).

The model correctly classi�ed 92% (33/36) of CRC patients. Sensitivity per cancer stage ranged from 83%

(5/6) for stage I, 92% (11/12) for stage II, 92% (12/13) for stage III to 100% (5/5) for stage IV. Speci�city of

the model was 97% (154/159), with 100% (37/37) NAA, 94% (15/16) GID, 95% (18/19) HP and 97% cNEG

patients correctly identi�ed. Lesion location, gender, BMI, age and country of origin were not signi�cantly

correlated to prediction outcome.

Conclusions:
Methylation sequencing data analyzed using read-wise scoring approach combined with a machine-

learning algorithm is highly diagnostic for early-stage (I-II) CRCs (89% sensitivity at 97% speci�city). This

method could serve as the basis for a highly accurate and minimally invasive blood-based CRC screening

test with signi�cant implications for the clinical utility of ctDNA in early-stage cancer detection.
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