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Serum based multiplex protein assay for early detection of colorectal cancer 
and precancerous lesions in a FIT positive population. 

Fig. 2 SVM ROC curves. 

Fig. 3 SVM 5 biomarkers plus age & FIT sensitivity by stage. 
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Fig. 1 Hvidovre Hospital ENDO III Cohort.
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Table 1 Univariate Analysis of 16 biomarkers, outcome MRA, HRA, & CRC 

Table 2 SVM 5 biomarkers plus age & FIT, Outcome MRA, HRA & CRC 

Introduction: Colorectal cancer (CRC) is the second leading cancer worldwide in terms of incidence, 5-year prevalence and mortality for both women and men 

ages 45 years old and up. The current screening method for many countries with organized screening programs is the fecal immunochemical test (FIT) for fecal 

occult blood; however, this test can result in false positive rates as high as 65%. A FIT reflex test could reduce unnecessary colonoscopies while reducing wait 

times for those patients that need confirmatory colonoscopies the most.

Methods: Danish FIT positive colonoscopy confirmed serum samples (n = 1,981) were divided into training and validation sets (Fig. 1) maintaining 

approximately equivalent percentages of 40% clean colonoscopy, 16% low risk adenomas (LRA), 19% medium risk adenomas (MRA), 13% high risk adenomas 

(HRA), 5% stage I CRC, 2% stage II CRC, 4% stage III CRC, and 0.5% stage IV CRC. Proteins were quantified by a custom 16-plex immunoassay utilizing the 

Luminex xMAP® platform. Univariate analysis and support vector machines (SVM) supervised machine learning (ML) algorithms were utilized.

Results: Univariate analysis was performed on each of the 16 biomarkers tests (Table 1). Five biomarkers were selected for ML modeling. An SVM algorithm 

was trained with 5 biomarkers plus age and FIT concentration using 1,317 samples for the outcome MRA, HRA, and CRC versus LRA and clean colonoscopy. 

Then this algorithm was tested on a blind 664 sample validation set (Fig. 2 & Table 2). The performance of the SVM model was consistent between the training 

set and validation set (Fig. 2 & Table 2).

Conclusions: This study demonstrates feasibility of a novel blood-based multiplex protein immunoassay for use as a reflex to FIT positive results in population 

wide screening. It detected nearly all adenomas and carcinomas while reducing FIT false positives and thus unnecessary colonoscopies by more than 20%. A 

FIT reflex test could alleviate endoscopy burden experienced in countries with organized cancer screening programs, while providing better patient outcomes 

by detecting polyps and early-stage CRC with high sensitivity.


