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◼ Validate a set of serological protein 

biomarkers, plexed together, which improve 

existing CRC screening programs:

Reduce endoscopy burden by orthogonal 

testing and/or reflexing FIT positives;

Provide convenient interval testing and/or 

alternative for FIT non-compliant population.
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◼ Literature review

◼ Internal mass spec. data

◼ Known pathways

Angiogenesis

Metastasis

Cell Signaling

Cell cycle regulators

 Immune evasion

Cytoskeletal proteins
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Hvidovre Hospital (Denmark) Endoscopy III

◼ 100 FIT+ Clean Colonoscopy

◼ 100 FIT+ CRC

 50 FIT+ CRC Stage I

 50 FIT+ CRC Stage II

◼ 199 FIT+ Adenomas

 99 FIT+ Low-Risk Adenomas

 100 FIT+ High-Risk Adenomas

.

High-risk adenomas (HRA): (re-colonoscopy within one year)

one lesion >= 20 mm or >=5 lesions or resected by piece-meal technique 

Medium-risk adenomas (MRA): (re-colonoscopy within 3 years)

one lesion >= 10 mm but <20 mm or 3-4 lesions or presence of villous elements or 

high-grade neoplasia

Low-risk adenomas (LRA): (re-screening in two years)

lesion < 10 mm or <3 lesions or tubular histology or low-grade neoplasia
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◼ Alpha-FetoProtein (AFP) 

◼ Carcinoembryonic antigen (CEA) 

◼ Cathepsin D 

◼ Cluster Differentiation 44 (CD44) 

◼ Ferritin 

◼ Growth/differentiation factor 15 (GDF15) 

◼ Hepsin 

◼ Interleukin 8 (IL-8) 

◼ Keratin 1 and Keratin 10 complex (KRT1/10) 

◼ L1 Cell Adhesion Molecule (L1CAM) 

◼ Melanoma Inhibitory Activity (MIA) 

◼ Midkine 

◼ Neuron Specific Enolase (NSE) 

◼ Osteonectin (ON), Secreted Protein Acidic and Rich in Cysteine (SPARC) 

◼ TNF-related WEAK inducer of apoptosis (TWEAK) 

◼ YKL40 



Training Set = 1317 Validation Set = 664

CRC = 160   Adenoma = 626 CRC = 79   Adenoma = 315

Fig. 1

A B
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Table. 1
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Fig. 2 ROC curves

Table. 2

10 biomarkers + FIT concentration & Age

Ferritin, Keratin 1/10, L1CAM, IL-8, CEA, MIA, Hepsin, YKL-40, NSE, & GDF-15

(Support Vector Machines, supervised machine learning)
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SVM 10 marker + FIT & age, validation

Pre-cancer sensitivity 89%

Cancer Stage I sensitivity 90%

Cancer Stage II sensitivity 100%

Cancer (Stages I-IV)

sensitivity 94%

(polyp > 10 mm)

Table. 3
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◼ Our research demonstrates the feasibility of blood-based 

protein biomarkers to:

 Complement FIT in orthogonal/reflex modality to catch most true 

positives and reduce false positives.

 Complement screening programs by offering a convenient blood 

test for patients who refuse or are non-compliant with guidelines.

◼ Additional studies in FIT non-compliant &/or negative 

population, and interval studies between colonoscopy, are 

needed to confirm these results.
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