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q Non-invasive screening milestones

Cancer → „Anytime Anywhere“

1869
Ashworth T
Circulating
tumor cells in 
blood

1977
Leon SA, et al. 
Higher cfDNA 
concentration in 
cancer patients

1959
Zipursky A, et al.
Fetal cells in 
maternal blood

1969
Walknowska J, et al.
Karyotypic analysis 
of fetal lymphocytes 
in maternal blood

1948
Mandel P and Métais P
Cell-free nucleic acids
in plasma

1994 
Sorenson GD, et al.
Mutated K-ras in
plasma cfDNA of 
cancer patient

1997
Lo YM, et al.
Presence of fetal
DNA in maternal 
plasma

2016
cobas EGFR Mutation 
Test v2
The first liquid
biopsy test approved

2011
Non-invasive fetal trisomy 
(NIFTY) test
The first NIPT test 
approved

Pregnancy → Spatially and Temporally limited
• Uterus
• 9 month from conception
• reproductive age (age 12-45)



q Non-invasive prenatal test development

§ Development started at 2013

§ Clinical use since 2015

§ Low-coverage whole-genome sequencing

§ Fetal Aneuploidies and Sub-chromosomal aberrations

§ Validated for: Fetal CNVs ≥ 600 kbp
Maternal CNVs ≥ 200 kbp



§ Trophoblast apoptosis → cffDNA (≤ 150 bp)
§ Concentration → 7.8% – 13% after ~10th week of gestation
§ Influencing factors: BMI, obesity, placental mass
§ Standard in developed countries

q Parallele between Fetus and Tumor development

Fetal DNA

Maternal DNA

§ Hematopoietic cells apoptosis → cfDNA (166 bp)
§ Tumor cells necrosis → ctDNA (< 145 bp) 
§ ctDNA concentration 1% – 10% of total cfDNA
§ Influencing factors: Physiological and Pathological aspects
§ Single cancer tests are available



q NIPT to cancer screening workflow adaptation

Healthy (1 Dup / 2 Del) 3 CNV



MonReC dataset
§ Renal cancer (43) 

§ Healthy control (22)

q sWGS data from plasma cfDNA

Cambrigde dataset
§ Various cancer types (200)

§ Healthy control (65) 



q Increment of mutation spectrum and cfDNA
characteristics

Samples: 
43 Renal cancer
22 Healthy

Samples: 
33 Renal cancer
65 healthy

Renal cancer (aver. cfDNA = 174 bp)

Healthy (aver. cfDNA = 183 bp)
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Samples: 
o 43 Renal cancer
o 22 Healthy

Samples: 
34 Glioblastoma
65 healthy



q ... and the study was born



q Performance of explainable AI in cancer prediction

§ 671 parameters (genomic variability + sequencing metrics)

§ 60 Prostate cancer patients vs. 369 controls

§ 160 parameters (genomic variability + sequencing metrics)

§ 108 Colorectal cancer (CRC) patients vs. 474 controls

Training: 
o 74 CRC
o 333 Controls

Testing: 
o 34 CRC
o 141 Controls

Training: 
o 49 Prostate
o 330 Controls

Testing: 
o 11 Prostate
o 39 Controls



Methodological aspects

Gender

Pathology

Pregnancy

Injury

Age

Infection

Physiological and pathological aspects

Interference with cfDNA
profile

§ Median age at cancer diagnosis → 60-70
§ 95% of adults 60+ have at least one Chronic condition



Single cancer screening
Several tests available ←

Single purpose ←

Cheaper per test ← 

Multi-cancer screening
→ So far challenging

→ More beneficial health-related information

→ Overall time and cost savings

q Conclusions



PreveLYNCH [ITMS: 313011V578]
Long-term strategic research and development focused on the
occurrence of Lynch syndrome in the Slovak population and
possibilities of prevention of tumors associated with this syndrome

GenoScan LBquant [ITMS: NFP313010Q927]
Introduction of an innovative test for screening and monitoring of
cancer patients

INCAM [APVV-21-0296]
Identification of novel biomarkers linked to the relapse of
metastatic colorectal cancer after metastasectomy

SEPMIN [ITMS: 313021BUZ3]
Early identification of pathogens in sepsis using third generation
real- time nanopore sequencing
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