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MOLECULAR DIAGNOSTICS at AIT
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AGENDA

1) Pitfalls in Biomarker Discovery

2) Minimally invasive Biomarker Discovery

1) Antibodies as Biomarkers

2) Circulating RNAs as Biomarkers



BIOMARKER DEVELOPMENT

Discovery Verification Validation Clinical 
Utility

Critical Steps:
• Discovery
• Tech transfer: NGS -> qPCR, MS -> ELISA
• Matrix transfer: tissue -> minimally invasive matrices
• Replication in Independent Validation Cohorts

Only ~10% of biomarkers advance from discovery to validation, with ~90% failing due to 
technical or design flaws.

Typical n: 101 - 102 102 – 103 103 – 104 103 – 104

Typical p: 103 - 106 101 - 102 100 - 101 100 - 101

BEST (Biomarkers, EndpointS, and other Tools) 
Resource, FDA-NIH Biomarker Working Group



PITFALL #1: INADEQUATE SAMPLE SIZE

-> Leads to false positives / false negatives -> failure in independent validation

• Pilot data often missing / scarce

• True effect sizes often overestimated

• Disease heterogeneity often underestimated

• Budget constraints

• Samples availability

• Particularly relevant when feature space is 

large (e.g. DNA methylation)

• Use open data as pilot data (with caution)

• Two-stage design (pilot -> discovery cohort)

• Large consortia often necessary

• Use suitable, platform-specific sample size 

calculation tools:
• OCplus
• RnaSeqSampleSize
• RNASeqPower
• OLINK Insight sample size calculator



PITFALL #2: INADEQUATE DEFINITION OF USE 
CASE / TARGET POPULATION

Bethesda 
Class Diagnostic Category ROM [%] Management

I
Nondiagnostic or 
Unsatisfactory 1-4

Repeat FNA with 
ultrasound guidance

II Benign 0-3 Clinical follow-up
III AUS/FLUS 5-15 Repeat FNA
IV Follicular Neoplasm 15-30 Surgical lobectomy

V
Suspicious for 
Malignancy 60-75

Near-total thyroidectomy or 
surgical lobectomy

VI Malignant 97-99 Near-total thyroidectomy

Cibas et.al. 2009

Many studies fail to clearly define their target population, leading to 

misinterpretation, poor reproducibility, and limited clinical utility.



PITFALL #2: INADEQUATE DEFINITION OF USE 
CASE / TARGET POPULATION

Considerations for designing a discovery cohort

• Be specific: E.g., patients with stage XX disease, which are eligible for treatment YY 

according to guidelines ZZ instead of "patients with cancer“

• Prevalence of positive cases in target population?

• Are the results actionable?

• Which sample matrices are available in a routine clinical setting?

• Define clinical context: consider comorbidities,  prior treatments, disease progression.

• Define suitable control group

• Consider demographic factors: Age, sex, ethnicity, and genetic background are often 

overlooked.



PITFALL #3: MATRIX TRANSFER BIAS

• Low Abundance in Circulation: Tissue 

biomarkers are diluted in blood (1:10⁶–1:10⁹ 

ratio). 

• Lack of Specificity Circulating biomarkers may 

originate from multiple tissues, not just the 

target disease. 

• Biological Barriers Tissue barriers (e.g., blood-

brain barrier, extracellular matrix) prevent 

biomarker release. 

• Avoid matrix transfer
• Select highly specific signals 

(e.g. tumor mutation)
• Use highly sensitive detection 

methods (e.g. ddPCR, PEA)

Problem: Tissue biomarkers don’t translate well into circulation



PITFALL #3: TECHNOLOGY TRANSFER

Failure rate in Translation from Discovery technology to Biomarker assay

• Preanalytical factors

• Antibody availability (Proteomics)

• qPCR assay design (e.g. in GC-rich regions like CpG islands, short RNA fragments)

• Selection of suitable control / standardisation assays



SUMMARY: RECOMMENDATIONS FOR 
BIOMARKER DISCOVERY

• Allow for adequate sample size - Be realistic in your expectations

• Choose your discovery matrix and omics layer wisely

• Dimensionality

• Need for matrix transfer

• Affordability

• Biological plausibility

• Select redundant features from discovery

• Involve industry early

• Consider regulatory aspects early (e.g. risk classification)



MINIMALLY INVASIVE BIOMARKER DISCOVERY
For risk stratification in cardiovascular disease



• Coronary artery disease (CAD) is a complex chronic inflammatory 
disease caused by lipid build up in arteries = atherosclerosis

• Gold standard diagnostic test = Coronary Angiography (CA)

• 40% of patients undergoing CA due to indicative symptoms show 
normal-appearing coronary arteries (no stenosis) 

CORONARY ARTERY DISEASE

Need for non-invasive, radiation-exposure free diagnostic test 



STENOSIS COHORT
• Pseudoprospective (sampling 

before angiography)

• 09/2020 – 09/2021
• Rich data

• Personal
• Clinical
• Pharmacological
• Phenotypical



OMICS LAYERS IN STENOSIS COHORT



(AUTO)ANTIBODIES IN CARDIOVASCULAR DISEASE

Autoantibodies: Immune system proteins that mistakenly target the body’s own tissues.

Biomarker potential: Autoantibodies can serve as early, non-invasive indicators of cardiovascular 

disease (CVD).

Why they matter:

• Detectable years before clinical symptoms.

• Reflect underlying pathological processes (e.g.,cancer, inflammation, tissue damage).

• Stable in circulation, making them ideal for blood-based tests.

Examples in CVD:

• Anti-Phospholipid (aPL): Atherosclerosis – early detection

• Cardiac troponin I (cTnI): Myocardial Infarction (MI) risk stratification



(AUTO)ANTIBODIES: PHIPSEQ

Mohan, D., et al. Nat Protoc 13, 1958–1978 (2018).

Phage Immuno Precipitation Sequencing

• Minimally invasive: serum, plasma, saliva, …

• Small sample input: only a few ul needed

• Cost-effective for large cohorts

• Good translatability

• Limitation: only linear epitopes



PHIPSEQ LIBRARY DESIGN

Mohan, D., et al. Nat Protoc 13, 1958–1978 (2018).

Library of 15k chemically 
synthesised 180mer 

oligonucleotides

Phage library preparation

Biopanning (96 plasma 
samples)

NGS

Count tables



FEATURE SELECTION
By p value in Row-wise wilcoxon test (alternative="greater")



PREDICTION MODEL

• Method:glmnet
• Nested crossvalidation:

• train loop: 3rep 10xCV
• test loop: 3rep 10xCV

• Selection metric: Accuracy
• Feature preselection: 

wilcoxon test (p<0.01)



OMICS LAYERS IN STENOSIS COHORT



DIAGNOSTIC POTENTIAL OF EV-BOUND MIRNA

EV / cfRNA provide a link between solid tissue and circulation



DIAGNOSTIC POTENTIAL OF EV-BOUND / CF RNA



CFRNA VS EV-BOUND MIRNA



DIAGNOSTIC POTENTIAL OF EV-BOUND MIRNA

Iqra Yousaf

plasma

saliva

sclerosis vs. healthy stenosis vs. sclerosisstenosis vs. healthy

padj < 0.01, |log2 FC| > 1

Michaela Hendling



SUMMARY

• Both methods (PhIPseq & EV/cfRNA) offer hypothesis-free biomarker discovery

• Small amounts of serum / plasma required (50 - 500 ul)

• Both methods have potential to identify stenosis in a relevant clinical setting.

• Multi-omics analysis ongoing

• Methods are ready to be applied in other disease settings (e.g. endocinology)
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