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High-risk patient screening guidelines for lung cancer



Screening and early detection of lung cancer

• Sputum cytology

• Chest X-ray

• Chest CT

• Low-dose CT

• PET/CT



Biomarker for early detection 
may developed for:

• Identification of at-risk individuals, who may be screened with 
LDCT after a positive marker test.

• After the first LDCT screen shows a solid lesion, a biomarker 
may be serve as a diagnostic test for malignancy.

• After the first LDCT screen shows a ground glass lesion, 
determine whether the lesion has a high or low chance of 
becoming malignant.
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Molecular markers for lung cancer screening

• Sputum

• Blood

• Urine

• Exhaled breath

Specimen Markers

• Circulating tumor DNA

• Cell-free DNA amount

• DNA mutation

• DNA methylation

• miRNA

• Autoantibodies

• Proteomic profiles

• Volatile organic compounds



Blood-based tumor diagnostics
(“Liquid Biopsy”)

• Circulating tumor cells (CTC)

• Circulating cell-free nucleic acids

– circulating tumor DNA (ctDNA)

– circulating tumor RNA (ctRNA)

– microRNA (miRNA)

• Nucleosome

• Exosome



Circulating Tumor Cells (CTC)

• Tumor cells shed into the blood stream

– disseminated cancer cells

– cancer stem cells

– bystander cells

• 1 per 106~107 leukocytes

• Average 100 per 1 mL blood

– Conventional methods may undercount 
the number of CTCs





CTC - Limitations

• Only a proportion of cases have detectable CTCs

• Epithelial–mesenchymal transition (EMT)

• Positive rates differ among different tumors

Allard et al. Clin Cancer Res. 2004



Circulating cell-free DNAs

• Various sources
– Normal cells

– Tumor necrosis
– Tumor apoptosis
– Circulating tumor cells

• Variable amount

– <30 ng ~ > 1000 ng/5mL

• Variable fraction

– ctDNA: <0.01% ~ >90%



Collection of cell-free DNA

• Short half life (15 min ~ several hours) due to plasma DNases

• Blood can be sampled in ETDA tubes but the plasma has to isolated and 
stored at -80oC within one hour of collection

• Preservative tubes 
– 4~7 days at room temperature
– Cell-free DNA BCT (Streck), PreAnalytix (PAXgene), Roche, 

NORGEN, etc.

• Plasma vs. serum

– DNA concentrations: serum > plasma

– Serum contains large amount of leukocyte-derived DNAs

– EDTA has some inhibitory effect on DNase



Size distribution of ctDNA

Heitzer et al. Clin Chem. 2015



High fragmentation of ctDNA

Mouliere et al. PLOS One 2011; Jiang et al. PNAS 2015



Location of target mutation

166 bp



Bettegowda et al. Science Translational Med. 2014

Detection rates of ctDNA



Nie et al. Tumor Biol. 2015

Quantitative estimates of plasma/serum of cell-free DNA



DNA methylation

Fackler et al. Cancer Res. 2014



Nie et al. Tumor Biol. 2015



Mutation frequencies in different cancers

Martinez et al. Sci Reports. 2013



EGFR hotspot mutations in lung cancer

Re et al. Expert Rev Mol Diagn. 2014



Distribution of TP53 mutations



Heitzer et al. Clin Chem. 2015



Digital PCR



BEAMing method
(Beads, Emulsification, Amplification and Magnetics)



Deep sequencing by NGS



Digital sequencing
(Molecular barcoding)



Error reduction and increased sensitivity
by digital sequencing

Lanman et al. PLOS One 2015



Gene mutations detected in ctDNA of NSCLC patients



Mutation detection rate according to stages
(Scorpion-ARMS method)

Goto et al. J Thorac Oncol 2012
Guo et al. OncoTargets and Therapy 2015



• 58 Early-stage NSCLC (Ia, Ib, and IIa)

• 45 (77.6%) contained mutations in more than one genes

• Comparison with tumor: sensitivity 53.8% / specificity 47.3%

Mutation detection in early-stage NSCLC
(Next-generation sequencing)

Luo et al. Sci Reports. 2014



Conventional sequencing

Mutant-Enriched PCR

After Chemotherapy

Initial

Positive Negative

Positive 9 11

Negative 3 17

MEMO-PCR
(EGFR T790M mutation in 40 lung cancer)



MEMO-PCR & NGS using plasma
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Exosomes, ctRNA, miRNA
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Detecting RNA fusion in tumor-educated platelets

Nilsson et al. Oncotarget. 2016



Summary

• Blood-based tumor diagnostics are evolving rapidly and 
recent studies show promising results.

• Blood has become an attractive specimen for early detection 
of lung cancers.

• Technical optimization, further validation, standardization and 
practical application may be increase the utility of blood-
based methods.


