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1. Limited availability of good quality tumor tissue specimens in advanced NSCLC patients

 approx. 20% patients with advanced NSCLC cannot undergo tumor biopsy for clinical reasons

 approx. 15-25% tumor biopsies don’t provide sufficient quality/quantity of genetic material for molecular analysis

 growing number of molecular and pathological markers to be evaluated in a scarce tumor tissue specimen

CurrentCurrent problemsproblems of tumor of tumor tissuetissue--basedbased molecularmolecular diagnostics diagnostics 
in in the era of precision the era of precision medicinemedicine in in NSCLC NSCLC 

2. Heterogeneity of tumor tissue and cytology specimens affects the efficacy of molecular analysis

 Cellular heterogeneity (normal cells + tumor cells in tissue specimen)

 Molecular heterogeneity (distinct tumor cell clones presenting different profiles of molecular alterations) 

DNA extraction

Mixture of DNA from 
tumor cells with 

mutated gene
e.g. EGFR mutation

3. Tumor biopsy is an invasive clinical procedure and may cause serious complications

 Most common complication: pneumothorax (half of the cases require interventional treatment)

 Other possible complications: pulmonary air embolism; plueral hemorrhages; hemoptysis; tumour cell dissemination in the biopsy site

4. The need of tumor re-biopsy upon progression on 1st line targeted treatment to check for resistance mechanism

5. High economic costs of tumor biopsy procedure and tissue specimen evaluation by pathologists before molecular analysis and
medical care for patient in a hospital before/after tumor biopsy
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applications

Urine ++  genomic DNA

 microRNA

 somatic mutations  Screening and early detection

 Predictive biomarker: targeted therapy

 Treatment monitoring

Exhaled Breathe
Condensate

+  genomic DNA

 microRNA

 somatic mutations

 gene hypermethylation

 microsatellite instability

 microRNA expression

 Early detection

Induced sputum ++  genomic DNA

 microRNA

 tumor cells

 somatic mutations

 gene hypermethylation

 microsatellite instability

 Early detection

Development of nonDevelopment of non--invasiveinvasive diagnosticdiagnostic approachesapproaches in NSCLC: in NSCLC: whatwhat specimenspecimen to to useuse??

 tumor cells  microsatellite instability

 microRNA expression

Peripheral Blood +++  genomic DNA

 mitochondrial DNA

 nucleosomal DNA

 mRNA transcripts

 microRNA

 Circulating Tumor Cells

 cell-free DNA levels

 cell-free DNA integrity

 somatic mutations

 gene hypermethylation

 microsatellite instability

 microRNA expression

 gene mRNA expression

 Early detection

 Differential diagnosis of SPN

 Predictive biomarker: targeted therapy, 

radio-/chemotherapy

 Targeted therapy monitoring

 Prognostic biomarker
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 somatic mutations

 microsatellite instability

 microRNA expression

 Early detection

Pleural effusion fluid +  genomic DNA

 microRNA

 tumor cells

 somatic mutations

 gene hypermethylation

 microRNA expression

 Predictive biomarker: targeted therapy

 Prognostic biomarker

Cerebrospinal fluid +  genomic DNA

 microRNA

 somatic mutations  Predictive biomarker: 2nd line EGFR TKI 

(osimertinib) in NSCLC pts with mets to 

CNS



1. Liquid biopsy – definition and characteristics

2. Detection of EGFR T790M mutation in liquid biopsy from NSCLC patients progressing on 1st

line EGFR TKIs

3. Liquid biopsy in the monitoring of EGFR-TKI therapy effectiveness

4. Tumor Mutation Burden (TMB) in liquid biopsy as the predictive biomarker for 

immunotherapy in NSCLC 

5. Future perspectives on the liquid biopsy –based applications in NSCLC diagnostics



Circulating RNA
(microRNA)

• microRNA expression
• gene mRNA expression
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• cell-free DNA level
• cell-free DNA integrity
• somatic mutations
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• gene fusions
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The The conceptconcept of of ’’liquidliquid biopsybiopsy’’
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How tumor How tumor cellscells shedshed theirtheir geneticgenetic materialmaterial intointo the the bloodblood circulationcirculation? ? 

Schwarzenbach H et al. Nat Rev Cancer. 2011 Jun;11(6):426-37.

CTC

>> circulating blood captures and pools DNA/RNA released by all: primary and metastatic tumor sites within the 

body of cancer patient that overcomes to some extend the problem of tumor heterogeneity

>> DNA/RNA are relased by tumor cells constantly throughout the disease development  



MolecularMolecular and and biophysicalbiophysical formsforms of of circulatingcirculating DNADNA

Nucleosomal DNA

Apoptotic bodies

Microparticles

Liquid biopsy

 Complex of DNA-protein-lipid

(no cell membrane)

Exosomes

Virtosomes

DNA-protein complex
 Human serum albumins (HSA)

 Serum amyloid P component (SAP)

 Cellular receptors



• Circulating tumor DNA (ctDNA) account for 0.01% – 10% of total cell-free DNA in liquid biopsy

• Dedicated molecular biology techniques presenting very high sensitivity need to be used for detection

How much How much circulatingcirculating DNA of tumor DNA of tumor originorigin in in liquidliquid biopsybiopsy??

thermofisher.com/cfdna-assays



Liquid Liquid biopsybiopsy and tumor and tumor tissuetissue presentpresent veryvery similarsimilar patternspatterns
of of molecularmolecular alterationsalterations in in NSCLCNSCLC

Frequency (%) of somatic mutations in tumor 
tissue

Frequency (%) of somatic mutations in liquid
biopsy

n=76 (I-III)

Kezhong Chen i wsp. The Journal of Thoracic and Cardiovascular Surgery 2017 



Molecular profiling of liquid biopsy may supplement the data from tumor tissue Molecular profiling of liquid biopsy may supplement the data from tumor tissue analysisanalysis in in 
metastaticmetastatic NSCLCNSCLC

Aggarwal C et al. JAMA Oncol. 2018 Oct 11.



1. Liquid biopsy – the characteristics

2. Detection of EGFR T790M mutation in liquid biopsy from NSCLC patients progressing on 1st

line EGFR TKIs

3. Liquid biopsy in the monitoring of EGFR-TKI therapy effectiveness

4. Tumor Mutation Burden (TMB) in liquid biopsy as the predictive biomarker for 

immunotherapy in NSCLC 

5. Future perspectives on the liquid biopsy –based applications in NSCLC diagnostics



The The efficacyefficacy of EGFR of EGFR TKIsTKIs in 1in 1st st lineline treatmenttreatment of of advancedadvanced NSCLCNSCLC

Dr. Filippo de Marinis at the Canadian Lung Cancer Conference (CLCCO) 2016 Annual Meeting

Most NSCLC patients treated with 1- and 2-generation EGFR TKIs acquire drug resistance between 9 and 13 month



Major Major molecularmolecular mechanismsmechanisms of of acquiredacquired resistanceresistance to 1to 1-- and 2and 2--generation EGFR generation EGFR TKIsTKIs

N=155 Helena A. Yu et al. Clin Cancer Res 2013 (19) (8) 2240-2247.



EGFR EGFR signalingsignaling pathwaypathway and and mechanismmechanism of of actionaction of of osimertinibosimertinib

Erlotinib
Gefitinib
Afatinib

Santarpia M et al. Lung Cancer: Targets and Therapy 2017;8:109-125



The EGFR T790M The EGFR T790M mutationmutation in in liquidliquid biopsybiopsy showsshows predictivepredictive valuevalue for for osimertinibosimertinib treatmenttreatment
outcomeoutcome

AURA Clinical Trial 

Progression Free Survival (PFS)

T790M(+) in tumor tissue T790M(+) in liquid biopsy

ORR 62%
ORR 63%

Oxnard GR i wsp. J Clin Oncol. 2016, 34:3375-3382



The The sensitivitysensitivity//specificityspecificity of EGFR T790M of EGFR T790M detectiondetection in in ctDNActDNA differdiffer betweenbetween techniquestechniques

Komatsubara KM et al. Oncology (Williston Park). 31(8):618–627

approx. 60-70% sensitivity of T790M detection in liquid biopsy for most common diagnostic tests



NSCLC patient progressing
on 1st line EGFR TKIs

Liquid biopsy
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• False-negative result >> attributed to 

detection method

• True-negative results

CurrentCurrent diagnosticdiagnostic algorithmalgorithm to to qualifyqualify NSCLC NSCLC patientspatients for 2for 2ndnd lineline EGFR TKIEGFR TKI

Tumor re-biopsy
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N=84

CellCell--freefree DNA DNA fractionationfractionation maymay enhanceenhance the the sensitivitysensitivity of of mutationmutation detectiondetection
-- exosomalexosomal DNA/RNA DNA/RNA 

Krug AK et al. Ann Oncol. 2018 Mar 1;29(3):700-706.

NGS



CellCell--freefree DNA DNA fractionationfractionation maymay enhanceenhance the the sensitivitysensitivity of of mutationmutation detectiondetection
-- shortshort DNA fragment DNA fragment analysisanalysis

Cancer patient Healthy person

Dalong Pang et al. Front Mol Biosci. 2015; 2: 1.

cfDNA fragment size distribution Electron microscopy image of cfDNA fragments

Florent Mouliere, et al. bioRxiv 2017, 134437 

Molecular profiling of cfDNA using NGS
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The The conceptconcept to monitor EGFR TKI to monitor EGFR TKI treatmenttreatment efficacyefficacy usingusing serial serial bloodblood samplingsampling

Clinical progression by RECIST

Molecular progression
by presence of T790M 

in liquid biopsy

Day 0

Before treatment

(baseline)

Day 360Day 270

J. Remon-Masip. ELCC 2018, Geneva

EGFR T790M(-)

EGFR T790M(+)

Gap of 90 days



The The realreal--timetime monitoring of monitoring of EGFR TKI EGFR TKI treatmenttreatment efficacyefficacy usingusing serial serial bloodblood samplingsampling
-- proof proof of of conceptconcept

Piotrowska Z i wsp. Cancer Discov. 2015;5(7):713-22SLD = sum of the longest diameter (RECIST)



The The realreal--timetime monitoring of monitoring of EGFR TKI EGFR TKI treatmenttreatment efficacyefficacy usingusing serial serial bloodblood samplingsampling
-- proof proof of of conceptconcept

In our study, the rise of T790M mutation level in plasma preceded clinical progression in time by 4-28 weeks

Szpechcinski A. et al. P2.13-14 Abstract. WCLC2018, Toronto, Canada 



ClinicalClinical evaluationevaluation of EGFR TKI of EGFR TKI treatmenttreatment outcomeoutcome in in patientspatients with T790M in with T790M in liquidliquid biopsybiopsy
-- prospectiveprospective studystudy (APPLE (APPLE Trial 2017Trial 2017--2027)2027)

J. Remon et al. Clinical Lung Cancer, 2017; 18(5):583-8 



Ceritinib

N=24

Alectinib

N=28

Brigatinib

N=7

Crizotinib

N=55

DetectionDetection of of ALK ALK mmutationsutations aassociatedssociated with with aacquiredcquired rresistanceesistance to ALK TKI to ALK TKI ttherapyherapy

Gainor et al., Cancer Discov 6: 1118-33, 2016

J. Chorostowska-Wynimko, 2018
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ALK amplification         

ALK WT         

ALK mutations:



DetectionDetection of of ALK ALK mmutationsutations aassociatedssociated with with aacquiredcquired rresistanceesistance to ALK TKI to ALK TKI ttherapyherapy

Yoshida R et al. BMC Cancer. 2018;18(1):1136.  



1. Liquid biopsy – the characteristics

2. Detection of EGFR T790M mutation in liquid biopsy from NSCLC patients progressing on 1st

line EGFR TKIs

3. Liquid biopsy in the real-time monitoring of EGFR-TKI therapy effectiveness

4. Tumor Mutation Burden (TMB) in liquid biopsy as the promising predictive biomarker for 

immunotherapy in NSCLC 

5. Future perspectives on the liquid biopsy –based applications in NSCLC diagnostics



Tumor Mutation Burden (TMB) = the mean number of somatic mutations per each 1 mln base pairs in genome

(number of mutations/Mb genome)

Whole exsome sequencing (WES) by next generation sequencing (NGS)

Targeted sequencing of hot-spots in genome (usually 70-300 genes covered) by NGS

Human exome = ca. 180,000 exons of 30 mln (30 Mb) base pairs of total lenght

Tumor Tumor MutationMutation BurdenBurden (TMB(TMB) as ) as potentialpotential predicitvepredicitve biomarkerbiomarker for for immunotherapyimmunotherapy

T. A. Chan et al. Annals of Oncology 30: 44–56, 2019



Low TMB <10 Mutations/MbHigh TMB >10 Mutations/Mb

Tumor Tumor MutationMutation BurdenBurden (TMB(TMB) as ) as potentialpotential predicitvepredicitve biomarkerbiomarker for for immunotherapyimmunotherapy

High TMB >10 Mutations/Mb

M.D. Hellmann, et al. N Engl J Med 2018;378:2093-104.



Development of Tumor Development of Tumor MutationMutation BurdenBurden in in bloodblood ((bTMBbTMB))

Correlation between tumor TMB and blood TMB (N = 259 patient samples) 
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Development of Tumor Development of Tumor MutationMutation BurdenBurden in in bloodblood ((bTMBbTMB))
-- RetrospectiveRetrospective clinicalclinical validationvalidation (OAK (OAK studystudy))

High bTMB > 16 Low bTMB < 16

Correlation of PD-L1 expression and bTMB counts

(13%)

David R. Gandara et al. Nat Med. 2018 Sep;24(9):1441-1448. 
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BiogenesisBiogenesis of of circulatingcirculating microRNAmicroRNA

Florczuk M, Szpechcinski A. Targeted Oncology 2017; Target Oncol. 2017;12(2):179-200



 Screening for lung cancer in high-risk population using chest CT scanning combined with analysis of circulating microRNA

expression

 939 participants: 870 participants with high-risk of lung cancer (age, smoking)

CirculatingCirculating microRNAmicroRNA as the as the potentialpotential biomarkerbiomarker for NSCLC screeningfor NSCLC screening

 939 participants: 870 participants with high-risk of lung cancer (age, smoking)

69 patients with lung cancer

 Diagnostic performance of microRNA/CT approach:

- only CT scan: 79% sensitivity, 81% specificity, 19.4% false-positive results

- only circulating microRNA: 87% sensitivity, 81% specificity

- Combined circ-microRNA + CT scans: 88% sensitivity, 80% specificity, 3,7% false-positive results in CT



 N= 135 former and current smokers

 SPN detected in CT scan

 69 patients had malignant SPNs

CirculatingCirculating microRNAmicroRNA as the as the potentialpotential biomarkerbiomarker for NSCLC screeningfor NSCLC screening

circulating microRNA expression CT scancirc microRNA + CT scan



ALK ALK rearrangementrearrangement detectiondetection in in CirculatingCirculating Tumor Tumor CellsCells usingusing FISH FISH techniquetechnique isis feasiblefeasible

ALK rearrangement detection by FISH technique

Faugeroux V et al. Front Oncol. 2014;4:281

ALK+ patients:  30-100% CTCs with rearranged ALK

ALK- patients: 0-10% CTCs with rearranged ALK (false postives?)

Pailler E et al. J Clin Oncol. 2013;31(18):2273-81.

99.99% concordance between CTCs and tumor biopsy for ALK rearrangement detection

Tan CL et al. Oncotarget. 2016.    

90% concordance between CTCs and tumor biopsy for ALK rearrangement detection

Kim YH et al. Oncol Lett. 2018; 15(6): 8959–8964.
CTC positive for ALK rearrangement were observed in 16/22 patients (72.7%) with ALK+ tumors



Monitoring of ALK TKI Monitoring of ALK TKI treatmenttreatment efficacyefficacy usingusing CirculatingCirculating Tumor Tumor CellsCells

Tan CL i wsp. Oncotarget. 2016. 



SummarySummary

1. Tumor tissue specimens are the pillars of pathological and molecular diagnosis of NSCLC and currently they

cannot be permamently replaced by any surrogate material. 

2. Liquid biopsy and other surrogate specimens as additional sources of tumor genetic material may greatly

supplement the current algorithm of molecular diagnosis in NSCLC. 

3. Currently, the only well-established diagnostic application of liquid biopsy in NSCLC is the molecular

evaluation of EGFR gene mutation status as the predictive biomarker for targeted therapy. 

4. The greatest limitations of liquid biopsy: - ultrasensitive techniques are required, some of them are still not 

validated for in vitro diagnostics (IVD); - high risk of false-negative results (level of mutated variant belowvalidated for in vitro diagnostics (IVD); - high risk of false-negative results (level of mutated variant below

detection limit, some tumors do not shed much DNA into blood).

5. It is expected that other molecular alterations, e.g. ALK fusions, ALK mutations, BRAF mutations will be 

evaluated in liquid biopsy in the close future.

6. Comprehensive molecular analysis of liquid biopsy using Next Generation Sequencing is feasible and reliable, 

however, it is still technically challenging.  The evaluation of Tumor Mutation Burden in blood shows promise

to become a predictive biomarker for immunotherapy. 

7. Diagnostic and clinical value of circulating microRNA, Circulating Tumor Cells and plasma proteomic profiling

in NSCLC has not been confirmed yet. Some promising data need further validation in the independent 

studies. 


