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Driver oncogenes in lung adenocarcinoma

►Addictive driver oncogenes

Targets : Biomarkers

Tsao et al. J Thorac Oncol. 2016;11(5):613-38. 



Genetic basis for lung cancer treatment

Dancey et al. Cell. 2012;148(3):409-20.

Aisner DL et al. Clin Cancer Res. 2018 Mar 1;24(5):1038-1047.

Driver mutations : 
EGFR, ALK, ROS-1, 

BRAF, MET, ERBB2, RET



Tumor biopsy vs. Liquid biopsy

Tumor biopsy Liquid biopsy

Gold standard for genotyping
Diagnostic, prognostic, predictive
Histologic diagnosis important
FFPE archived tissue
Assess tumor content

Less invasive, more successible
Serial testing over time/treatment
Avoidance of additional biopsies
Minimal processing; turn around time
May better capture tumor heterogeneity
Potentially quantifiable

Susceptible to preanalytic factors
Serial biopsies not practical 
May not represent tumor heterogeneity
Invasive procedure; complications

Susceptible to preanalytic factors (plasma half-life < 2h)
Low concentration of ctDNA in background of genomic DNA



Liquid biopsy – 3 main areas

Crowley et al. Nat Rev Clin Oncol 2013;10:472-484.



Clinical applications of Liquid biopsy

Transl Lung Cancer Res 2016;5(5):466-482 



Dynamic monitoring of CTC and ctDNA

Rolfo et al. Biochimica etBiophysica Acta 1846. 2014;539–546.



Early stage lung cancer → Resection?

National Lung Screening Trial Research Team, et al. N Engl J Med. 2011;365(5):395-409.
Wilson R, et al. Transl Lung Cancer Res. 2017 Feb;6(1):86-91.

Vachani A, et al. Lung. 2015;193(6):1023-7.
Li XJ et al. Sci Transl Med. 2013;5(207):207ra142. 

Silvestri GA et al. Chest. 2018 Mar 1. pii: S0012-3692(18)30307-6. 



Advanced stage lung cancer

►Personalized medicine offers
• The right treatment

• To the right patient

• For the right disease

• At the right time

• With the right dose

►Ex.) EGFR mutated tumor

Sensitizing 
mutation

T790M 
detection 

Other resistance 
mechanism

Gefitinib
Erlotinib
Afatinib

Osimertinib
Olmutinib



Molecular testing in advanced NSCLC

NCCN guidelines version 3. 2018.

If repeat biopsy is not feasible, 
plasma biopsy should be considered. 



ctDNA as a surrogate for determination of EGFR status

►IFUM study; 1st line gefitinib in Caucasian EGFR+ advanced NSCLC patients

► Scorpion ARMS-based EGFR mutation detection kit 
• (Therascreen EGFR RGQ PCR kit; Qiagen, Crawley, UK)

Douillard JY et al. J Thorac Oncol. 2014;9(9):1345-53.

Douillard JY et al. Br J Cancer 2014;110:55–62.



Concordance of EGFR mutation status between matched 
tissue/cytologic and plasma samples

►Noninterventional diagnostic study, 56 centers (Europe, Japan)

►Newly diagnosed locally advanced/ metastatic NSCLC patients

►1162 matched tissue/cytologic and blood samples 

Reck M et al. J Thorac Oncol. 2016;11(10):1682-9.



ctDNAfor the detection of EGFR mutation in NSCLC

Qiu M, et al. Cancer Epidemiol Biomarkers Prev. 2015;24(1):206-12.

►Meta-analysis

►3,110 subjects (27 studies)

►Gold standard; tissue EGFR



Disease monitoring; CTCs

Maheswaran S et al. N Engl J Med. 2008;359(4):366-77. 

Radiologic tumor burden (cm)

Numbers of CTCs/ml



Serial EGFR mutation analysis 

►FASTACT-2 study
• Untreated advanced 

NSCLC

• Gemcitabine+Platinum#
6

• Sequential 

erlotinib vs. placebo

Mok T et al. Clin Cancer Res. 2015;21(14):3196-203

(Cobas 4800)



Plasma EGFR mutation as a predictive marker

Mok T et al. Clin Cancer Res. 2015;21(14):3196-203



Serial EGFR mutation analysis 

►Sensitivity : 75.0% (72/96)

►Specificity : 96.5% (137/142)

►Positive predictive value : 93.5% (72/77)

►Negative predictive value : 85.1% (137/161)

►Overall concordance : 87.8% (209/238)

Mok T et al. Clin Cancer Res. 2015;21(14):3196-203



Efficacy outcomes by C3 cfDNA mutation status

Mok T et al. Clin Cancer Res. 2015;21(14):3196-203



Noninvasive detection of EGFR T790M

Kuang Y et al. Clin Cancer Res. 2009;15(8):2630-6. 

►

WAVE-HS system/ Surveyor SARMS



Dynamic monitoring of EGFR mutant ctDNA

► 117 patients

►Before and after 
EGFR-TKI progression

►Every 2 months 

Zheng D et al. Sci Rep. 2016;6:20913.



Response according to tumor/plasma T790M

►Retrospective

►216 patients

►BEAMing

►Limitation of 
plasma T790M
• Low sensitivity

(false negative)

Oxnard GR et al. J Clin Oncol. 2016 Oct 1;34(28):3375-82. 

Plasma T790M - Plasma T790M +



Response to osimertinib in ctDNA T790M+ patients

►ctDNA

►Inivata InVision™ 
(eTAm-Seq™) assay

Remon J et al. Annals of Oncology 2017; 28: 784–790. 



Clinical outcomes of third generation EGFR TKIs

Liang Z et al. Cancer Lett. 2017;403:186-194.



Concordance of EGFR T790M mutation

Liang Z et al. Cancer Lett. 2017;403:186-194.



FDA approval of cobas® EGFR MUTATION TEST V2

►Date of approval : September 28, 2016



Feasibility and Activity of Osimertinib on Positive PLasma T790M 
in EGFR-mutant NSCLC Patients

Remon J et al. Clin Lung Cancer. 2017;18(5):583-588.



ALK gene rearrangement : Target agents



Detection of ALK rearrangement; CTCs 

Ilie M et al. Ann Oncol. 2012;23(11):2907-13. 



ROS1 rearrangement; CTCs 

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



Deep sequencing of circulating free DNA 

Couraud S et al. Clin Cancer Res. 2014;20(17):4613-24.

►107 plasma samples

►Matched tumor DNA; 68 cases

►Multiplex PCR-based assays  vs.

NGS IonTorrent Personal Genome 
Machine Platform



Validation of a digital sequencing panel

►Guardant360 cfDNA assay

►Illumina Hiseq 2500

►165 paired samples

►5 centers

Lanman RB et al. PLoS One. 2015 Oct 16;10(10):e0140712. 



Post surgery ctDNA for relapse of lung cancer

►168 lung cancer patients

►Copy number of Kras and EGFR : competitive allele- specific TaqMan 
PCR (CAST- PCR)

►Five patients who recurred in 4 months had significantly higher 
circulating cell-free DNA (P < 0.001)

Hu W et al. Cancer Med. 2017 May;6(5):962-974.



Exosomes as a drug delivery system

Srivastava A et al. Sci Rep. 2016;6:38541. 

Munagala R et al. Cancer Lett. 2017;393:94-102. 



Clinical experiences in KUMC

►Bronchoalveolar lavage fluid (BALF), Extracellular vesicles (EVs)

Hur JY et al. Mol Cancer. 2018;17(1):15. 



► 2018.2.1. dizziness 주소로신경과입원

► cerebral infarction 진단하에원인질환감별위한검사진행

► coronary CT에서 RML nodule 발견되어의뢰됨. 

►기저질환 : hypertension, thyroid cancer, ESRD on HD

Case #1 F/65



Case #1 F/65

►2.5 cm RLL nodule, SUVmax 2.0

2018-02-02 2018-02-02 2018-02-07



Case #1

►2018-02-12 Bronchoscopy 

►BAL fluid Extracellular vesicles (EV) EGFR mutation : 19 del + 

►2018-03-28 VATS biopsy : adenocarcinoma 

Lobectomy 

►EGFR mutation : 19 del +



Case #2 F/73

►2015.10. Lt. shoulder mass with pain 주소로내원

►수술전평가에서 RLL nodule 발견

2015-11-05 2015-11-202015-11-17



Case #2

►2015-11-27 RLLobectomy

adenocarcinoma, T1aN0M0, stage IA

►Relapse after 22 months

2017-09-12



Case #2

►BAF fluid EV EGFR mutation : exon 21 L861Q

►수술조직 EGFR mutation : wild type

►Palliative chemotherapy : pemetrexed #6 (+ cisplatin #4), SD for 5 mon  

2018-02-01



Case #2

2018-03-26

2018-02-01

►PR to erlotinib



►Spinal stenosis 수술시행전평가에서이상소견보여내원

►호흡기계증상호소없음. 

►흡연 : 40 갑년

Case #3 – M/67

2016-02-23



Case #3 Diagnosis

►PCNBx. : Non-neoplastic lung parenchyme

with (1) interstitial wall thickness

(2) lymphoplasmacytic infiltration

“Failed”

►2016-03-17 Lumbar and lumbosacral fusion

►2016-03-31 Wedge resection 
• ADENOCARCINOMA

• Acinar (100%), ) Invasion to visceral pleura: PRESENT

► Exon 19 : Deletion : c.2240_ 2257 del., p.del L747_P753 ins



Case #3 Treatment

►Adenocarcinoma, 19 del, Stage IV (lung to lung metastasis)

►2016-04-15 - 2017-11-13 : Gefitinib (PR), 19 months

2016-04-15 2017-03-10 2017-11-02



Case #3 Rebiopsy

►Rebiopsy

►PCNBx : adenocarcinoma → EGFR mutation : 19 del 

►BAL EV DNA  : 19 del + T790M

2017-03-10 2017-11-02



Case #3  Response evaluation

►2017-11-28 : Olmutinib 800mg QD

2017-11-02 2018-01-05



BAL fluid extracellular vesicles

Hur JY et al. Mol Cancer. 2018;17(1):15. 



Can liquid biopsy replace tissue biopsy?

►Strengths

• No tissue biopsy needed

• No FFPE fixation

• Profiling the overall genotype of cancer

• primary cancer

• circulating cells 

• metastases

• Better evaluation of :

• reaction to therapy

• development of resistance

►Weaknesses

• Sensitivity : sometimes extremely low levels 
of ctDNA (1.0%) are present

• DNA extraction : the pre-analytical phases 
of cfDNA need to be better defined

• Assay standardization : procedures need to 
be standardized

• Quantification : accurate quantification is 
needed

• Variability of assay platform : different 
platform assays have different assay 
sensitivity and specificity and analytical 
approach



Summary

►Liquid biopsy 

• Non invasive, rapid, serial testing

►Detection of genetic alteration 

• High concordance rate, good predictive marker

►Disease monitoring

• Mutation clearance – Good predictive marker

►Resistance mechanism      

• T790M: sensitivity about 60-70%

• Early detection of T790M; insufficient data for making a 
decision

►Rare oncogenes; NGS using ctDNA




