
Byoung Chul Cho, M.D., Ph.D.

Yonsei Cancer Center

Application of Liquid Biopsy in Lung Cancer



Potentially Actionable Oncogenic Drivers in 

Lung Adenocarcinoma

Jordan, et al. Cancer Discov 2017



Expanding List of Guideline Recommendations        

for Genomic Testing in NSCLC

Genomic alteration Available targeted agents with activity against 

driver event in lung cancer

EGFR mutation Osimertinib, erlotinib, gefitinib, afatinib, dacomitinib

ALK fusion Alectinib, brigatinib, ceritinib, crizotinib, lorlatinib

ROS1 fusion Crizotinib, Ceritinib

BRAF V600E mutation Dabrafenib+ trametinib, vemurafenib

HER2 mutation Ado-trastuzumab emtansine, afatinib

MET amplification/mutation Crizotinib

RET fusion Cabozantinib, vandetanib, LOXO-292

NTRK fusion Larotrectinib, entrectinib

Tumor mutational burden Nivoluamb+ ipilimumab, nivolumab

NCCN guideline has advocated broad molecular profiling as a part of the standard 

diagnostic evaluation for advanced NSCLC with the goal of identifying driver 

mutations for which effective therapies or clinical trials are available

NCCN Clinical Guideline. NSCLC v3 2019
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Tomorrow

Comprehensive genomic profiling by NGS of 

plasma ctDNA for decision-making

Past

Empirical therapy by clinicopathologic factors to 

select drugs for individual patients

Current

Target-based therapy by single-gene or 

multiplexed or NGS for decision-making

Evolution of Biomarker Test in NSCLC: Past, Current, Tomorrow

Modified from Li T. JCO 2013
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Barriers to Tissue Genomic Testing for          

Community Oncology Practice 

• Insufficient tumor tissue

• Tumor location

• Long turnaround times

• Test reimbursement

• Patient co-morbidities

• Patient harm from the repeat biopsies

(bleeding, pneumothorax)

Gutierrez ME. Clin Lung Cancer 2017



Genomic Profiling in advanced NSCLC: In reality…

• Diagnostic accuracy is suboptimal ranging from 34-88%

• ~10% of patients are NOT tested because of insufficient tumor tissue

• ~30% of failure rate for NGS in routine pathological samples

Gutierrez ME. Clin Lung Cancer 2017



Clinical Application of Liquid Biopsy

Identification of recurrence

Identification of 

resistance mechanism

Tumor mutation burden 

(Immunotherapy)

Identification of therapeutic targets

Response monitoring

Monitoring of tumor evolution

https://www.vectorstock.com/royalty-free-vector/red-blood-in-glass-test-tube-with-cap-icon-vector-21227263


Liquid Biopsy for Advanced NSCLC:                               

Consensus Statement from the IASLC (Rolfo C. JTO 2018)

NGS!!



Can Plasma NGS Imporove Detection of 

Actionable Mutations?

Number Success rate of 

tissue NGS

Plasma NGS Concordance 

rate or PPA

Improved 

detection rate

Aggarwal C, et al.

JAMA Oncol 2018

323 62% Guardant360 81.3% 15.3%

Leighl NB et al. 

CCR 2019

282 - Guardant360 >98.2% 48%

Itotani R, et al 

ESMO 2019

363 67% Guardant360 75% ~14%

PPA, positive percent agreement



Case #1: 68-year-old lady
• Lifetime never smoker and housewife

• Present with cough and  severe chest/back pain



What would you do first?

1) Only tumor biopsy with reflex single-gene assays   

of EGFR/ALK/ROS1 (turnaround time 1 weeks)

2) Only tumor biopsy with NGS on tissue for broader 

molecular profiling (turnaround time 5 weeks)

3) Tumor and liquid biopsy simultaneously

4) Liquid biopsy first 



Tissue is an issue...?

Day 4

Bronchoscopy done

Day 8

No evidence of malignancy reported

Day 1

Came to clinic

Order for bronchoscopy

Day 15

Order for CT-guided NAB

Day 23

Adenocarcinoma EGFR mutation reported

Day 18

CT-guided NAB done

Day 38

Started osimertinib

Day 8

Plasma 

ctDNA orderd

Day 18

Plasma EGFR 

mutation 

reported



Concurrent tissue and liquid biopsy 

should have been ordered….

• Only 21% of patients with 

biomarker testing had 

results available at their 

initial oncology 

consultation

• 13% underwent repeat 

biopsy for molecular 

testing

• Delay treatment 

decision/initiation for 

advanced NSCLC

Lim C. Ann Oncol 2015



Can we start targeted therapy based on plasma result?

BFAST: blood-first screening trial in treatment-naive NSCLC

Gadgeel SM. ESMO 2019



ORR* PFS*

Positive ctDNA result represents sufficient 

evidence to initiate targeted treatment

mPFS NE

12 mo PFS 78.3%

*Efficacy similar to those from ALEX1 (VENTANA D5F3)

1Peters S. NEJM 2017



VISION: Single-arm, Phase II trial of tepotinib in patients with 

NSCLC harboring MET exon14 skipping mutation (Guardant360)

Liquid biopsy positive Tissue biopsy positive

IRC 

(n = 48)

Investigator

(n = 47)

IRC

(n = 51)

Investigator

(n = 51)

ORR,* n (%) 

[95% CI]

24 (50.0)

[35.2, 64.8]

26 (55.3)

[40.1, 69.8]

23 (45.1)

[31.1, 59.7]

28 (54.9)

[40.3, 68.9]

mDOR, months

[95% CI]

12.4

[5.8, ne]

17.1

[7.1, ne]

15.7

[9.0, ne]

14.3

[5.7, ne]

12-month event-free rate

[95% CI]

58% 

[30, 78]

55% 

[28, 76]

70% 

[40, 87]

59% 

[32, 79]

*ORR: confirmed complete response or partial response; †mDOR for first-line treatment not mature at time of analysis.

CI, confidence interval; IRC, Independent Review Committee; mDOR, median duration of response; ne, not estimable; ORR, objective response rate

Key inclusion criteria

• Stage IIIB/IV NSCLC 
All histologies 

• METex14 skipping
Tissue- (T+) and/or blood-

based (L+)

• First, second or third line of 

therapy
Prior immunotherapy allowed

Tepotinib

500 mg

once daily

Selected endpoints

Primary endpoint

• ORR, RECIST v1.1 (by IRC)

Secondary endpoints include:

• ORR 
(investigator) 

• DOR

• PFS

• Safety

Predefined analysis sets for efficacy: 

METex14 detected by liquid biopsy or by tissue biopsy 

Data cut-off: February 18, 2019

Liquid biopsy positive n = 57; efficacy* n = 48

Tissue biopsy positive n = 58; efficacy* n = 51

Park K. ESMO Asia 2019
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Not all EGFR mutant patients respond well to EGFR-TKI

22% of patients in SoC arm did not 

achieve responses (5% had PD)

FLAURA

Gefitinib 1 mo

Ramalingam SS. NEJM 2017



Concurrent Genomic Alterations in ctDNA

May Provide Prognostic Information

Zugazagoitia J. Ann Oncol 2019



Case #2: 63 year-old Lady with dyspnea and chest pain

• Never smoker

• VATS RLL pleural biopsy

• Metastatic adenocarcinoma (TTF1+) cT2aN0M1a

• EGFR exon 19 deletion by PANAMutyperTM

• Started gefitinib (No doubt!!)





Not all EGFR Mutations Created Equally

Cobas® v2 Plasma

FoundationOne Plasma

TruSightTM Tumor 170

A rare point mutation in exon 19



⚫ ㅍ



Treatment monitoring with repeated liquid biopsies

Treatment monitoring

1. Clearance of founder mutation

2. Early detection of resistant 

clones prior to radiological 

progression

Modifying treatment

1. Intensifying therapy

2. Switching therapy 



Early plasma ctDNA dynamics can identify          

poorly responding patients

FASTACT-2

Mok CCR 2015; Zhou ASCO 2019

FLAURA

Week 3

Presence of EGFR mt at Cycle 3 is 

associated with worse PFS and OS

Presence of EGFR mt at week 3 and 6 is 

associated with worse PFS and lower ORR.

mPFS: 13.5m vs 8.2m

(HR: 0.51)

mPFS: 13.5m vs 9.5m

(HR: 0.57)

Week 6



Modifying treatment at earlier timepoints

enables individualization of treatment

Modifying therapy by integrating ctDNA dynamics

Fizazi. TLO 2014 Mok ESMO 2019



Recurrence Risk Assessment: ctDNA analysis  

to detect Minimal Residual Disease (MRD)

LUNAR assay

Multigene panel designed for >90% 

sensitivity across major cancer types

Lam VK. WCLC 2018

Resected early-stage NSCLC 

Adjuvant Rx 

intensification



A RAndomized PHase 3 Adjuvant gEfitinib EGFR-

Mutant Non-small Cell Lung Cancer (RAPHAEL)

Blood sample every 4 months (up to 3 years) during follow-up 

for detection of ctDNA recurrence by LUNAR assay 

EGFRm MRD

Gefitnib?

PI: Cho BC



FLAURA ctDNA analysis: Early Detection of T790M or C797S 

EGFR mutation Before RECIST progression

• Acquired C797S and T790M resistance mutations were detected in 8% and 74% of patients 

with ctDNA PD in the osimertinib and comparator EGFR-TKI arms, respectively

• Median lead time to acquired C797S or T790M in patients with ctDNA PD and RECIST PD was 

1.4 months (IQR 0.5–3.4 months)

Reungwetwattana T. ESMO Asia 2019



Modifying treatment prior to         

radiological progression

Remon J. Clin Lung cancer 2017

APPLE Trial: Feasibility and Activity of Osimertinib on Positive Plasma 

T790M in EGFR-mutant NSCLC Patients (EORTC 1613)



Key message: Liquid Biopsy in Treatment-naïve Patients

• Same criteria as molecular testing from tissue

✓ Advanced nonsquamous NSCLC or squamous NSCLC    

with clinical features of a molecular driver 

• Particularly recommended when tumor tissue is 

scarce or a significant delay (> 2 weeks) is expected 

in obtaining tumor tissue and in patients for whom 

invasive procedure may be contraindicated or with 

bone biopsy

• A negative ctDNA result should be followed up with 

tumor biopsy 

✓False negative liquid biopsy result (sensitivity max ~85%)

• Patients should be drawn before any treatment



Liquid Biopsy for Advanced NSCLC:                               

Consensus Statement from the IASLC (Rolfo C. JTO 2018)

Liquid biopsy first !!



Erlotinib bound to EGFR Steric hindrance inhibits binding 

of erlotinib to catalytic site

T790

erlotinib

M790

T790M Gatekeeper Mutation

HO
H

EGFR T790M found in ~50% of patients who 

become resistant to gefitinib/erlotinib/afatinib



Why is the detection T790M important?
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No. at risk
Osimertinib

Platinum-pemetrexed

Months

279
140

240
93

162
44

88
17

50
7

13
1

0
0

Median PFS, 

months (95% CI)

HR (95% CI)

10.1 (8.3, 12.3) 0.30 (0.23, 0.41)

p<0.0014.4 (4.2, 5.6)

Osimertinib 

Platinum-pemetrexed

Osimertinib- the only 3G EGFR TKI 
approved for patients with progression 

after EGFR TKI and harboring T790M



Why Should Liquid Biopsy be First in Lung 

Cancer Progressing during Targeted Therapy?

• Biopsy feasibility (~60%1)

• Faster turnaround time

✓2 (1-4) vs. 27 days (1-146)2

• HETEROGENEITY

1Kawamura T. Cancer Sci. 2016, Hong MH. YMJ 2019; 2Sacher AG. JAMA Oncol 2016 



Detecting T790M mutations in plasma

⚫ Challenges:

✓ Very low concentration of 

the mutations

✓ High concentration of wild-

type sequences from non-

malignant tissues

✓ Single nucleotide 

difference T790M



Clonal Mutations are More likely to be Detected        

than Subclonal Mutations in Plasma

Oxnard G, et al. ELCC 2016Murphy DJ. Cell Death & Differentiation 2017

T790M

Tumor+/ctDNA-

ctDNA+/Tumor-

Clonal Subclonal

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjH_b6U3c_dAhWIErwKHR-BAzYQjRx6BAgBEAU&url=https://www.indiamart.com/proddetail/jamshidi-bone-marrow-biopsy-needles-1246909155.html&psig=AOvVaw3G0uWNmlv7l1BXmZeaHxi1&ust=1537744015320859


A single biopsy specimen may not represent intrinsic 

heterogeneity of a resistant cancer

At diagnosis At progression

Gefitinib

E19del

E19del
E19del/ 
T790M

E19del

Homogenous/Concordant Heterogenous/Disconcordant



Plasma assay performance for T790M 

detection using tissue test as reference

Platform Sensitivity Specificity Reference 

cobas 61 79 Jenkins, JTO 2017

cobas 51 77 Wu, WCLC 2016

cobas 73 67 Thress, Lung Cancer 2015

cobas 64 98 Karlovich, CCR 2016

ddPCR 77 63 Sacher, JAMA Oncol 2016

BEAMing 70 69 Oxnard, JCO 2016

BEAMing 73 50 Karlovich, CCR 2016

BEAMing 80 58 Thress, Lung Cancer 2015

• 50-77% patients can have T790M mutation status determined 

without an invasive procedure

• Specificity issues in plasma assay likely from tumor 

heterogeneity (“False-positive plasma”)



Sensitivity of 3 Technologies for T790M detection

(AURA 3)

T790M Exon 19 deletion L858R

PPA NPA* PPA NPA PPA NPA

AS-PCR 

(Cobas® v2, 

n=226)

51%
(115/226)

NA
85%

(132/155)

99%
(70/71)

59%
(40/68)

100%
(158/158)

ddPCR

(Biodesix,

n=208)

57%
(118/208)

NA
72%

(102/142)

100%
(66/66)

69%
(44/64)

99%
(141/143)

NGS 

(Guardant 

Health, 

n=227)

65%
(148/227)

NA
81%

(126/156)

99%
(70/71)

62%
(42/68)

98%
(156/159)

• Using the cobas tissue test as a reference, sensitivity for the detection of T790M 

was increased for ddPCR and NGS compared with AS-PCR

• Specificity of the tests for T790M detection could not be assessed because all 

patients were T790M positive by tissue test*

Population: osimertinib-dosed patients with a valid cobas tissue T790M-positive result and matched plasma samples
*Specificity for the detection of T790M was not evaluable as all patients enrolled in AURA3 were T790M positive 
NA, not applicable; NPA, negative percent agreement (specificity); PPA, positive percent agreement (sensitivity) Ahn et al WCLC 2017



T790M discordance by patient: ddPCR vs NGS

• 201 patients had a valid ddPCR and NGS 

plasma T790M test result

• 24 patients (12%) with a discordant result (i.e. 

differing mutation status by ddPCR and NGS) 

are shown here

• 100% of discordant samples had allelic fractions 

<1% in both assays

• 19/24 (79%) of discordant samples were ddPCR 

negative but NGS positive

Genotype

Negative

0

0.01

0.1

1

10

100

Positive Discordant

n=67 n=110 n=24

Mean

5.94%

Mean

0.24%

Mean

0%

NGS: T790M (n=201)

Green = NGS positive result, red = NGS negative result; population: osimertinib-dosed patients 
with a valid cobas tissue T790M-positive result and matched plasma samples.
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Plasma cfDNA positivity in T790M is predictive of  

tumor response (AURA)

**

100

60

–20

–60

–100

20

80

40

–40

–80

0

Plasma T790M positive

Plasma T790M negative

Plasma T790M unknown

ORR (95% CI): 62% (54, 70)

Tumour T790M positive (n=173)

*

100

60

–20

–60

–100

20

80

40

–40

–80

0

Tumour T790M positive

Tumour T790M negative

Tumour unknown

ORR (95% CI): 63% (55, 70)

Plasma T790M positive (n=164)

ORR (%) PFS (months)

Platform Plasma Tumor Plasma Tumor

AURA, AURA 2 Cobas 64 66 NR NR

AURA 3 Cobas 77 71 8.2 10.1

AURA Beaming 63 62 9.7 9.7

Jenkins, JTO 2017; Wu, WCLC 2016; Oxnard G, JCO 2016



Case #2: 43 year-old never smoking woman

• Diagnosis of stage IV lung 

adenocarcinoma with EGFR 

E19del

• Gefitinib for 1 year, symptomatic 

disease progression at lung and 

brain

• ctDNA with cobas EGFR WT

• Bronchoscopy nondiagnostic

• Wedge resection E19 del 

• Started lazertinib (a novel third-

generation EGFR TKI)
Pleural biopsy under VATS 





Why is NGS Preferred in Patients with NSCLC 

Progressive during EGFR TKI Treatment

Gefitinib

Osimertinib

Ra

FLAURA

Guardant360 assay (73 genes) or GuardantOMNI assay (500 genes) Ramalingam SS. ESMO 2018



Combination of Osimertinib and Pralsetinib (RET 

inhibitor) Shows Response in EGFR mutant Patients 

with Acquired RET Fusion

• 60-year old female with EGFR 

del19 NSCLC received afatinib

for one year, then osimertinib for 

18 months

• Biopsy post-osimertinib shows 

CCDC6-RET fusion, T790M 

“lost”

• Patient treated with osimertinib + 

pralsetinib

• Osimertinib 80mg QD; 

pralsetinib 200mg QDx2 weeks, 

then 300 mg QD

RECIST 1.1 Partial Response (-78%)

Baseline 8 weeks

Zofia Piotrowska, et al. IASLC. 2018.  MA26.03 



Case #3  47 year-old never smoker woman

• Stage IV lung adenocarcinoma with EGFR L858R mutation 

• Afatinib for 2 years, disease progression

• Chemotherapy with gemcitabine-cisplatin

• Palliative radiotherapy at T-, L-spine

• Cobas ctDNA confirmed L858R/T790M

• Osimertinib with response for 13 months

• Symptomatic lung disease progression

• Lung rebiopsy NGS still pending

• G360 confirmed CCDC6-RET fusion as acquired resistance 

mechanism to osimertinib

It is Real!



Liquid Biopsy: NCCN Guideline & Recommendations

Key new recommendations include the inclusion of additional genes (ERBB2, MET, 

BRAF, KRAS and RET)… and the use of cfDNA to rule in targetable mutations when 

tissue is limited or hard to obtain.

- CAP/IASLC/AMP 2018 Molecular Testing Guidelines for Lung Cancer 

Even for patients who are able to undergo a traditional tissue biopsy, a liquid biopsy 

may be safer, quicker and more convenient and perhaps even more informative.

- 2017 ASCO Clinical Cancer Advances

Use of cfDNA testing can be considered in specific clinical circumstances, most 

notably:

- If a patient is medically unfit for invasive sampling

- In the initial diagnostic setting, if following pathologic confirmation of a NSCLC 

diagnosis.. there is insufficient material for molecular analysis.. cfDNA should be 

used only if follow-up tissue-based analysis is planned for patients in which an  

oncogenic driver is not identified

- NCCN Treatment Guidelines 1.2019 Non-Small Cell Lung Cancer

Lindeman et al JTO 2018; Burstein et al. JCO 2017; NCCN Guideline, NSCLC



Our Experience of Guardant360  

in Lung Cancer 



Patients Demographics



Patients who Became Candidates for 

Targeted Therapy Based on G360 Results

In these patients, tissue results were wild-type for actionable 

mutations or unavailable due to tissue insufficiency



20.1%

Can We Identify Actionable Mutation using 

Guardant 360? 



MET exon 14 skipping represents a unique subset of NSCLC

Awad MM. JCO 2016; Liu SY. JTO 2016; Liu X. JCO 2016 



Guardant360: 74 cancer-associated genes

Guardant360 reports insertion/deletion variants and amplification of MET gene



82/F Never smoker, Lung adenocarcinoma 

harboring MET ex14 skipping mutation

Apr 2019 May 2019 Jul 2019

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiE0p6t7MLjAhXwyYsBHcaUBysQjRx6BAgBEAU&url=https://funmom.tistory.com/513&psig=AOvVaw3Y_5lVLk-7vCyNwC6DkgaH&ust=1563689695772576


Same Results but Right on Time!

MAF 14%

TAT 10 days 

TAT 6 weeks

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjfx_-XuZnlAhWYxYsBHRjlDfcQjRx6BAgBEAQ&url=https://www.therapyselect.de/en/guardant360&psig=AOvVaw3GvWvDDhPNMBbr2iXaturm&ust=1571063346537384
https://www.therapyselect.de/en/guardant360


M/48 stage IV lung adenocarcinoma

• Referred from another hospital

• Current smoker (30 PYS)

• EGFR cobas/ALK/ROS1 (-/-/-), SP263 10%

• Tissue insufficient for NGS

• s/p Pemetrexed/cisplatin (Apr 2018 ~ Jan 2019)

• Having progressive disease on Feb 2019

• What do you recommend to this patient?



Guardant360 Result



Treatment course

Feb 2019 Mar 2019 May 2019

What if this patient was not lucky enough to have Guardant360?

Docetaxel, gemcitabine……. All ineffective therapies



F/69 stage IV lung adenocarcinoma

• Never smoker

• EGFR cobas WT, ALK/ROS1 (-/-), PD-L1 SP263 0%

• Oncomine comprehensive assay® : WT

• s/p Pemetrexed/cisplatin (Oct 2018.10~Dec 2018)

• After 2 cycles of docetaxel, she had to stop the 

chemotherapy due to severe toxicities (referred)



Guardant360 Result

*Tumor tissue NGS may have low sensitivity in low tumor purity 



Treatment course

Feb 2019 Oct 2019



M/50 stage IV lung adenocarcinoma

• Current smoker (10 PYS)

• EGFR/ALK (-/-), PD-L1 SP263 0%

• Tissue for NGS: not done

• s/p 2cycles pemetrexed/cisplatin (PD)

• s/p GKS

• s/p 2 cycles gemcitabine/carboplatine (PD)

• Referred 

• What do you recommend to this patient?



Guardant360 Result

EGFR exon20 insertion is NOT covered by 

PANAMutyperTM or Cobas



Haura EB. ASCO 2019



Treatment course

PFS 7+ months

Apr 2019 Jun 2019 Sep 2019 Nov 2019



My Experience with Guardant360……..

• Satisfied with TAT and quality of report (simple and 

clear)

• Help find a new potentially effective treatment right 

on time

• Notably, help find level I/IIA biomarkers (EGFR, 

ALK, ROS1, RET, HER2 mutation etc) not detected 

by tissue PCR and NGS

• Useful in cases with insufficient tissue

• Help “laserpoint” the best EGFR-TKI 

Gefitinib

Afatinib

Dacomitinib

Osimertinib

Lasertinib

https://www.indiamart.com/proddetail/pinpointing-your-needs-6473256473.html
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Not all EGFR mutations are created equally

Kobayashi Y. Cancer Sci. 2016



In Vitro Sensitivity of Ba/F3 cells expressing 
each EGFR mutation to various TKI

Kobayashi Y. Cancer Sci. 2016



# Lung cancer, cT2aN0M1a – 2018.12

s/p VATS RLL wedge resection (2018.12.05, at 서울성모병원) 

NGS; TP53muta-p.lle255Asn(c.764T>A)(variant allele frequency10.29%)

EGFRmuta-p.Leu747Pro(c.2239_2240TT>CC)variant allele frequency10.62%)

s/p Gefitinib monotherapy (2019.05.08 ~ 2019.07.17)

→ Rt. Pleural effusion 증가 (Malignant pleural effusion)

s/p #2 Gemcitabine/carboplatin (비급여) + Gefitinib (2019.07.18 ~ 2019.08.27)

s/p #5 Gemcitabine/carboplatin (비급여) + Afatinib (2019.08.28 ~ 2019.11.11)

on #7 Gemcitabine/carboplatin (비급여) + Gefitinib (2019.11.12 ~ )

Case Presentation

Pathology report Parietal pleural biopsy

Metastatic adenocarcinoma, Moderately differentiated
EGFR 19del mutant, ALK (-), ROS1(-), PDL1(22C3) 60%

8821999 유O렬 F/63

Rt. Pleural effusion

2 months Ongoin
g

세브란스 병원 전원 Gemcitabine/Carboplatin

Gefitinib monotherapy

2019-05-08

Gefitinib

2019-07-18 ~ 08-27

Afatinib

2019-08-28 ~ 11-11

Gefitinib

2019-11-12

NGS
Cobas

r/o Hepatic metastasis



Case Presentation
8821999 유O렬 F/63

Baseline 2 m

Response of Gefitinib

Response of Gemcitabine/Carboplatin

3 m

18 m, Lung mass 
progression

Malignant pleural 
effusion

Rt. Pleural effusion

2 months Ongoin
g

세브란스 병원 전원 Gemcitabine/Carboplatin

Gefitinib monotherapy

2019-05-08

Gefitinib

2019-07-18 ~ 08-27

Afatinib

2019-08-28 ~ 11-11

Gefitinib

2019-11-12

NGS
Cobas

r/o Hepatic metastasis

Progression

1 m



Level 1

EGFR mutation

Level 2A

BRAF V600E

RET Fusion

MET exon 14

Level 2B

ERBB2 amp

BRCA 1/2 loss

MET exon 14

Others

Level 3

ERBB2 mutation

EGFR exon 20

FGFR 1/2 amp

MAP2K1

Level 4

ATM

CDKN2A loss

EGFR WT amp

KRAS

PIK3CA

PTEN loss

Others

NF1 loss

Combined level 4



Efficacy of Capmatinib and 

Tepotinib in MET exon 14 skipping

GEOMETRY MONO-1 Ph II (n=25, 1L) VISION Ph II (n=69)

ORR 57.5% (95% CI: 40.9, 73.0)

Wolf J. ESMO 2018; Felip E. WCLC 2018

ORR 72.0% (95% CI: 50.6-87.9)



MET exon 14 skipping represents a unique 

subset of NSCLC

• Significantly older than EGFR/KRAS mutant patients/~60% smoker

• Occur predominantly in adenocarcinoma; enriched in sarcomatoid

carcinoma (~20%)

• Up to 20% with concurrent high-level MET amplification

• Mutually exclusive with other oncogenic drivers (EGFR/KRAS/ERBB2)

• Diagnosis: DNA-based NGS

Chinese (n=968)White patients (n=933)

Awad MM. JCO 2016; Liu SY. JTO 2016; Liu X. JCO 2016 


