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20 years ago

10 years ago

NSCLC Platinum-based doublets
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ADC

SqCC

EGFRm

EGFR WT

EGFR TKI

Platinum-based 
doublets

Platinum-based doublets 
(no pemetrexed)

Li, Mack, Kung, Gandara: JCO 2013 
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disease



NSCLC treatment algorithm in 2019 (adapted from NCCN guidelines)

Adenocarcinoma Squamous Cell Carcinoma

Driver Mutations No Driver Mutations

EGFR ALK ROS1
BRAF
V600E

Gefitinib

Erlotinib
Afatinib

Osimertinib

Alectinib
Brigatinib
Ceritinib
Crizotinib

Crizotinib

Entrectinib
Ceritinib

Dabrafenib
+

Trametinib

T790M

Osimertinib
Brigatinib
Alectinib
Ceritinib

Lorlatinib

Platinum-
based chemo

PD-L1 ≥ 50% PD-L1 1-49%

Lorlatinib

IO ?

Pembro

Doc
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based chemo

Or
Pembro/Carbo/Pemetrexed (ADC)

Pembro/Carbo/Pac (SqCC)
Pac/Carbo/Atezo/Bev (ADC)

Bev

Nivo/Pembro (PD-L1≥ 1%)
/AtezoRamu

Larotrectinib, EntrectinibNTRK
< 0.5%

50-55% 5% 1% 1-2%
PD-L1 0%

Platinum-
based chemo

Bev

Or

Bev



Exon 20 insertion MET exon 14 skipping

Tepotinib

ORR 42%, mDOR 12.4m

KRAS G12C

Drilon et al. WCLC 2016 Felip E et al. ASCO 2018; Awad et al. JCO 2016; Oxnard et al. WCLC 2018; Pasi A Janne et al. ASCO 2019; 
Canon J et al. Nature 2019

RET fusion

RET fusion partner3

K IF 5 B -R E T  (6 0 .5 % )

C C D C 6 -R E T  (2 6 .3 % )

C L IP 1 -R E T  (2 .6 % )

N C O A 4 -R E T  (2 .6 % )

R E T  R e a r ra n g e m e n t
2

(7 .9 % )

LOXO-292

ORR 68%



Jordan, et al. Cancer Discovery 2017; Roy S. Herbst, et al. ESMO 2019

Driver mutations Immunotherapy

Increasing needs for comprehensive genomic 
profiling in the era of precision medicine

Genetic alterations affecting IO:
• STK11/LKB1→ Poor response
• MSI-H, POLE/POLD1→ Good response



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.



Case 1

71 M
CAD, DM, HTN
Heavy smoker: 2PPD for 30 yrs
NSCLC, ADC, cT1aN2M1a, stage IVA
EGFR/ALK/ROS1: WT



Pemetrexed/Cisplatin x6 -> Pemetrexed x 3

2017/10 2018/6 PD 

Docetaxel x3

2018/9 PD 



1799T>A(V600E)

BRAF V600E mutation was detected by RT-PCR and MALDI-TOF 
from pleural effusion



2018/9 2018/12

Dabrafenib
Trametinib



50 y/o woman with left hip pain
NSCLC, cT1bN3M1b, bone mets
EGFR (MALDI-TOF)/ALK/ROS1: WT
PD-L1 40%

Case 2



• Progressive bone pain after 2 cycles of 
pembrolizumab + Pemetrexed + Carboplatin 

• MRI showed progressive bone metastasis

• CEA : 383 -> 807 ng/ml

NGS report:
EGFR amplification, duplication exons 18-25
ARAF R188H
TP53 C176W
Tumor Mutation Burden TMB-Low; 4 
Muts/Mb



 Left THR for intractable pain 

 CEA : 1653 -> 118 ng/ml
Afatinib

X 5 weeks



Gallant et al. Cancer Discov. 2015 Nov;5(11):1155-63. 



MSK-IMAPCT in 860 NSCLC patients OncomineTM in LC-SCRUM:
4191 Japanese NSCLC patients

Jordan, et al. Cancer Discovery 2017
Miyamoto et al. ESMO 2019

More than 60% of NSCLC patients had driver mutations

USA Japan

EGFRm detected in local lab were 
excluded in LC-SCRUM project



Better outcomes in “Druggable” Driver Mutations

LC-SCRUM-JAPAN

Takashi Seto. ASCO 2018



Roy S. Herbst et al. Nature Review 2018



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.



58 y/o man, with severe hip pain
NSCLC, ADC, cT4N3M1c, stage IVB
Bronchoscopy EBUS biopsy: adenocarcinoma, TTF-1 (+)
EGFR: del19; ALK, ROS-1 WT
PD at left lung tumor after erlotnib/Bevacizumab for 8m
T790M neg

Case 3



2018/5 2018/8

Pemetrexed/Carbo x4



CT-guided biopsy of left lingular lobe tumor:
Adenocarcinoma, EGFR del19, no T790M
FoundationOne: 
MET amplification, copy number 8

2018/8

Osimertinib

+ Crizotinib

2018/11

Good response of left lung tumors



Yang et al. Journal of Oncology Practice 2019

Another Case of 

METamp



MET exon 14 
alterations

MET
amplification

15-20% 
overlap

EGFR
mutation

EGFR
TKI

EGFR
mutation

MET
amplification

MET as a primary driver

MET as a secondary/co-driver

Drilon et al. JTO 2017; Camidge, et al. ASCO 2018 

Crizo in High MET 
(n=20):
ORR: 40%
PFS: 6.7m



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.

• Genetic alterations affecting TKI or ICI responses. Referred to Ph.D. Chen’s talk !



42 y/o woman
NSCLC, ADC, EGFR: L858R, PD-L1 0%
Right MPE, liver and spleen metastases

2018/3-8 Erlotinib, SD -> PD

PFS of Erlotinib is only 5 months

2018/9-12 Pemetrexed/Cisplatin x6, Pemetrexed x1

2019/1 PD with Increased liver metastases
s/p liver tumor biopsy and RFA

2019/2-3 Brain metastases
s/p tumor resection and WBRT

What shall we give as the subsequent 
treatment ?

NGS

EGFR mutation
TP53
High TMB
STK11 (hetero)

Case 4



Concurrent genetic alterations associated with EGFR TKI response

HER2 amp MET amp TP53 mutation

Helena A. Yu et al. CCR 2018

200 pre-treatment EGFRm tumors tested by NGS



Tumor mutation burden in EGFRm ADC patients

Offin et al. CCR 2019



Skoulidis et al. Cancer Discovery 2018
Wang et al. JAMA Oncol 2019

STK-11/LKB1m: poor IO response POLE/POLD1m: good IO response



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.

• Genetic alterations affecting TKI or ICI responses.

TP53, HER2amp (?), METamp, high TMB: poor response to TKI

STK11/LTB1: poor response to ICI

POLE/POLD1, MSI-H: good response to ICI

Referred to Ph.D. Chen’s talk !



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.

• Genetic alterations affecting TKI or ICI responses.

• Tumor mutation burden as a biomarker of ICI.

TMB
predict

Monotherapy of anti-PD-1/PD-L1

Combination: Chemo + anti-PD-1/PD-L1

Combination: anti-CTLA-4 + anti-PD-1

Referred to Ph.D. Chen’s talk !



Summary of TMB in prediction of IO response

VS chemo TMB high (vs low)

Nivo PFS                              OS           ?

Nivo/chemo PFS                             OS ??

Pembro PFS                             OS 

Pembro/chemo PFS                              OS 

Ipi/Nivo PFS          ?                  OS

(PD-L1 < 1%)

Solange Peters, et al. AACR 2017; ESMO 2019
Paz-Ares, et al. ESMO 2019 

Roy S. Herbst et al. ESMO 2019



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.

• Genetic alterations affecting TKI or ICI responses.

• Tumor mutation burden as a biomarker of ICI.

• Tissue versus liquid based NGS.



bTMB and tTMB: are they the same ?

David Gandara et al. Nat Med 2018

POPLAR OAK



bTMB to predict ICI responses

PFS OS

David Gandara et al. Nat Med 2018

bTMB ≥16 bTMB <16 bTMB ≥16



Is BFAST fast and efficacious enough ?

Gadgeel et al. ESMO 2019



Gadgeel et al. ESMO 2019

10-14 calendar days

119 of 2219 (5.4%) 
blood positive for 
ALK fusion



Biological considerations of liquid biopsy

Golden standard

Tumor
positive

Tumor 
negative

ctDNA
positive

True positive False positive

ctDNA
negative

False negative True negative



Detectable cfDNA differ among different cancer type and stage

Fraction of patients with ctDNA in localized(stage 
I-III) and metastatic (stage IV) maligancies

Fractions of patients with 
detectable ctDNA

Detectable levels of ctDNA：
Localized tumor-49 to 78 %

Metastatic tumor-86 to 100 %

47%

55%

69%

82%

Detection of ctDNA
depends on locations 
and metastatic spread

Bettegowda et al. Science Translational Medicine 2014

False Negative

Colon Gastric Pancreas Breast

Local Mets



Exploratory analysis of CTONG-0901 patients:
cfDNA decreased after effective EGFR TKI treatment

Zhou et al. Journal of Hematology and Oncology 2016

False Negative



Limitation of fusion detection in liquid biopsy

Tissue: Oncomine comprehensive assay, version 3

Liquid: Guardant 360 

N=363

Detection of fusion genes by  ctDNA is limited.

Fusion
Ex14 

skipping

Ex 20 

insertion

LC-SCRUM-Japan

Annals of Oncology (2019) 30 (suppl_5): v602-v660. 10.1093/annonc/mdz260

InDel, 

SNV
SNV SNV FusionFusion



False Positive

Clin Cancer Res. 2018 Sep 15;24(18):4352-4354.

Clonal hematopoiesis (CHIP) (複製性造血作用)-

development of somatic mutations in 

hematopoietic cells

False-positive plasma genotyping due to clonal 
hematopoiesis (JAK2, some TP53, rare KRAS).

advanced NSCLC (n=122)



Biological considerations of liquid biopsy

Golden standard

Tumor positive Tumor negative

ctDNA
positive

True positive False positive:
CHIP

ctDNA
negative

False negative
(non-shedder):
Low grade/stage
Respond to Tx
Liquid for fusion

True negative



Service Providers of Next-Generation Sequencing in Taiwan

ACT Genomics
ACTDrug / ACTOnco

Foundation Medicine
FoundationOneCDx

OncoDNA
OncoDeep

Thermo Fisher
Oncomine

Focus/Comprehensive

Cost NT 60,000 /NT 105,000 ~NT 105,500 ~ NT 200,000 ~NT 90,000/~NT 160,000

Testing content
• 40 or 440 genes (optional)

• CNV
• RNA-Seq Fusion (31 genes)

• 324 genes
• CNV
• DNA-Seq Fusion (28 genes)

• 313 genes
• CNV
• RNA-SeqFusion (11 genes)

• 52 or 143 genes (optional)

• CNV
• RNA-Seq Fusion (22 or 23 genes)

Immunotherapy
• TMB, MSI
• Resistance info. to IO (ACTOnco)

• TMB, MSI • TMB, MSI, IHC 
• More slides required

N/A

Pathology evaluation Y N/A Y N/A

Mutation frequency Y N/A Y Y

FDA approved
status

Application is ongoing
(FDA IVD medical device, class II )

8 indications in lung cancer
(FDA IVD medical device, class III )

N/A
4 indications in lung cancer

(FDA IVD medical device, class III )

ACT Genomics
ACTMonitor+

Foundation Medicine

FoundationOne
Liquid

OncoDNA
OncoSELECT

Sofiva
Drug+

CellMax
OncoLBx

Guardant Health
G360

Cost
• NT 30,000 (11 genes)

• NT 60,000 (50 genes)
NT 105,500 NT 55,000 NT 59,900 NT 160,000 ~NT 160,000

Testing content

• 11 or 50 genes
(optional)

• 70 genes
• CNV (partial)
• Fusion (7 genes)
• MSI

• 12 genes
• CNV (partial)
• Fusion (5 genes)

• 77 genes
• CNV (partial)
• Fusion (6 genes)

• 73 gene
• CNV (partial)
• Fusion (5 genes)

• 73 genes
• CNV (partial)
• Fusion (5 genes)
• MSI

Effectiveness/
Turn around time

• Fast (local test)

• 2 weeks
• Medium (overseas test)

•3-4 weeks
• Medium (overseas test)

•3-4 weeks
• Medium-Fast (local test)

2-4 weeks
• Medium (overseas test)

•3-4 weeks
• Fast (overseas test)
• 2 weeks

Plasma

Tissue



Clinical Application of NGS in lung cancer

• Druggable driver mutation not routinely checked in local lab.

• Copy number variation which can be effectively targeted.

• Genetic alterations affecting TKI or ICI responses.

• Tumor mutation burden as a biomarker of ICI.

• Tissue versus liquid based NGS.

• NTUH experiences of NGS in EGFRm ADC PD after 1L TKI.



Enrichment of genetic alterations after EGFR TKI treatment

Helena A. Yu et al. CCR 2018

Before (n=200) vs After (n=136):
EGFR T790M: 0% vs  52%
BRAF alterations: 1% vs 5.1%
CDKN2A loss: 12.5% vs 21.3%
CDKN2B loss: 10.5% vs 19.9%
EGFR amp: 23% vs 35%
FGFR3 alteration: 0.5% vs 3.7%
MET amp: 2% vs 6%

Acquired resistance in paired cases (n=38):
T790M: 16/38 (42%)
EGFR amp: 6/38 (16%)
MET amp: 3/38 (8%)
ERBB2 amp: 2/38 (5%)



The Real World Experience of Lung Cancer (total cases)

## Mutation

9 Amplification

6 Gain

## Mutation + Amplification

1 Heterozygous deletion

## Mutation + Heterozygous deletion

0 Homozygous deletion

## Fusion

## Mutation + Fusion

ACTOnco (n=176) 
ACTDrug (n=290)



## Mutation

9 Amplification

6 Gain

## Mutation + Amplification

1 Heterozygous deletion

## Mutation + Heterozygous deletion

0 Homozygous deletion

## Fusion

## Mutation + Fusion

The EGFR TKI Resistance Mechanism other than T790M

• EGFR/ERBB2/MET/KRASamp
• BRAF/KRAS mutation
• mTOR and cell cycle genetic alternation

ACTOnco (n=176) 
ACTDrug (n=290)



Study Design
Patients with stage IV NSCLC, 

EGFR driver mutation positive, 

PD with first-line EGFR TKI

Patients with paired 

rebiopsy FFPE and plasma (19)

tDNA (ACTDrug) ctDNA (ACTMonitor_Lung)

QC passed (15)QC failed (4)

• Insufficient sample (2)

• No malignancy (2)

Analysis the concordance between tDNA and ctDNA (15)

QC passed (19)QC failed (0)



The Results of ACTDrug, 13 cases

Confidential ©  2019 ACT Genomics

Patient ID Tumor purity Macrodissection ACTDrug, SNV/InDel ACTDrug, CNV Treatment

TKI016 65% No
EGFR L858R
TP53 R181P

EGFR 6.5
CDK6 3.5
MET 5.5
CDKN2A 1
KRAS 5.5

Gefitinib

TKI002 60% No
EGFR S768I / G724S
TP53 D259Y

TP53 1
CDK6 3.5
MET 4.5 
CDKN2A 0

Afatinib / 
Avastin

TKI015 55% No EGFR 19 del / T790M 
EGFR 5.5
CDKN2A 1

Erlotinib

TKI018 55% No
EGFR 19 del / T790M
CTNNB1 S37C

Erlotinib

TKI004 40% No EGFR 19 del / T790M CDKN2A 0 Gefitinib

TKI007 40% No
EGFR 19 del / T790M
TP53 D208V

EGFR 7.5 Afatinib

TKI014 35% Yes
EGFR 19 del
TP53 C242fs

Gefitinib

TKI011 25% No
EGFR L858R
CDKN2A P81L

ERBB2 24.5 Gefitinib

TKI003 15% Yes EGFR L858R / T790M Erlotinib

TKI013 15% No
EGFR 19 del/ T790M
TP53 Y163C

Gefitinib

TKI017 15% Yes EGFR L858R / T790M Erlotinib

TKI006 10% Yes
EGFR L858R
TP53 R209fs

Erlotinib

TKI005 5% Yes
EGFR 19 del / T790M
TP53 H179Q

Afatinib

Alteration n % TK
I0

1
5

TK
I0

0
7

TK
I0

0
4

TK
I0

0
5

TK
I0

1
3

TK
I0

1
8

TK
I0

1
4

TK
I0

0
3

TK
I0

1
7

TK
I0

1
6

TK
I0

1
1

TK
I0

0
6

TK
I0

0
2

EGFR 19 del 7 53.8% ## ## ## ## ## ## ##

EGFR L858R 5 38.5% ## ## ## ## ##

EGFR T790M 8 61.5% ## ## ## ## ## ## ## ##

EGFR S768I 1 7.7% ##

EGFR G724S 1 7.7% ##

EGFR Amp 3 23.1% 10 10 10

ERBB2 Amp 1 7.7% 10

MET Amp 2 15.4% 10 10

KRAS Amp 1 7.7% 10

CDK6 Amp 2 15.4% 10 10

CDKN2A 4 30.8% ## ## ## ##

CTNNB1 1 7.7% ##

TP53 7 53.8% ## ## ## ## ## ## ##

Resistance: 
T790M: 8 of 13
ERBB2 amp: 1 of 13
MET amp: 2 of 13
CDK6 amp: 2 of 13

1L EGFR TKI:
Gefitinib: 5
Erlotinib: 5
Afatinib: 3



Macrodissection may Overcome the Sample with Low Tumor Purity

Confidential ©  2019 ACT Genomics

Total cases: 13

Tumor purity≥30%: 7

Tumor purity<30%: 6

→Macrodissection Yes: 4

No: 2

Patient ID Tumor purity Macrodissection EGFR driver mut. (AF%) EGFR T790M (AF%)

TKI016 65% No L858R (63.2%) ND

TKI002 60% No
S768I (49.5%)

G724S (45.9%)
ND

TKI015 55% No 19 del (83.2%) T790M (21.5%)

TKI018 55% No 19 del (31.6%) T790M (7.2%)

TKI004 40% No 19 del (50.6%) T790M (9.3%)

TKI007 40% No 19 del (76.5%) T790M (31.1%)

TKI014 35% Yes 19 del (54.2%) ND

TKI011 25% No L858R (14.0%) ND

TKI003 15% Yes L858R (28.9%) T790M (28.2%)

TKI013 15% No 19 del (9.8%) T790M (6.6%)

TKI017 15% Yes L858R (24.8%) T790M (13.9%)

TKI006 10% Yes L858R (35.1%) ND

TKI005 5% Yes 19 del (51.4%) T790M (5.9%)



The Concordance between ACTDrug (tissue) and ACTMonitor_Lung (liquid)

Confidential ©  2019 ACT Genomics

Patient ID ACTDrug, SNV/InDel ACTMonitor_Lung cfDNA Amount (ng) T N M

TKI016
EGFR L858R
TP53 R181P

EGFR L858R
TP53 R181P

352.8 T4 N3 M1a

TKI015 EGFR 19 del / T790M EGFR 19 del / T790M 246 T4 N3 M1c

TKI014
EGFR 19 del
TP53 C242fs

EGFR 19 del / T790M 216 T2 N0 M1c

TKI004 EGFR 19 del / T790M EGFR 19 del 92.5 T2 N3 M1b

TKI006
EGFR L858R
TP53 R209fs

EGFR L858R
TP53 R209fs

82.8 T4 N0 M1a

TKI007
EGFR 19 del / T790M
TP53 D208V

EGFR 19 del / T790M
TP53 D208V / R273C

72.8 T4 N2 M1a

TKI003 EGFR L858R / T790M No variant 72 T1 N1 M0

TKI018
EGFR 19 del / T790M
CTNNB1 S37C

No variant 32.5 T4 N0 M1c

TKI005
EGFR 19 del / T790M
TP53 H179Q

No variant 31 T4 N2 M1b

TKI013
EGFR 19 del/ T790M
TP53 Y163C

No variant 29.9 T3 N0 M1b

TKI002
EGFR S768I / G724S
TP53 D259Y

No variant 22 T2 N0 M1a

TKI017 EGFR L858R / T790M No variant 22 T1 N3 M1a

TKI011
EGFR L858R
CDKN2A P81L

EGFR L858R 13 T1 N1 M1b

TK
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7
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0
2

EGFR Exon 19 del ## ## ## ## 10 10 10

EGFR L858R ## ## ## 10 10

EGFR T790M ## ## ## 10 10 10 10 10 10

EGFR S768I 10

EGFR G724S 10

CDKN2A 10

CTNNB1 10

TP53 ## 10 10 10 ## ## 10

For EGFR driver mut. by patients
Sensitivity: 53.8%    
For all mutations
Sensitivity : 40.6%

## Both in tDNA and cfDNA

10 tDNA only

## cfDNA only



The Amount of cfDNA Correlated with the Sensitivity of Liquid NGS Test

Patient ID ACTDrug, SNV/InDel ACTMonitor_Lung cfDNA (ng) T N M

TKI016
EGFR L858R (63.2%)
TP53 R181P (42.9%)

EGFR L858R (54.08%)
TP53 R181P (32.65%) 352.8 T4 N3 M1a

TKI015
EGFR 19 del (83.2%)

T790M (21.5%)
EGFR 19 del (39.91%)

T790M (5.20%) 246 T4 N3 M1c
TKI014

EGFR 19 del (54.2%)
TP53 C242fs (18.9%)

EGFR 19 del (49.74%)
T790M (17.82%) 216 T2 N0 M1c

TKI004
EGFR 19 del (50.6%)

T790M (9.3%)
EGFR 19 del (1.43%) 92.5 T2 N3 M1b

TKI006
EGFR L858R (35.1%)
TP53 R209fs (19.1%)

EGFR L858R (0.57%)
TP53 R209fs (0.24%) 82.8 T4 N0 M1a

TKI007

EGFR 19 del (76.5%)
T790M (31.1%)

TP53 D208V (27.4%)

EGFR 19 del (33.76%)
T790M (8.71%)

TP53 D208V (4.95%)
R273C (1.81%)

72.8 T4 N2 M1a

TKI003
EGFR L858R (28.9%)

T790M (28.2%)
No variant 72 T1 N1 M0

TKI018
EGFR 19 del  (31.6%)

T790M (7.2%)
No variant 32.5 T4 N0 M1c

TKI005

EGFR 19 del (51.4%)
T790M (5.9%)

TP53 H179Q (55.5%)
No variant 31 T4 N2 M1b

TKI013

EGFR 19 del (9.8%)
T790M (6.6%)

TP53 Y163C (7.4%)
No variant 29.9 T3 N0 M1b

TKI002

EGFR S768I (49.5%)
G724S (45.9%)

TP53 D259Y (59.9%)
No variant 22 T2 N0 M1a

TKI017
EGFR L858R (24.8%)

T790M (13.9%)
No variant 22 T1 N3 M1a

TKI011
EGFR L858R (14.0%)
CDKN2A P81L (16.1%)

EGFR L858R (1.52%) 13 T1 N1 M1b



Tumor burden (at test) and the detected concentration of cfDNA

p-=0.2063 p-=0.1538 p-=0.6999
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The Sensitivity of Liquid Biopsy in Clinical Trials

Trial Cancer Mutation Method Case (n) Sensitivity Specificity Reference

AURA
Advanced 

NSCLC
EGFR T790M BEAMing 216 70.3% 69.0%

Oxnard GR, et al.
J Clin Oncol. 2016

AURA Extension 
and AURA2 

Advanced 
NSCLC

EGFR T790M cobas v2 551 61% 79%
Jenkins S, et al. 

J Thorac Oncol. 2017

AURA3
Advanced 

NSCLC
EGFR T790M cobas v2 359 51.3% NA

Mok TS, et al. 
N Engl J Med. 2017

BELLE-2
Advanced 

HR+/Her2- BC
15 PIK3CA activating 

mutations
BEAMing 582 71% 79.2%

Baselga J, et al. 
Lancet Oncol. 2017

SANDPIPER
Advanced 

HR+/Her2- BC
PIK3CA activating 

mutations

Foundation
OneLiquid

508 66.7% NA
Vasan N, et al.
Science. 2019

~30% false-negative rate for variant detection



Case 5

55 year-old male, never smoker
cT2aN0M1a, with malignant pleural effusion 
stage IVA
EGFR (MALDI-TOF)/ALK/ROS1/BRAF: WT

Alteration n % TK
I0
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EGFR 19 del 7 53.8% ## ## ## ## ## ## ##

EGFR L858R 5 38.5% ## ## ## ## ##

EGFR T790M 8 61.5% ## ## ## ## ## ## ## ##

EGFR S768I 1 7.7% ##

EGFR G724S 1 7.7% ##

EGFR Amp 3 23.1% 10 10 10

ERBB2 Amp 1 7.7% 10

MET Amp 2 15.4% 10 10

KRAS Amp 1 7.7% 10

CDK6 Amp 2 15.4% 10 10

CDKN2A 4 30.8% ## ## ## ##

CTNNB1 1 7.7% ##

TP53 7 53.8% ## ## ## ## ## ## ##



NTUH Liquid biopsy (plasma EGFR Cobas V2): EGFR S768I

FoundationOne® Liquid:
EGFR: G724S + S768I
CTNNB1 S45F
TP53: D259Y

Bronchoscopic biopsy: not feasible for molecular test



EGFR Cobas V2

羅氏 EGFR 基因突變檢驗 v2 仿單 https://www.fda.gov.tw › MLMS › ShowFile

• Uncommon mutations: Cobas V2只能驗 G719X, S768I and L861Q.
• Other potential TKI-sensitive EGFR mutations are not detected:

Exon 18: E709 complex, L747P, G724S
Exon 19: Exon 19 insertion
Exon 20: A763_Y764 insFQEA
EGFR-KDD
Others not reported…



Yang, et al. Lancet Oncol 2016

第二代 TKI對於uncommon mutation
的效果，較第一代TKI好
Median PFS 10-11個月
Afatinib is approved by FDA for G719X, 
L861Q, and S768I EGFR mutation.
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Good partial response to afatinib

2018/09 2018/11

Afatinib



Fassunke et al. Nature Communication 2018

產生新的G724S 合併失
去T790M突變，可能對
afatinib治療有效

Plasma cfDNA中G724S的比
率，隨著1G->3G TKI的使用
而增加。



Application of NGS in lung cancer treatment

Driver mutations
Tumor mutation 

burden (TMB)

• Explore more driver mutations not 
checked at local lab.

Eg: EGFR-KDD, EGFR exon20ins, BRAF, 
ROS1, RET, NF1, NTRK…

• Give appropriate available 
targeted therapy

Eg:
Afatinib for EGFR-KDD, G724S
Crizotinib for MET exon 14
Dabra/Trame for BRAF V600E
……

• Enroll in suitable 
clinical trial

Eg:
MET exon 14- > VISION
Exon 20ins -> TAK-788
KRAS G12C -> AMG-510
……

Copy number 
variation

• METamp as a resistant 
mechanism to EGFR TKI 
responding to crizotinib

• Clinical trials ?
• ERBB2? B2M? Others ?

• Relatively consistent data among 
each platforms

• Predict mono-ICI rather than 

ICI-chemo combo or dual-ICI

• In the era of combination 
therapy, the future of TMB ??
I don’t know at this time…



Thanks for your Listening and Comments !

楊景堯 Ching-Yao Yang, M.D. Ph.D.

Assistant Professor

National Taiwan University Hospital

Chingyao.yang@gmail.com
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