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ALK(7%)

EGFRother (4%)

MET(3%)

>1 mutation (3%)

HER2(2%)

ROS1(2%)

BRAF(2%)

RET(2%)

NTRK1(1%)

PIK3CA(1%) 

MEK1(<1%) 

Unknown oncogenic driver detected (31%)

KRAS(25%)

EGFRsensitizing (17%)

ROS1

Crizotinib;Cabozantinib;Ceritinib;Lorlatinib;Entrectinib; Ropotrectinib, DS-6051b

BRAF

Vemurafenib;Dabrafenib;Dabrafenib + Trametinib

RET

Cabozantinib; Alectinib; Apatinib; Vandetanib; sunitinib; Ponatinib; Lenvatinib; BLU-667; 

LOXO-292

NTRK1

Entrectinib; LOXO-101 (larotrectinib); loxo-195; DS-6051b; repotrectinib

PIK3CA

LY3023414; PQR 309

ALK

Crizotinib; Alectinib; Ceritinib; Lorlatinib; Brigatinib

MET

Crizotinib; Cabozantinib; Capmatinib; Savolitinib; Tepotinib; Merestinib; Glesatinib

HER2

Trastuzumabemtansine;Afatinib;Neratinib-temsirolimus; Dacomitinib; Poziotinib; 

XMT-1522; TAK-788; DS-8201a, 

MEK1

Trametinib; Selumetinib;Cobimetinib

EGFRsensitizing

Gefitinib; Erlotinib;Afatinib;Osimertinib; Dacomitinib

Great advances have been made in lung cancer therapy: 

targeting of oncogenic drivers



BRAFMUTATIONS IN NSCLC

1. BarlesiF et al. Lancet 2016;387:1415ï1426; 2. Kris MG et al. JAMA 2014;311:1998ï2006;                                   
3. MarchettiA et al. J Clin Oncol2011;29:3574ï3579; 4. CardarellaS et al. Clin Cancer Res2013;19:4532ï4540 
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ÁNSCLC with BRAFV600E mutations has histological features suggestive of an aggressive tumor3

ÁPatients with BRAFV600Eïmutant NSCLC demonstrated less-favorable outcomes with platinum-based chemotherapy3,4
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Vemurafenibin BRAFmutant NSCLC

VE-Basket trial

20 BRAFV600NSCLC
ORR: 42%

PFS: 7.3 mo

AcSétrial

MazièresςWCLC 2018

VemurafenibVemurafenib

Hyman ςNEJM 2015

79 BRAFV600NSCLC
ORR: 43%

PFS : 5.2 mo



84 BRAFV600ENSCLC
ORR: 33% 

D. Planchardet al ςlancetOncol2016

PFS: 5.5 months (2.8- 6.9) 

Dabrafenibin BRAF NSCLC in 2nd line 
(BRF113928 Study)



Kristina M. Ilievaet al, mol cancer therapeutics

MECHANISM OF ACTION FOR DUAL MAPK PATHWAY INHIBITION WITH 

DABRAFENIB+ TRAMETINIBTO OVERCOME ERKESCAPE MECHANISM



BRF113928 STUDY : MAXIMUM CHANGE IN TARGET LESION BY BEST 

CONFIRMED RESPONSE WITH DABRAFENIB+ TRAMETINIBIN 2NDLINE

PlanchardD et al. Lancet Oncol2016;17:984ï993;
PlanchardD et al. J Clin Oncol2017;35(Suppl):Abst9075
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ORR: 66.7% (95% CI 52.9-78.6)

Best confirmed responseÀ

Cohort B (N=57 NSCLC BRAF V600E)



PFS WITH DABRAFENIB+ TRAMETINIBAS 2NDLINE

PlanchardD et al. Lancet Oncol2016;17:984ï993;
PlanchardD et al. J Clin Oncol2017;35(Suppl):Abst9075
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BRF113928 STUDY : MAXIMUM CHANGE IN TARGET LESION BY BEST 

CONFIRMED RESPONSE WITH DABRAFENIB+ TRAMETINIBIN 1STLINE

PlanchardD et al. Lancet Oncol2017;18:1307ï1316

M
a

x
im

u
m

 r
e

d
u

c
ti
o

n
 f
ro

m
 b

a
s
e

lin
e

 

m
e

a
s
u

re
m

e
n

t,
 %

Best confirmed response CR

PR

SD

PD

NE

10

0

ī10

ī20

ī30

ī40

ī50

ī60

ī100

ī70

ī80

ī90
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Cohort C (N=36 NSCLC BRAFV600E)
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PFS WITH DABRAFENIB+ TRAMETINIBIN 1STLINE

PlanchardD et al. Lancet Oncol2017;18:1307ï1316
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Investigator 

assessed (n=36)

IRC assessed

(n=36)

Events, n (%) 24 (67) 22 (61)

Median (95% CI), months 10.9(7.0, 16.6) 14.6(7.0, 22.1)

6-month rate (95% CI), % 72 (53, 84) 69 (51, 82)
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OVERALL SURVIVAL WITH DABRAFENIB+ TRAMETINIB

IN 1STLINE

PlanchardD et al. Lancet Oncol2017;18:1307ï1316
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+ 4 years

Lady, 58-year, BRAFV600E: 

Dabrafenib(150mg twicea day) + Trametinib(2mg/day)

D.Planchardet al, Gustave Roussy

July 2014 February2018



2 months

3 years



Å Mean Bayesian Estimated Success rate : 5.9% ; credibility 95%CI : [0.2%; 20.6%]

Å Prob ORR < futility bound (10%): 81.5% - study stopped

PFS: 1.8 m. [1.4-2.1] Response rate: 0%

Non V600 mutations

n = 17
G466A : n=1

G466V : n=3

G469A : n=3

G469V : n=1

N581S : n=3

G596R : n=1

K601E : n=3

K601N : n=2

BRAF non V600 cohort(AcSéVemu)

J.Maziereset al, WCLC 2018



Immunotarget- Low benefit of immunotherapy in case of 
molecular alteration...need for specific studies 

Driver n RR PFS OS Impact (+/X) on PFS of Comments

PDL1 Smoking Nb line Subtype

Total 19% 2.8 13.3 Outcome consistent with

registration trials for ICI

KRAS 271 26% 3.2 13.5 + X X X Clear benefit acrossall 

subgroups

EGFR 125 12% 2.1 10 + X X X Could be considered in PDL1 + 

after TKIsexhaustion

BRAF 43 24% 3.1 13.6 X + X NA Could be considered in smokers

MET 36 16% 3.4 18.4 NA X NA X
Could be considered after

conventionnal treatmentHER2 29 7% 2.5 20.3 NA + X NA

ALK 23 0 2.5 17

X X X NA
Poor outcome. New biomarker

needed.
RET 16 6% 2.1 21.3

ROS1 7 17% - -

Julien MAZIERES et al, ASCO 18



Italien ExpandedAccess Program of 2nd line Nivolumab

Best responseto 
Nivolumab

BRAF-mutated
N=11 (%)

BRAF Wild Type
N=199 (%)

BRAFNot 
evaluated
N=1378 (%)

CR 0 1 (0.5%) 9 (0.6%)

PR 1 (9.1%) 38 (19.1%) 241 (17.5%)

SD 0 45 (22.6%) 369 (26.8%)

PD 8 (72.7%) 92 (46.2%) 588 (42.7%)

Death 1 (9.1%) 16 (8.1%) 113 (8.2%)

NE 1 (9.1%) 7 (3.5%) 58 (4.2%)

Retrospectivetrial

RihawiK et al, JTO 2019



Multi -institutional retrospective
39 pts BRAF mutant NSCLC
-54%: V600E (group A, n = 21) 
-non-V600E (group B, n = 18)
-38% never-smokers

PD-[м ƘƛƎƘ όҗрл҈ύΥ
-in 42% -V600E pts
-50% non ςV600E pts

PFS:
-3.7 mo V600E pts
-4.1 mo non-V600E pts

DudnikE et al, JTO 2018

BRAFand immunotherapy
ORR:
-25% V600E pts
-33% non-V600E pts



ACQUIRED RESISTANCE TO BRAFINHIBITION: 

MANY HYPOTHESES

JohannessenCM et al. Nature 2010;468:968ï972; NazarianR et al. Nature2010;468:973ï977; PoulikakosPI et al. Nature2011;480:387ï390; Shi H et al. Nature Commun2012;3:724; 
StraussmanR et al. AACR 2012;abstract 4837; Villanueva J et al. Cancer Cell 2010;18:683ï695; WagleN et al. J ClinOncol2011;29:3085ï3096 
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overexpression

NRASQ61

CRAF

BRAFV600truncation
BRAFV600amplification

PDGFRb

MEK1mutations

BRAFV600E

SURVIVAL

P

P

COT

NRASmutations

COT overexpression



Genomic ctDNAprofiling of disease progression on 
BRAF-targeted therapies

Consistent rebound in 
BRAF V600E at PD in 
17/27 (63%) patients 

Ortiz-Cuaran*, Mezquita* et al. submitted

BRAFmutation in 56.5% (16/46) of samples
Molecular progression observed in 3 patients with a 

median of 57 days before confirmation of radiographic 
progression

35 patients 
(46 samples)

Sandra Ortiz-Cuaran, Centre Léon Bérard - Cancer Research Center of Lyon, France

Complete clearanceof 
BRAF V600E at the first CT-
scan evaluation* in 12/20 

(60%)



Previously Treated Treatment 

Naive

VE-Basket trial

vemurafenib

(n=20)

AcSé trial

vemurafenib

(n=100)

BRF113928

dabrafenib

(n = 78)

BRF113928

Dabrafenib Plus 

Trametinib

(n = 57)

BRF113928

Dabrafenib Plus 

Trametinib

(n = 36)

Male 14 (70%) - 39 (50%) 29 (51%) 14 (39%)

Never smoker 7 (35%) - 29 (37%) 16 (28%) 10 (28%)

ORR % (95% CI) 42 (20-67) 44.9 33 (23ï45) 67 (53ï79) 64 (46-79)

PFS, median (95% CI) 7.3 (3.5-10.8) 5.2 5.5 (3.4ï7.3) 10.2 (6.9ï16.7) 10.9 (7.0-16.6)

OS, median (95% CI) NA 9.3 12.7 (7.3ï16.3) 18.2 (14.3ïNE) 24.6 (12.3-NE)

So where we are in 2019éBRAFV600-mutant

Dabrafenib+trametinib

mPFS (10.9 months)
Platinum-

based CT+/-IO
Immunotherapyé

Dabrafenib+trametinib

mPFS (10.2 months)
Immunotherapyé

Platinum-

based CT+/-IO

D.Planchardet al, ASCO 18

EMA and FDA approvals2017



D.Planchardet al, annalsonco2018

ESMO and NCCN Guidelines

EMA and FDA approvals2017



Activation of MET pathway in lung cancer

Comoglio, Trusolino & Boccaccio Nat Rev Cancer 2018; 341-358



Drilon A et al, J Thoracic Oncol, 2016

MET as a primary driver MET as a secondary/co-driver

METexon 14 
alterations

MET
amplification

EGFR
mutation

EGFR
TKI

MET
amplification

15-20% 
overlap

METaberrations in NSCLC

3-4% of nonsquamous NSCLCs

8-30% sarcomatoid lung carcinomas

3-7%
5-15%



Jeffrey A. Engelman et al, Science 2007

First report of MET amplification as bypass track to circumvent 

EGFR inhibition: ERBB 3-dependent PI3K activation

Gefitinib + MET inh

METamp cells



Lecia V. Sequist et al, Science translational medecine 2011 Helena A. Yuet al, CCR 2013

Acquired resistance to 1stð2nd generation 

EGFR-TKI 

å 5-10%



FLAURA-RESULTS: ACQUIRED RESISTANCE 

MECHANISMS

Post-Erlotinib
or Gefitinib

Post-Osimertinib

Suresh S Ramalingam et al, ESMO 2018

4%

15%

ctDNAanalysis



MET inhibitors in clinical trial

Type I: bindsATP-binding pocketin the active conformation, Ib more highlyspecific
Type II: bindsATP-binding pocketin the inactive conformation; potencyismoravariable

Reungwetwattanaet al, lungcancer 2017

Highly
selective
MET TKI 



Savolitinib+ Gefitinib(phase Ib)  
EGFR mut pts MET amplified

Yang J.J et al, IASLC 2017



Capmatinib+ Gefitinib(Phase Ib/II)
EGFR mut pts MET amplified

a9¢ D/b җс
ORR 50% 

ORR 25% ORR 15% 

ÅCapmatinib+ Gefitinib
ÅPhase 2 expansion cohort

ÅEGFR-mutant lung cancers with acquired resistance and 
έa9¢-ǇƻǎƛǘƛǾŜέ b{/[/ǎ

Phase Ib/II Study

Yi-LongWu et al, JCO 2018

ORR: 47% in patients with MET gene 
ŎƻǇȅ ƴǳƳōŜǊ җс



Wu ςWCLC 2019

Gefitinib + Tepotinib. Phase II. N=55

EGFR TKI-resistant Asian patients with locally 

advanced/metastatic NSCLC, EGFR+, T790Mï, MET+

ÅMET2+ or 3+ by IHC (D1C1 antibody)

ÅMET amplification by ISH (GCN Ó5 and/or MET/CEP-7 Ó2)

Tepotinib 500 mg + 

gefitinib 250 mg 

orally once daily*

Chemotherapy: 

Pemetrexed 500 mg/m2

+ cisplatin 75 mg/m2 or 

carboplatin AUC 5 or 6 

i.v. on Day 1À

R

ORR, n (%) [90% CI]

Tepotinib + gefitinib 

n=12

Chemotherapy

n=7

OR

(90% CI)

8 (66.7%)
[39.1, 87.7]

3 (42.9)
[12.9, 77.5]

2.67

(0.37, 19.56)

1.0

0.8

0.6

0.4

0.2

0

METamplification, N=19
Tepotinib 
gefitinib Chemo

mPFS 16.6 m 4.2 m

HR(90% CI) 0.13(0.04, 0.43)

1.0

0.8

0.6

0.4

0.2

0

Tepotinib 
gefitinib Chemo

mOS 37.3 m 13 m

HR(90% CI) 0.09(0.01, 0.54)

PFS

OS

Tepotinib+ Gefitinib(phase Ib)  EGFR-mut pts METamp



Part B1 (savolitinib 600 / 300 mg):

Prior third-generation EGFR-TKI

ORR: 21/69 (30%) 

Part B2 (savolitinib 600 / 300 mg):

ORR: 33/51 (65%) 

Part D (savolitinib 300 mg):

ORR: 23/36 (64%)
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TATTON (osimertinib+ Savolitinib)

Ji-Youn Han et al, ESMO Asia 2019

T790M- T790M-

Post-3nd Generation

No prior 3nd-generation 



Novelapproach: bispecificantibodyJNJ-372  
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Drilon A, Clin Cancer Res, 2016

METExon 14 Alteration Biology

ÅResult of MET mutation

Ådisrupt splicing sites (5ô or 3ô)

Åcauses alternative splicing to occur 

and exclusion of MET exon 14

Åhighlights association between 

abnormal splicing and oncogenesis

ÅDecreases MET degradation

Ålack of Y1003-containing region 

ÅŹMET ubiquitination

ÅŷMET on cell surface driving 

oncogenesis



MET exon 14

Alteration Region

MET exon 14

Alteration Type

MET Amp Status
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BiomarkerData Key§

METexon 14 
alteration

region
METexon 14 

alteration type
METamp 

status

Splice donor
Base 

substitution
Detected

Splice 
acceptorϞ

Largeindel
(>35 bp)

UIF

Canonicalϟ Indel ς

Not detected ς
Not

detected

-100

-80

-60

-40

-20

0

20

40

60

80

100

Progressive disease

Stable disease

Partial response

Complete response

*

*Alterations in both splice donor and acceptor regions. ϞIncludes alterations in the Splice Acceptor Region, PolypyrimidineTract, and Branching Point. ϟIncludes METexon 14 alterations that are not associated with 
DNA coding region information. §White space in biomarker data rows indicates no available sample for testing, not analyzable or no results reported. bp, base pairs; UIF, uninformative.

Complete response (CR)

Partial response (PR)

Stable disease (SD)

Progression of disease (PD)

Early death

Indeterminate 

3 (5)

18 (28)

29 (45)

4 (6)

1 (2)

10 (15)

ORR 32% (95% CIϞ: 21, 45)

Updated Antitumor Activity of Crizotinibin PtsWith MET

Exon 14-AlteredNSCLC

Median PFS estimate: 7.3m (5.4, 9.1)

29 May 2018: FDA granted Breakthrough Therapy designation for crizotinib for the treatment of patients with metastatic NSCLC MET exon 14 alterations



AcSétrial (crizotinib), METexon 14 mutation

Abstract ID: #12937. Activity of crizotinib in MET or ROS1 positive (+) NSCLC: results of the AcSé trial. D. Moro-Sibilot

ORR=40%(10 /25 ) [21%-61%]   

mPFS: 3.6 months 95% CI [1.6; 7 months]
mOS: 9.5 months 95% CI [4.1; 13.4months]



ASCO 2019



Efficacy: Tumor shrinkage by line of therapy

44.4% (tissue biopsy)

58.8% (liquid biopsy)

50.0% (tissue biopsy)

70.6% (liquid biopsy)

50.0%

53.3%

61.1%

50%

40.0%

37.5%

53.3%

43.8%

P.K. Paik et al, ASCO 2019

Tepotinib: tumorshrinkageby line of therapy

(Phase II ðVISION Study) 



Efficacy: Progression-free survival

P.K. Paik et al, ASCO 2019

mPFS: 9.5mo mPFS: 10.8mo

Tepotinib: PFS 

11 sept 2019: FDA Breakthrough Therapy Designation for Investigational Therapy Tepotinib in Patients with 

Metastatic NSCLC with METex14 Skipping Alterations



Tumor shrinkage by MET alterations

J.Wolf et al, ASCO 2019

Capmatinib: tumor shrinkage by MET alterations

MET+

Cohort 2/3L Cohort 1L

ORR: 40.6% ORR: 67.9%

Capmatinib: tumorshrinkageper BIRC
(Phase II ïGEOMETRY Trial) 



Progression-free survival per BIRC

mPFS: 5.4mo

mPFS: 9.6mo

J.Wolf et al, ASCO 2019

Capmatinib: PFS per BIRC 

6 Sept 2019, cancer therapy capmatinib (INC280) granted FDA Breakthrough Therapy Designation for pts with MET-

mutated advanced NSCLC



Take Home Message

Gonzalo Recondo, Lowe Center for Thoracic Oncology, Dana-Farber Cancer Institute, USA.

ÅGenomic on-target and bypass mechanisms of 

resistance were frequently found in the setting of 

resistance to MET TKI. 

ÅMET-dependent resistance include single and 

polyclonal kinase domain mutations in frequent 

hotspots (D1228X, Y1230X and L1195X) and high 

levels of MET amplification (type I and II).

ÅGenomic bypass mechanisms of resistance involved 

recurrent gene amplification in EGFR, HER2, HER3 

and MAPK pathway genes (KRAS/BRAF) and KRAS

mutations. 

ÅNovel treatment strategies like sequential MET TKI for 

on-target resistance, and EGFR-MET or MET-MEK dual 

combinations for bypass activation should be explored 

to overcome resistance to MET TKIs.  

Nextstepémechanismsof resistance



MET Y1230C resistance can be overcome with type II 

MET TKIs

MET Y1230C

Crizotinib  PFS 15 months Merestinib Ongoing

Baseline Response Response

Gonzalo Recondo, Lowe Center for Thoracic Oncology, Dana-Farber Cancer Institute, USA.



In summaryfor MET NSCLC

Patients with
METamp

Crizotinib
(ORR:40%) 

2nd line
at resistance?

Savolitinib
(ORR: 54%) (Lu et al, AACR 2019)

Cabozantinib

Capmatinib
(ORR: 47%)

Patients with MET 
exon14-skipping 

mutation

Crizotinib
(ORR:32%, mPFS:7.3mo)

MerestinibGlesatinib

AMG337

Tepotinib
(ORR 1st L:44%, 2nd:L 50%

(mPFS:10.8mo) 

Capmatinib
(ORR 1st L:67%, 2/3nd:40%)

(mPFS1st L:9.6, 2/3nd L: 5.4mo)  

Savolitinib

Tepotinib



Robichauxet al, AACR 2019

HER2 mutations in Ḑ1ï4% 

and HER2 amplifications in 2ï5% 

HER2 mutations occurmainlyin the tyrosine kinase 

domain



Kris et al, Annalsonco2014 

Dacomitiniband Afatinibfor HER2 mutatedNSCLC

Lai et al, EurJ Cancer 2019

ORR: 14%
ORR: 11% (HER2 mut)
0% (HER2 ampl)

Dacomitinib Afatinib



BesseB, et al. Presented at ESMO 2014. Abstract LBA 39

21% ORR 
mPFSof 4 months

Neratinib+/- Temsirolimusfor HER2 mutatedNSCLC 

Neratinib Neratinib+Temsirolimus



JV Heymach, University of Texas MD Anderson Cancer Center, USA

Poziotinibis a selective (mutvs wt) inhibitor of EGFR and HER2 

exon 20 mutations in vitro
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Poziotinib efficacy in HER2 Exon 20 insertion mutant 

NSCLC

Progression-free Survival HER2

(All patients n=13) 

Best response HER2

(Evaluable patients n=12) 

*
* Remains on treatment

* * *
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ORR:50%

mPFS: 5.1mo



52-year, non-smokerpatient, 
adenocarcinomaHER2 exon 20, 
with pulmonarymetastasis:

- cisplatin+pem
- pacliatxel+herceptin
- nivolumab
- paclitaxel+herceptin
- vinorelbine+herceptin

- Poziotinib

Poziotinib
C3Baseline

Toxicitiesgrade 3-п Χ



Activityof the EGFR/HER2 exon 20 inhibitorTAK788 in 

NSCLC

Neal, J et al, IASLC 2018ChouitarJ et al IASLC 2018

ORR: 39%

N=24 pts


