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BRAF MUTATIONS IN NSCLC

1. Barlesi F et al. Lancet 2016;387:1415–1426; 

Asian populations

Western populations



Vemurafenib and Dabrafenib in BRAF mutant NSCLC
VE-Basket trial

20 BRAFV600 NSCLC

ORR: 42%
mPFS: 7.3 mo

AcSé trial

Mazières – WCLC 2018

VemurafenibVemurafenib

Hyman – NEJM 2015

79 BRAFV600 NSCLC

ORR: 43%
mPFS : 5.2 mo

J.Mazieres et al, annals of onco 2020

84 BRAFV600E NSCLC

ORR: 33%
mPFS:5.5mo 

BRF113928 Study

Dabrafenib

D. Planchard et al – lancet Oncol 2016



Kristina M. Ilieva et al, mol cancer therapeutics

MECHANISM OF ACTION FOR DUAL MAPK PATHWAY INHIBITION WITH 
DABRAFENIB + TRAMETINIB TO OVERCOME ERK ESCAPE MECHANISM



BRF113928 STUDY : MAXIMUM CHANGE IN TARGET LESION BY BEST 
CONFIRMED RESPONSE WITH DABRAFENIB + TRAMETINIB

Planchard D et al. Lancet Oncol 2016;17:984–993;

ORR: 68.4% (95% CI 54.8-80.1)

Cohort B (N=57 NSCLC BRAF V600E)

mPFS: 10.8m (7.0-14.5)
Planchard D et al. Lancet Oncol 2017;18:1307–1316

ORR: 63.9% (95% CI 46.2- 79.2) 

Cohort C (N=36 NSCLC BRAFV600E)

mPFS: 10.2m (6.9-16.7)

2ND LINE 1ST LINE



THE SAFETY PROFILE FOR DABRAFENIB, OR DABRAFENIB + 
TRAMETINIB

1. Planchard D et al. Lancet Oncol 2017;18:1307–1316; 
2. Planchard D et al. Lancet Oncol 2016;17:984–993

Category AEs, n (%) All grades Grade 3 All grades Grade 3 All grades Grade 3

General

Pyrexia 23 (64) 4 (11) 26 (46) 1 (2) 30 (36) 2 (2)
Asthenia 4 (11) 1 (3) 18 (32) 2 (4) 25 (30) 3 (4)
Decreased appetite 12 (33) 0 17 (30) 0 24 (28) 1 (1)
Chills 9 (25) 0 13 (23) 1 (2) 13 (15) 1 (1)
Peripheral edema 13 (36) 0 13 (23) 0 – –
Arthralgia 5 (14) 1 (3) 11 (19) 0 14 (17) 1 (1)

Skin

Dry skin 12 (33) 0 15 (26) 1 (2) 19 (23) 0
Rash 8 (22) 1 (3) 12 (21) 1 (2) 17 (20) 1 (1)
Hyperkeratosis – – 6 (10) 1 (2) 25 (30) 1 (1)
Basal-cell carcinoma – – 2 (2) 1 (2) 4 (5) 4 (5)
Squamous-cell carcinoma – – 2 (4) 2 (4) 10 (12) 10 (12)

Skin papilloma – – – – 22 (26) 0

Digestive
Nausea 20 (56) 0 23 (40) 0 23 (27) 1 (1)
Vomiting 12 (33) 3 (8) 20 (35) 0 17 (20) 1 (1)
Diarrhea 13 (36) 1(3) 19 (33) 1 (2) 14 (17) 1 (1)

Dabrafenib + trametinib 
2nd line2

Dabrafenib monotherapy
2nd line2

Dabrafenib + trametinib 
1st line1



The combination of encorafenib plus binimetinib
Encorafenib, Binimetinib, and Cetuximab
in BRAF V600E–Mutated Colorectal Cancer

COLUMBUS: Encorafenib Plus Binimetinib Versus Vemurafenib or 
Encorafenib in Patients With BRAF V600–Mutant Melanoma

S. Kopetz, A et al, NEJM 2019

Reinhard Dummer et al, JCO 2022



Encorafenib plus binimetinib in metastatic BRAF-V600E mutant NSCLC<br /><br />Change from baseline in the sum of diameters of target lesions by 
investigator assessmentaORR: 75%

mDOR:NE
ORR: 46%
mDOR:16.7mo

GJ.Riely et al, ASCO2023, JCO 2023

Encorafenib + Binimetinib in metastatic BRAF-V600E NSCLC
PHAROS Trial (Phase 2 Study)

Treatment naive (n=59) Previously treated (n=39)



Encorafenib plus binimetinib in metastatic BRAF-V600E mutant NSCLC <br /><br />Progression-free survival by IRR

mPFS: 9.3momPFS: NE

PFS by IRR
Treatment naive (n=59) Previously treated (n=39)

GJ.Riely et al, ASCO2023, JCO 2023



Incidence of TRAEs of Any Grade ≥10%

Most frequent genomic alterations identified at baseline:
SETD2 and TP53 (43% each), SMAD4 (21%), ATM, MLL2, CSF1R, SMARCA4 (14% each), and CDKN2A (11%). 
None of these alterations associated with outcome

Tumor molecular alterations in baseline biopsy

GJ.Riely et al, ASCO2023, JCO 2023



PI3K-AKT-mTOR and RAS-RAF-MEK pathways

F. Facchinetti et al, EJC 2020

WES, RNA sequencing (RNAseq) (Illumina Integragen) and comparative genomic hybridisation (CGH) array



OS according to BRAF-mutant ctDNA status or 
concurrent genomic alterations, at PD

S. Ortiz-Cuaran et al. IASLC 2019, CCR 2020

Prospective cohort of 78 BRAF-mutant NSCLC patients (N=208 samples) 



PFS and OS by ctDNA status at the first radiographic evaluation 
(<100 days after start of targeted therapy)

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

(60%)

S. Ortiz-Cuaran et al. IASLC 2019, CCR 2020



IMMUNOTARGET COHORT: Response

Driver PD SD CR/PR

BRAF 46% 30% 24%

MET 50% 34% 16%

KRAS 51% 23% 26%

HER2 67% 26% 7%

EGFR 67% 21% 12%

ALK 68% 32% 0

RET 75% 19% 6%

ROS1 83% 0 17%

TOTAL 57% 24% 19%

IMMUNOTARGET registry (BRAF, n=37 pts)

J. Mazieres et al, Annals of onco 2019



Driver PFS (months)

KRAS 3.2 3.2

EGFR 2.1 2.1

BRAF 3.1

2.9MET 3.4

HER2 2.5

ALK 2.5

2.2RET 2.1

ROS1 -

TOTAL 2.8
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IMMUNOTARGET COHORT: PFS

J. Mazieres et al, Annals of onco 2019
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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

mPFS:1.8 mo (1.4-2.1)
mOS:5.2 m (2.8-18.7)

Response rate: 0%

BRAF non V600 cohort (AcSé Vemu)

J.Mazieres et al, annals of onco 2020



BRAFV600mut NSCLC

D.Planchard et al, annals onco 2018; L.Hendriks et al, 2023



MET Ex14 mutant NSCLC

Awad – JCO PO 2021  * Sabari – Ann Oncol 2018 *Kron – JTO 2021

Clinical characteristics

Median age 75 
years

Never smokers, 
50%

Non-Squamous: ∽ 80%
(Sarcomatoid: 20% METex14)

Squamous: ∽ 10%

METexon 14 skipping mutation

J.Remon et al, JTO 2022

≈2%



MET Agents – A Broad Therapeutic Landscape 

Slide courtesy of Dr. Reguart / J.Remon

CRIZOTINIB
CABOZANTINIB
GLESATINIB (MGCD265)
MERESTINIB (LY2801653)
SAR125844
FORETINIB (GSK1363089)
ELZOVANTINIB (TPX-022)

TEPOTINIB
CAPMATINIB
SAVOLITINIB
BOZITINIB (APL-101)
GLUMETINIB (SCC244)

HGF
FICLATUZUMAB (AV299)
RILOTUMUMAB (AMG-
102)

MET
HLX55

EGFR-MET
AMIVANTAMAB
EMB-01
METx MET
Sym015
UBAMATAMAB (REGN5093)
EMIBETUZUMAB 
(LY2875358)  
EGFR-MET-MET
GB263T

TELISO-V (ABBV-399)
SHR-A1403
TR1801-ADC

MULTI-TARGETED SELECTIVE MONOSPECIFIC POLYSPECIFIC ADCs

MET KINASE INHIBITORS MONOCLONAL ANTIBODIES (MET/HGF)

HGF EGFR



AcSé trial (crizotinib), MET exon 14 
mutation

Profile 1001

Antitumor Activity of Crizotinib MET Exon 14-Altered NSCLC

D. Moro-Sibilot et al, Annal ono 2019Alexander Drilon et al , Nat Med 2020



VISION Study (Tepotinib)
Selective MET Kinase Inhibitor



Xiuning Le et al, CCR 2021

Treatment-naive (n=69) Previously treated (n=83)

ORR: 44.9%
mPFS: 8.5mo 

ORR: 44.6%
mPFS: 10.9mo 

METex14 mutation: Tepotinib
VISION Study (cohort A)



Thomas M, et al. WCLC 2022

METex14 mutation: Tepotinib
VISION Study (confirmatory cohort C) 62.3% 51%

n=161pts
mPFS (Cohort C): 13.8mo

ORR: 54.7%



Intracranial activity of Tepotinib (METex14, VISION trial)

Xiuning Le et al, CCR 2021

5/7 patients
cohort A cohort C



Cohort 4 pretreated N=69pts
Cohort 5B naive

N=28pts

Primary endpoint: ORR by IRC
Allowed:
-stable CNS mets
-asymtomatic CNS mets

J.Wolf et al, NEJM 2020

ORR:41% ORR:68%

J.Wolf et al, ASCO 2021

GEOMETRY Study (Capmatinib)



Capmatinib - PFS per BIRC assessment

mPFS: 5.4 mo
(4.2 to 7.0) 

mPFS: 12.4 mo
(8.2 to could not be estimated)

J.Wolf et al, NEJM 2020

1L2/3 L



Savolitinib 1L – MET Exon14 mutation NSCLC

Shun Lu et al, WCLC 2023

ORR: 60.7%

mPFS: 13.8mo



METex14 tyrosine kinase inhibitors 
Non-Selective Selective TKI 

CRIZOTINIB

PROFILE 1001

CAPMATINIB

GEOMETRY Mono-1

TEPOTINIB

VISION (C) (TBx)
SAVOLITINIB

GLUMETINIB

GLORY

IC50 (nM) 26,5 0.6 3.0 2.1 0.42

Dose 250 mg BID 400 mg BID 500 mg QD 400-600 mg QD 300 mg QD

Line ≥1 1  ≥2 1 ≥2 1 ≥2 1 ≥2

N 69 60 100 161 51 87 42 42 27

RR (%) 32 68.3 44 62.3 51 60.7 40.5 66.7 51.9

DoR (mo.) 9.1 16.6 9.7 NE 12.6 NR 9.7 NE 5.1

PFS (mo.) 7.3 12.4 5.4 15.9 13.8 13.8 6.9 NE 5.7

OS (mo.) 20.5 25.5 13.6 22.7 19.6 NR 19.4 NR NR

Comments
Shorter PFS in 

ctDNA positive at 
baseline

Higher activity in 
1st line  vs. ≥2nd line

The RR regardless
Age, line & type of 
previous therapy

Sarcom. vs. others
RR: 40% vs. 44%
PFS: 5.5 vs. 6.9

Drilon –Nature Med 2020 * Wolf –ELCC 2022 * Wolf – ASCO 2021 * Thomas – WCLC 2022 * Lu – Lancet Resp Med 2021 * Lu – ELCC 2022 * Lu – AACR 2022

2022 2022 (2nd) 2021 2021 (2nd)  2021 

J.Remon Slide



Overview - key adverse events

A.Cortot et al, Clinical Lung cancer 2022



Mattew G.Krebs et al, ASCO 2022

Bispecific mAb anti-EGFR & anti-MET
Amivantamab CHRYSALIS Study Phase 1



ORR: 33%

METex14 mutation: Amivantamab
Bispecific mAb anti-EGFR & anti-MET

CHRYSALIS Study Phase 1
N=97pts

N.B.Leighl et al, WCLC 2023

50%
46%
21%



PFS and OS of amivantamab monotherapy

N.B.Leighl et al, WCLC 2023

mPFS: 5.4mo

mOS: 15.8mo



A.Drilon, WCLC 2023

First line MET TKI therapy appears to be associated with 
higher ORRs and PFS medians



Gonzalo Recondo et al, CCR 2020

Molecular Mechanisms of Acquired Resistance to MET TKIs
Post MET TKIs plasma specimens

Off-target
45%

On-target
35%

Unknown
25%

Ibiayi Dagogo-Jack et al, JTO 2021

Postcapmatinib plasma specimens



A.Drilon, WCLC 2023

MET TKI and resistance mutations



A.Drilon, WCLC 2023

Antibody-based therapeutics may address complex ontarget and 
off-tatget resistance



Attenuated efficacy of ICI in METex14

Awad – JCO PO 2021 * Sabari – Ann Oncol 2018 * Mazières- Ann Oncol 2019 * Guisier – JTO 2020 * Guisier – Clin Lung Cancer 2022  * Mayenga –Lung Cancer 2020

IMMUNOTARGET 

36 MET+ 
ORR: 16%
PFS: 3.4 mo

MSKC cohort

RR not enriched in 
PD-L1 ≥ 50% nor high TMB

147MET+ 
ORR: 17%
PFS: 1.9 mo

GFPC 01-20

30 MET+ & PD-
L1≥50% 
ORR: 43% 
PFS: 3.5 mo

J.Remon Slide



2nd line

L. E. Hendriks, K. Kerr, J. Menis, T. S. Mok, U. Nestle, A. Passaro, S. Peters, D. Planchard, E.F Smit, B. J. Solomon, G. Veronesi& M. Reck, Annals of onco 2023



Alissa J.Cooper et al, JCO 2022Robichaux et al, AACR 2019

HER2 mutations in ∼1–4% 

HER2 mutations occur mainly in the tyrosine kinase domain

HER2 ex20ins



Kris et al, Annals onco 2014 

Dacomitinib and Afatinib for HER2 mutated NSCLC

Lai et al, Eur J Cancer 2019

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

Dacomitinib Afatinib



Poziotinib - HER2 Exon 20 Insertion after Prior Therapies: 
ZENITH20-2 Trial

ORR: 35.1%
N=74 pts

mPFS: 5.5mo
Xiuning Le, et al, JCO 2022



ORR: 43.8%

R.Cornelissen et al, ESMO 2021

POZIOTINIB: First Line HER2 exon 20

mPFS:5.6mo



Ado-Trastuzumab Emtansine (T-DM1) 
in HER2-Mutant Lung Cancers (Phase II Basket Trial)

mPFS: 5 months
(95% CI, 3 - 9 months)

ORR: 44% 
(95% CI, 22% - 69%)

Bob T. Li et al, JCO 2018HER2 immunohistochemistry ranged from 0 to 2+ and did not predict response

N=18pts



N=49pts

Clinical activity of T-DM1 in NSCLC

Li et al, cancer discovery 2020

ORR: 51%

mPFS: 5mo



Differences between T-DXd and T-DM1

First generation
ADCs

Next- generation
ADCs



Patients (N = 85)a HER2 mutation domain location
Extracellular domain
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Prior HER2 TKI therapy 

HER2 gene amplification 

HER2 mutation
(exon and subtype)

54.9%
(95% CI, 44.2-65.4)

Li BT et al, NEJM 2022

Trastuzumab-Deruxtecan (T-DXd)
DESTINY-Lung01



PFS in the overall HER2m NSCLC Population

Median PFS

8.2 months (95% CI, 6.0-11.9)

91 89 74 70 55 49 42 39 32 28 26 25 24 21 21 20 15 13 11 9 7 6 4 3 2 083 2 2 2 2 2 1 12No. at risk:

0 1 3 4 5 6
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1.0

0.8

0.6

0.4

0.2

0.0

2 27 28 29 30 31 32 3326

Overall Population (N = 91)

Bob T.Li et al, ESMO 2022

T-DXd



Baseline C7D1

NSCLC adenocarcinoma HER2-insertion in exon 20
- Lymph node metastases, adrenal glands, hepatic, spleen, brain, bone...
- 1st line carboP-pemetrexed and 2nd line pembrolizumab

D.Planchard, Throacic Group, Gustave Roussy, 2022

T-DXd



Drug-related TEAEs Reported by Investigator
Patients 
(N = 91)

n (%) Any grade Grade ≥3
Patients with ≥1 drug-related 
TEAEs 88 (96.7) 42 (46.2)

Drug-related TEAEs with ≥20% incidence in all patients
Nausea 66 (72.5) 8 (8.8)

Fatiguea 48 (52.7) 6 (6.6)

Alopecia 42 (46.2) 0

Vomiting 36 (39.6) 3 (3.3)

Neutropeniab 32 (35.2) 17 (18.7)

Anemiac 30 (33.0) 9 (9.9)

Diarrhea 29 (31.9) 3 (3.3)

Decreased appetite 27 (29.7) 0

Leukopeniad 21 (23.1) 4 (4.4)

Constipation 20 (22.0) 0

Li BT et al, NEJM 2022

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Any Grade

n (%) 3 (3.3) 15
(16.5%) 4 (4.4) 0 2 (2.2) 24

(26.4%)

Drug-Related ILD/Pneumonitis

Median time to onset of first reported drug-related ILD/pneumonitis:141 days (range, 14-462 days)
with a median duration of 43 days (95% CI, 24-94 days)



DESTINY-Lung02 (HER2 mut)

Goto K et al, ESMO 2022



Trastuzumab Deruxtecan in Patients With HER2-Mutant Metastatic NSCLC: 
Primary Results of DESTINY-Lung02

P.A.Janne et al, WCLC 2023 – JCO2023

12.9% 28%
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Responses observed regardless of HER2 mutation type, HER2 amplification status, and number or type of prior therapies

P.A.Janne et al, WCLC 2023 – JCO2023

ORR (5.4mg/Kg): 49% ORR (6.4mg/Kg): 56%
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DESTINY-Lung01 and -02

Measurable BM at Baseline

David Planchard, MD, PhD

T-DXd 5.4 mg/kg
DL-02

BM
n = 14

Pooled T-DXd 6.4 mg/kg
DL-01 HER2m/DL-02

BM
n = 30

IC-cORR, n (%)a 7 (50.0) 9 (30.0)
95% CIb 23.0-77.0 14.7-49.4
CR 3 (21.4) 0
PR 4 (28.6) 9 (30.0)
SD 6 (42.9) 13 (43.3)
PD 1 (7.1) 4 (13.3)
NEc 0 2 (6.7)
Missing 0 2 (6.7)

IC-DCR, n (%)a 13 (92.9) 22 (73.3)
95% CIb 66.1-99.8 54.1-87.7

IC-DoR, monthsd

Median, (95% CI)e 9.5 (3.6-NE) 4.4 (2.9-10.2)

12/14 (86%) patients with measurable BM receiving 
T-DXd 5.4 mg/kg and 21/27 (78%) in the pooled 

6.4 mg/kg group experienced a reduction in brain lesion 
size from baseline as their best overall response

IC Objective Response Rates & Best Overall Response (BICR)
T-DXd 5.4 mg/kg

n = 14

Pooled T-DXd 6.4 mg/kg
n = 27c
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FDA and EMA approval
First drug approved for HER2-mutant NSCLC
On August 11, 2022, the FDA granted accelerated approval to fam-trastuzumab deruxtecan-
nxki for adult patients with unresectable or metastatic NSCLC whose tumors have 
activating HER2 (ERBB2) mutations, and who have received a prior systemic therapy. 

September 2023, Enhertu as monotherapy is indicated for the treatment of adult patients with 
advanced NSCLC whose tumours have an activating HER2 (ERBB2) mutation and who require 
systemic therapy following platinum-based chemotherapy with or without immunotherapy.



BEAMING Lung-1, Phase I of ZONGERTINIB (BI 1810631), in 
pts with HER2 aberrations

N. Yamamoto et al, WCLC 2023

ORR: 50%

N=34pts



Antitumor activity in Phase Ib - ZONGERTINIB (BI 1810631)

N. Yamamoto et al, WCLC 2023



Early evidence of efficacy in pts with HER2 exon20ins in 
phase I with BAY292088

Herbert H.Loong et al, ESMO 2023

HER2ex20ins

EGFR/other HER2



Herbert H.Loong et al, ESMO 2023

N=20ptsN=69pts

ORR: 60%



Herbert H.Loong et al, ESMO 2023





2nd line

L. E. Hendriks, K. Kerr, J. Menis, T. S. Mok, U. Nestle, A. Passaro, S. Peters, D. Planchard, E.F Smit, B. J. Solomon, G. Veronesi& M. Reck, Annals of onco 2023



Treatment

Molecular
profiling

Diagnostic
workup

Patient
selection

1. Multidisciplinary discussion to determine optimal procedure for tissue procedure
2. Biopsy
3. Morphology

4. Review of patient and tumour data

Integrated NGS-based assay to detect mutations, amplifications, and translocations

EGFR METROS1 RETBRAF NTRK1/2/3 KRASG12C

Gefitinib, 
erlotinib, afatinib, 
dacomitiinb
osimertinib

Therapy switch/combination based on re-biopsies or liquid therapy

Neratinib+/-
Temsirolimus
Afatinib
Dacomatinib
Poziotinib
Pyrotinib
TAK-788
Trastuzumab
TDM-1
Trastuzumab-
Deruxtecan
Zongertinib
BAY292088

Crizotinib

Entrectinib
Ceritinib
Lorlatinib
Repotrectinib
Taletrectinib
NVL-520

Cabozantinib
Vandetanib
Sunitinib
Lenvetanib
Alectinib
Ponatinib
Selpercatinib
Pralsetinib
TPX-0046
LOXO-26°
TAS0953
EP0031
APS03118

Dabrafenib
+ trametinib
Vemurafenib
Encorafenib
+Binimetinib

Entrectinib
Larotrectinib
Selitrectinib
Repotrectinib
Taletrectinib
ICP-723

Sotorasib
Adagrasib
JNJ746

HER2

ALK

Crizotinib
Cabozantinib
Capmatinib
Tepotinib
Savolitinib
Merestinib
Glesatinib
Amivantamab

Crizotinib
Alectinib
Ceritinib
Brigatinib
Lorlatinib
TPX-0131
NVL-655

Afatinib
Seribantumab
Zenocutuzumab

❶

❶

❶

❶

❶

❶

❶

❶

❶

GREAT ADVANCES HAVE BEEN MADE IN LUNG CANCER THERAPY
FOR BRAF, MET AND HER2…

Personalised therapy in advanced-stage NSCLC

❶ EMA approved

NRG1

❶

NRG1

Zenocutuzumab
Seribantumab

❶

❶

❶

❶

❶

❶v
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