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HER2-mut in lung ADC 

 
 Present in 1.6% of  671 NSCLC tumors 

 

 HER2-mut involve in-frame insertions/duplications in exon 20, mostly between 

codon 774 and 779 

 

 In 394 ADC cases, HER2-mut more common in Oriental ethnicity (3.9%) vs 

other ethnicities (0.7%), female (3.6%) vs male (1.9%) and never smokers 

(4.1%) vs smokers (1.4%) 

 

 Mutations in EGFR, HER2, and KRAS never present together in the same 

tumor 

 

 Shigematsu Cancer Res 05  
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• HER2-mut(HER2YVMA): drives rapid development of adenosquamous lung 

tumors in mice 
 

 

Perera PNAS 2009 

HER2, a driver mutation 
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Driver mutations in lung ADC from East Asian 

never smokers 

Li PLoS One 11 
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Frequency of driver mutations in 349 lung ADC from 

female never-smokers 

Zhang CCR 2011 
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- Independent predictors of EGFR-mut, older age and acinar predominant subtype 

- Independent predictors of  HER2-mut, younger age and invasive mucinous ADC 
 

Zhang CCR 2011 

Frequency of driver mutations in ADC from female never-smokers 
varies with histologic subtypes and age at diagnosis 
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Clinicopathologic characteristics  

of pts with HER2 insertions in NSCLC 

 Of 1875 NSCLCs examined, 35 (1.9 %) had HER2 insertion 

 

 Compared with the HER2 insertion-negative group, pts with HER2 

insertions:  

 More likely to be never smokers (97.1 %, 34/35 pts, P < 0.001) 

 Significantly associated with female (91.4 %, 32/35 pts, P < 0.001) and ADC 

(91.4 %, 32/35 pts, P = 0.01) 

 Tend to be no more than 60 years of age (71.4 %, 25/35 pts, P = 0.051) 

Bu Ann Surg Oncol 16 
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Genomic testing for NSCLC 

Cardarella JTO 12 
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Copyright © 2016 American Medical 

Association. All rights reserved. 

From: Using Multiplexed Assays of Oncogenic Drivers in Lung Cancers to Select Targeted Drugs 

JAMA. 2014;311(19):1998-2006. doi:10.1001/jama.2014.3741 

Oncogenic Drivers Identified and Targeted Treatments Received for Patients With Any and Full Genotyping 

Table Title:  
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Molecular Tumor Board in NSCLC to optimize targeted therapies:  

4-yr experience at Gustave Roussy: gene panel  

 108 selected exons from 38 genes analyzed by Sanger sequencing 
EGFR, KRAS, HER2,4, BRAF, PI3CA, PIK3R1, TP53, CDK4, CDKN2A, cKIT, PDGFRA, 
MET, FGFR2-4, FCGR2A,3A, FLT3, CTNNB1, GNAS, HRAS, NRAS, KDR, PDPK1, 
TOP1,2A, ERCC1, FBXW7, TSC2, PTEN, AKT1-3, MAP2K1-2, STK11, ALK 

 Started Feb 2012, NGS, 74 gene panel : 

 
Gene RefSeq Exons Panel Gene RefSeq Exons Panel Gene RefSeq Exons Panel

ABL1 NM_007313.2 4 à 7 CHP2 FGFR4 NM_002011.3 2 to 18 SAF02 NF1 NM_001042492.2 1 to 58 SAF02

AKT1 NM_005163.2 3&6 SAF02 + CHP2 FLT1 NM_002019.4 1 to 30 SAF02 NFE2L2 NM_006164.3 2 SAF02

AKT2 NM_001626.3 3 SAF02 FLT3 NM_004119.211-14-16-20 CHP2 NOTCH1 NM_017617.3 24-27&34 SAF02 + CHP2

AKT3 NM_005465.3 3 SAF02 GNA11 NM_002067.2 5 CHP2 NOTCH2 NM_024408. 34 SAF02

ALK NM_004304.3 20 to 26 SAF02 + CHP2 GNAQ NM_002072.3 5&8 CHP2 NOTCH4 NM_004557.3 1 to 30 SAF02

APC NM_000038.516 (partiel) CHP2 GNAS NM_000516.4 8&9 CHP2 NPM1 NM_002520.6 12 CHP2

ATM NM_00005.38-9-12-17-26-34à36-39-50-54-59-61-63CHP2 HNF1A NM_000545.5 3&4 CHP2 NRAS NM_002524.3 2 to 4 SAF02 + CHP2

BRAF NM_004333.4 11&15 SAF02 + CHP2 HRAS NM_005343.2 2 to 4 SAF02 + CHP2 PDGFRA NM_006206.412-14-15&18 SAF02 + CHP2

BRCA1 NM_007294.3 2 to 23 SAF02 IDH1 NM_005896.2 4 CHP2 PIK3CA NM_006218.22-5-7-8-10-14-19-21SAF02 + CHP2

BRCA2 NM_000059.3 2 to 27 SAF02 IDH2 NM_002168.2 4 CHP2 PIK3R1 NM_181523.110-12-14&15 SAF02

CDH1 NM_004360.2 3-8-9 CHP2 INPP4B NM_003866.2 5 to 27 SAF02 PPP2R1A NM_014225.5 5&6 SAF02

CDKN2A NM_00077.4 2 CHP2 JAK2 NM_004972.3 14 CHP2 PTEN NM_000314.4 1 to 9 SAF02 + CHP2

CSF1R NM_005211.3 7&22 CHP2 JAK3 NM_000215.3 4-13-16 CHP2 PTPN11 NM_002834.3 3&13 SAF02 + CHP2

CTNNB1 NM_NM 3 SAF02 + CHP2 KDR NM_002253.2 1 to 30 SAF02 + CHP2 RB1 NM_000321.24-6-10-11-14-17-18-20à22-CHP2

DDR2 NM_001014796.14 to 19 SAF02 KEAP1 NM_203500.1 2 to 6 SAF02 RET NM_020975.410-11-13-15-16 SAF02 + CHP2

EGFR NM_005228.33-7-12-15-18to21SAF02 + CHP2 KIT NM_000222.22-9à11-13-15-17-18SAF02 + CHP2 ROS1 NM_002944. 38 SAF02

ERBB2 NM_004448.2 8-19to21 SAF02 + CHP2 KRAS NM_033360.2 2 to 4 SAF02 + CHP2 SMAD4 NM_005359.5 3à6-8à12 CHP2

ERBB3 NM_001982.3 1 to 28 SAF02 MAP2K1 NM_002755.3 2&3 SAF02 SMARCB1 NM_003073.2 2-4-5-9 CHP2

ERBB4 NM_005235.23 to9-15&23 SAF02 + CHP2 MAP2K4 NM_003010.2 1 to 11 SAF02 SMO NM_005631.4 3-5-6-9-11 CHP2

EZH2 NM_004456.4 16 CHP2 MAP3K1 NM_005921.1 1 to 20 SAF02 SRC NM_005417.3 14 CHP2

FBXW7 NM_033632.2 2 to 12 SAF02 MET NM_001127500.12 (partiel)-11-14-16 to 19SAF02 + CHP2 STK11 NM_000455.4 1 to 9 SAF02 + CHP2

FGFR1 NM_023110.24-7-12-14&15 SAF02 + CHP2 MLH1 NM_000249.3 12 CHP2 TP53 NM_000546.4 1 to 11 SAF02 + CHP2

FGFR2 NM_000141.4 7-9-12&14 SAF02 + CHP2 MLL3 NM_170606.2 8-9&43 SAF02 TSC1 NM_000368.4  1 to 23 SAF02

FGFR3 NM_000142.47-9-14-16&18 SAF02 + CHP2 MPL NM_005373.2 1 CHP2 TSC2 NM_000548.3 2 to 42 SAF02

MTOR NM_004958.3  1 to 58 SAF02 VHL NM_000551.3 1 to 3 SAF02 + CHP2

David Planchard IASLC 2015 
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Baseline characteristics  
(n=502 pts, from 02/2010 to 09/2014) 

 

David Planchard IASLC 2015 
 

N (%) 

Sex , Male    264 (53%)   

Median age, years (range) 60 (25-88)   

Caucasian   431 (86%)   

Smoking status, %  Never smoker 131 (26%)   

ECOG PS,  0-1                           411 (92%) 

Histology  

    Adenocarcinoma  
    Squamous Cell Carcinoma 

 

399 (79%)   
51 (10%)   

Number of line of treatment before RCPM  

Median (Range)  

    0 

    1  
    ≥2  

 

                         1 (0 -10)  

                         76 (15%)  

272 (55%)   
149 (30%)  

Tissue for molecular analysis 

    Endoscopy  

    Surgery 
    Biopsy transparietal  

 

81 (16%)   

108 (21%)   
311 (62%)   

Origin of Biopsy  

    Primitive  
    Metastases 

 

345 (69%)   
155 (31%)   
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Most frequent molecular abnormalities 

(pts with at least one molecular abnormality) 

KRAS

EGFR

ALK

BRAF

PI3KCA

FGFR1

MET

HER2ampl

HER2mut

Rare mutations

KRAS 32% 

EGFR  24% 
Exon 19/19/20/21 
2/14/4/7% 

ALK 11%  

BRAF 5% 

PI3KCA 3% 

HER2 mut (Exon 20) 2% 
HER2 ampl 2% 

FGFR1 amp 3% 

MET ampl 2% 

Rare mut 27% 

David Planchard et al, IASLC 2015 
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11723 pts 

tested for 

HER2, 98 

HER2-mut 

(1%) 



EUROPEAN LUNG CANCER CONFERENCE 2016 



EUROPEAN LUNG CANCER CONFERENCE 2016 

HER2-mut / amplification in lung ADC 

 In 560 ADC samples EGFR and KRAS wt, 25 cases HER2-mut (5%) 

 

 

 

 

 

 

 

 

 

 

 

 

 HER2 by FISH analyzed in 11/25 cases, none had HER2 amplification 

Arcila CCR 12 
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HER2 amplification and HER2-mut, distinct molecular 

targets in lung cancer 

 
 Tumor specimens from 175 pts with lung ADC evaluated for HER2 

amplification and mutation 

 

 HER2 amplification by FISH in 5 of 175 cases (3%) 

 

 HER2-mut in 4 of 148 specimens (3%) 

 

 None of the HER2-mut cases was amplified 

 

Li JTO 15 
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HER2 amplification: potential mechanism of AR in 

EGFR-mut NSCLC 

 Yu CCR 13 

 HER2 amplification in 3/24 (13%) pts with AR, no HER2-mut detected   

 

 Oxnard IASLC 15 

 Majority of cases with resistance to osimertinib maintain T790M at resistance, at 

times acquiring  C797S-mut 

 Loss of T790M at PD may be mediated by overgrowth of a competing resistance 

mechanism e.g. HER2, BRAF, MET 

 

 Planchard Ann Oncol 15 

 HER2 and MET amplification as mechanism of AR to osimertinib; this event 

occurred with loss of the T790M-mut. Pt with HER2 amplification started 

paclitaxel/ trastuzumab with SD 
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HER2 in NSCLC  

potential therapeutic approaches 

 Trastuzumab 

 Dacomitinib  

 Neratinib 

 Afatinib 
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HER2 in NSCLC, trastuzumab 

 

 HER2-mut pt responded to trastuzumab/paclitaxel (Cappuzzo NEJM 06) 

 

 Lung cancer pts with HER2-mut; results from the European EUHER2 cohort 
(Mazières Ann Oncol 15): 

 101 pts from 38 centers: median age 61 yrs, 62.4% women, 60.4% 

never-smokers, all tumors ADC 

 Median OS, 24 mo 

 65 pts received HER2-targeted therapies: trastuzumab = 57, neratinib = 

14, afatinib = 9, lapatinib = 5, T-DM1 = 1  

 ORR 50.9% and PFS 4.8 mo with trastuzumab 
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HER2 in NSCLC, dacomitinib 

• 30 pts with HER2 alterations treated with dacomitinib 

 

 26 pts with HER2-mut, all in exon 20 including 25 insertions and 1 

missense mutation)  

o 3 PR (12%) 

o Median OS 9 mo 

 

 4 pts with HER2 amplification, no responses 

 

 
 

 

 

 

 

 

Kris Ann Oncol 15 
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HER2 in NSCLC, neratinib 

 
 Potential synergistic effect of combined HER2 and mTOR inhibition in 

preclinical models of HER2-mut NSCLC 

 

 Phase I neratinib/temsirolimus, 7 NSCLC pts with HER2-mut (2 previously 

treated with trastuzumab): 2 PR / no PD (Gandhi JCO 14) 

 

 Stage I of a 2-stage phase II comparing neratinib with/without temsirolimus 

in NSCLC pts with HER2-mut (Besse ESMO 14) 

 13 pts received neratinib, 14 pts neratinib/temsirolimus 

 Neratinib arm: 54% SD / 46% PD; PFS 2.9 mo 

 Neratinib/temsirolimus: 21% PR / 79% SD; PFS 4.0 mo 
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HER2 in NSCLC, afatinib 

 PR in 3 / 3 evaluable pts with HER2-mut (De Grève Lung Cancer 12) 

 

 Phase II including 3 cohorts; 7 pts with HER2-mut, disease control 

achieved in 71% (De Grève Lung Cancer 15) 

 

 Case report of HER2-mut lung cancer with exon 20 YVMA insertion  

(p.A775_G776insYVMA) with durable PR to afatinib (Li Lung Cancer 15) 
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Pulse afatinib for HER2 exon 20 insertion-mut lung ADC 

 HER2 exon 20 insertion-mut lung cancer cell line had a 50% inhibitory 

concentration in response to afatinib, higher than the reported plasma 

concentration of afatinib at 40 mg daily 

 

 3 pts with advanced HER2-mut lung ADC treated with off-label pulse of afatinib 

 280-mg weekly dose well tolerated, no rash reported, minimal diarrhea 

 One TKI-naive pt achieved PR for 5 mo and another achieved SD for 11 mo 

 

 Future clinical trials of alternative dosing schemes of ERBB TKIs as monotherapy 

or in combination with other therapies warranted for HER2-mut tumors 

Costa JTO 16 
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 RR in HER2-mut pts treated prospectively with HER2 inhibitors, seems 
lower to that observed in other oncogenic-driven subsets 

 

 Other predictive markers? 

 Insertions vs other 

 p95HER2 

 

 Ongoing treatment strategies 

 Neratinib/temsirolimus combination, further study 

 TDM1 phase II trial (HER2 by IHC) 

 Afatinib phase II ETOP trial  

 

 

 

 
 

HER2 in lung cancer, next steps 
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Afatinib in pretreated patients with advanced NSCLC harbouring HER2 exon 

20 mutations 

Trial Design 

 

ETOP Annual Meeting Zürich, 13 & 14 Nov 2015 – ETOP 7-14 
NICHE 

Stage 
IIIB / IV
NSCLC, 
pretreated

HER2
mutation
confirmed

locally

CT T&A
CT or MRI brain

Trial treatmentScreening, eligibility
and enrolment

Afatinib 40mg daily p.o. 
until PD or unacceptable toxicity

CT week 20, then every 8 weeks until PD

For 6 months
after enroll-
ment of last 
patient

Progression Follow up

……. …….

CT 
week 6

CT 
week 12

Sample: 22 pts (screening ~1100 patients) 

Primary endpoint: disease control (CR/PR/SD)  at 12 wks 
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Central Confirmation of HER2 Mutation 

ETOP Annual Meeting Zürich, 13 & 14 Nov 2015 – ETOP 7-14 
NICHE 

Validated Next Generation Sequencing test for multiple driving aberrations 

 - To confirm the presence of HER2 mutations 

 - To assess of exclusivity of these mutations with other driving events and   

 explain possible primary resistance mechanisms 
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Potential association of p53-mut with concurrent EGFR/HER2 aberrations? 
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New molecular targets of interest: HER2 

Summary 

 HER2-mut, largely exon 20 in-frame insertions  in 1-4% of ADC 

 

 HER2 deregulation, either by protein overexpression or gene amplification, 

little clinical relevance to date 

 

 No clear treatment recommendations: 

 Trastuzumab/CT, promising results in retrospective experiences 

 Trastuzumab-emtansine, pertuzumab no available data, to date 

 Afatinib, neratinib/temsirolimus, phase I- II trial data suggest some 

activity  
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Biomarkers in lung ADC 

 

• EGFR-mut, ALK and ROS1 should be tested in advanced NSCLC pts with 

non-squamous histology 

 

 Genotyping of stage IV ADC should include HER2 

 

 Implementation of genomic profiling in stage IV ADC patients / international 

umbrella trials 
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Thanks!!! 

efelip@vhebron.net 


