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Symposium Objectives:

• To highlight the clinical importance of molecular identification of EGFRex20ins in NSCLC  

• To reflect on the recent evidence on the treatment of NSCLC with EGFRex20ins

• To demonstrate the limitation of molecular identification of EGFRex20ins by conventional 
methodologies (ie. PCR)

• To demonstrate the opportunities and challenges of identifying patients with 
EGFRex20ins by next generation sequencing (NGS)
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Personalized medicine is the cornerstone of Lung Cancer Treatment

Howlander et al NEJM 2020
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Common EGFR

ALK

ROS1
BRAF
MET

EGFR ex20 
insertion

Why?
• It is a rare mutation
• EGFR ex20 ins are “TKI resistant”
• Approved EGFR PCR tests (more intended to 

capture common EGFR) can also detect EGFR 
exon 20 insertion

No harm in missing a case of EGFR exon 20ins?
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EGFR exon 20 insertion is not rare in Asia!

Frequency of EGFR Mutations in NSCLC1

1. Oncol Rep. 2017 Mar; 37(3): 1347–1358; 

2. Arcila ME. Mol Cancer Ther. 2013;12(2):220-229

EGFR exon 20 ins is the 3rd most prevalent type of 

primary EGFR mutation in NSCLC
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Amivantamab and Mobocertinib are approved for 
patients with NSCLC harbouring EGFR ex20 ins 

Mobocertinib Amivantamab
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PAPILLON: Phase 3 Study Design

Amivantamab-Chemotherapy 
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Dosing (in 21-day cycles)

Amivantamab: 1400 mg (1750 mg if ≥80 kg) for the first 4 weeks, then 

1750 mg (2100 mg if ≥80 kg) every 3 weeks starting at week 7 (first day 

of cycle 3)

Chemotherapy on the first day of each cycle:

• Carboplatin: AUC5 for the first 4 cycles

• Pemetrexed: 500 mg/m2 until disease progression

Optional crossover to 2nd-line 

amivantamab monotherapye

Primary endpoint: Progression-free survival 

(PFS) by BICR according to RECIST v1.1c

Secondary endpoints: 

• Objective response rate (ORR)c

• Duration of response (DoR)

• Overall survival (OS)c

• PFS after first subsequent therapy (PFS2)

• Symptomatic PFSd

• Time to subsequent therapyd

• Safety

Key Eligibility Criteria

• Treatment-naïve,a 

locally advanced or 

metastatic NSCLC

• Documented 

EGFR Exon 20 

insertion mutations

• ECOG PS 0 or 1

Stratification Factors

• ECOG PS

• History of brain 

metastasesb 

• Prior EGFR TKI usea

Girard et al. ESMO 2023
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Gene Targeted 

Therapy

Median PFS ORR Ref

EGFR Gefitinib 10.9m 71% Mok et al NEJM 2009

ALK Crizotinib 10.9m 74% Solomon et al NEJM 2014

BRAF V600E Dabrafenib + 

Trametinib

10.2m 64% Planchard et al. JTO 2022

MET ex14 Tepotinib 8.5m 46% Paik et al. NEJM 2020

ERBB2 ex20 Trastuzumab 

Deruxtecan

8.2m 55% Li et al NEJM 2022

EGFR ex20ins Amivantamab + 

Chemotherapy

11.4m 73% Girard et al. ESMO 2023

Targeted therapy efficacy in different driver oncogenes
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The field of EGFR exon 20ins is advancing rapidly

De Langen et al WCLC 2023
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Any harm in missing EGFR ex20ins NSCLC?

70yo/F, non-smoker
p/w massive pleural effusion
Cytology: TTF1+ adenocarcinoma

Multiplex PCR: EGFR/ALK/ROS1/BRAF/MET/RET/KRAS -ve
PD-L1 TPS (22C3): 60% CM722 – nivolumab+chemo vs chemo. Mok 

et al. ESMO Asia 2022

KN789 – pembrolizumab+chemo vs chemo. 

Yang et al ASCO 2023

1st line: Pembrolizumab monotherapy
Further disease progression after 3 cycles

NGS testing: EGFR exon 20 H773_V774dup

Switched to 2nd line chemotherapy → responded 
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Call for EGFR exon 20 insertion testing in NSCLC

• Its not uncommon! (more common than ROS-1, RET, BRAF V600E…)

• There is approved targeted therapy 

• Moving EGFR exon 20ins targeted therapy to the 1L setting 

• May harm patients in missing EGFR exon 20 ins – offering immunotherapy 

inappropriately

Take Home Message
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Molecular tissue testing for NSCLC for EGFRex20ins 
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Frequency of oncogene-driven genes in NSCLC patients of Asian and 
Caucasian

Oncol Rep, 2017

• Asians display a 40-55% 
prevalence of EGFR 
mutation. 

• This elevated frequency 
underscores the critical 
importance of EGFR testing 
in Asian NSCLC patients, 
emphasizing tailored 
treatment approaches for 
this population.

• Furthermore, when adjuvant 
TKI therapy is considered for 
NSCLC at an early stage, we 
need to test for EGFR 
mutations as well.
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Molecular biomarker analysis : Testing methodologies

▪ NGS

•  Broad-based genomic testing approaches that efficiently utilize limited biopsy tissue while 

maximizing diagnostic genomic information are most commonly NGS-based.

▪ PCR (RT-PCR, real-time PCR, digital PCR)

• Only those specific alterations that are targeted by the assay are assessed and the potential for 

mutations outside of the testing scope of the specific assay must be considered.

▪ Sanger sequencing

• Requires the greatest degree of tumor enrichment

• Not appropriate for assays in which identification of subclonal events (eg, resistance mutations)
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Summary of testing methods used by participating laboratories

BMC Cancer 22, 2022

• The most frequently used testing strategy was Real-Time PCR (51%) :            
cobas® EGFR Mutation Test v2 (Roche) was the most common test (27%).

 

• NGS represented the next most common testing strategy used by 
participating laboratories (27%).

EGFR testing methods among 264 laboratories from 45 countries
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Lung Cancer 2023;175: 47-56

▪ A cross-sectional medical chart review was completed May–August 2020 in Australia, 
Canada, Germany, Italy, South Korea, Taiwan, UK, and USA.

▪ 1,793 patients with advanced (stage IIIb/IIIc/IV) NSCLC 

▪ 78 % of EGFRm test results were received ≤ 2 weeks (7-14d) from order to result

▪ Median time from Dx to EGFRm test result : 18 d(10–22 d)

▪ 37 % of patients received a systemic treatment prior to EGFRm result; 
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Time from EGFR mutation test request to receipt of test result in patients with NSCLC 

Lung Cancer 2023;175: 47-56

Time from EGFRm test request to receipt of test result 
in patients with NSCLC

Single gene test vs. Panel test

Real world EGFR testing patterns

It took 7 to 14 days to get the results after 
requesting the test. While panel and single gene tests are equally 

prevalent in other countries, Korea and Taiwan 
are more likely to perform single gene tests.
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EGFRex20ins are the third most common type of EGFR mutation

• Detected following EGFR exon 19 deletions (47%) and EGFR L858R (32%).

• CGP performed on 14,483 NSCLC cases in the course of clinical care identified 2251 cases with EGFR mutations.

• 263 of these cases were EGFRex20ins, representing 12% of all EGFR-mutant NSCLC and 1.8% of all NSCLC cases tested.

J Thoracic Oncology 2018: 13; 1560
Nat Rev cancer 2007: 7(3); 169 7



• In EGFR exon 20, in addition to p.T790M 
mutation, in-frame insertions and 3–21-bp 
duplications (corresponding to 1–7 amino acid) 
can occur within amino acids 762 and 774. 

• At least 122 different EGFR exon 20 insertions 
have been identified, with ~90% occurring in 
the region comprising amino acids 766–775. 

• Different insertion sites are associated with 
differing disease phenotypes and patient 
characteristics, sensitivity to current therapies 
and, potentially, tumour immunogenicity. 

EGFR gene and protein domain organization and summary of exon 20 ins 

Nat Rev Clin Oncol . 2022 Jan;19(1):51-69. 8



• A recent guideline lists 
several specific mutation 
variants of EGFR based on 
the therapeutic value of 
each variant.

EGFR mutation testing in NSCLC 2023
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EGFR exon20 insertion : Patient characteristics

Annals of Oncology. 2022;33:S56. doi: 10.1016/j.annonc.2022.02.059.
10



Exon20 starts 762E 

Signal Transduction and Targeted Therapy  (2019)

• Heterogenous at the molecular 
level 

• Inframe insertions or duplications 
of 3~21 bp (761~775 aa of the EGFR)

• Diverse report of incidence: 1-10%

EGFR exon 20
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Gazdar AF, Minna JD (2005)  PLOS Med

C-helix :  761-766

Exon20 : 762-823

EGFR exon 20

12



• Over 100 different EGFR exon 20 
insertion mutations have been 
reported in NSCLC

• The majority are composed of 1 to 4 
AA insertions located in the loop 
following the C-helix

Crit Rev Oncol Hematol. 2022 Jan:169:103536. 

Heterogeneity of EGFR exon20 insertion mutations in NSCLC
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cobas® EGFR Mutation Test v2

p.V769_D770insASV 

p.D770_N771insSVD 

p.D770_N771insG

p.H773_V774insH 

EGFR exon20 insertion

14



Only three diagnostic products are CDx for Exon20 insertion mutations

Diagnostic name Method Drug Biomarker

• Oncomine Dx Target Test Amplicon NGS Rybrevant(amivantamb) Exon 20 insertion mutations 

• Guardant360 CDx Hybridization NGS Rybrevant(amivantamb) Exon 20 insertion mutations 

• FoundationLiquid CDx Hybridization NGS Exkivity (mobocertinib) Exon 20 insertion mutations 

• Cobas EGFR Mutation Test v2

• FoundationOne CDx

• ONCO/Reveal Dx Lung & Colon Cancer Assay

• therascreen EGFR RGQ PCR Kit

Exon 19 deletion or exon 21 L858R substitution mutation

T790M mutation 

EGFR exon20 insertion CDx
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CAP EGFR-B 2022 Surveys and Anatomic Pathology Education Programs

EGFR exon20 insertion Testing: RWD

16



cobas® EGFR Mutation Test v2 – Potential for false positive results

38
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SMC (2022) Cobas ddEGFR/Sanger

E20ins only 50 33 

E20ins + L858R
E20ins + E19del

36 0

Speaker’s data 
18



HETEROGENEITY OF EGFR EXON 20 INSERTION 
MUTATIONS IN NSCLC

Over 100 different EGFR exon 20 insertion muts have been reported in NSCLC and the 

majority are composed of 1 to 4 AA insertions located in the loop following the C-helix

Meador CB, et al. Cancer Discovery 2021
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EGFR EXON20 INSERTION NOMENCLATURE

Yoon-La Choi

D770_S771 ins SVD

S767_S768 ins SVD

S768_D770 dup 

When SVD is newly inserted, 
how should it be named?

22



For all descriptions, the most C-terminal 

position possible of the reference sequence is 

arbitrarily assigned to have been changed

https://varnomen.hgvs.org/recommendations/protein/variant/duplication/

D770_N771>ASVDN

J Thorac Oncol. 2018 Oct;13(10):1560-1568

D766_V767insASV

D766_V767>MASVA

N769_P770insASV

A protein's structure, however, is affected by those at 

the back. Therefore, in the case of duplication, it 

should be marked as inserted in the back, i.e., 3', not 

the front.

HGVS nomenclature : 3’ RULE
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3’ RULE 

For all descriptions, the most C-terminal 

position possible of the reference sequence is 

arbitrarily assigned to have been changed

https://varnomen.hgvs.org/recommendations/protein/variant/duplication/

p.A767_V769dup

D766_V767insASV

D766_V767>MASVA

N769_P770insASV

D770_N771>ASVDN

The repeated amino acid is denoted by 

the number and is denoted as dup.

The role that affects is the piece inserted 

above, so in this case, it should be located 

in 769, not in 767.

24



EGFR EXON20INS

cobas® EGFR Mutation Test v2

p.S768_D770 dup 

p.V769_D770insASV 

p.D770_N771insSVD 

p.D770_N771insG

p.H773_V774insH 

p.A767_V769dup

p.H773dup

25



Frequencies of different EGFR ex20ins 

Qin Y, et al. Mol Oncol. 2020;14(8):1695-1704. 

Out of 547 Chinese patients with NSCLC, a total of  85 unique EGFR exon20ins variants were identified

p.A767_V760dup

p.S768_D770dup 

p.D770>GY

p.D770delinsGY 

EGFR exon20 insertion mutations are highly diverse 

26
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HGVS nomenclature : 3’ RULE

Under review

• Gray texts in a dotted box are 

mutations confusingly used in the 

literature, which should be reported 

according to the HGVS nomenclature 

(pink text) to avoid confusion.

• Most annotations that require 

correction according to the HGVS 

nomenclature were “duplications 

(dup)”, which were incorrectly 

expressed as “insertion (ins)” or 

“deletion-insertion (delins)”. 

28



Bauml. WCLC 2020. Abstr FP07.12.

Expected to be detected by

■ Cobas®, therascreen 

■ Not detected by above kit

Method Kit

qRT-PCR
Cobas® EGFR Mutation Test v2

therascreen EGFR RGQ PCR

EGFR E20ins variant detected in 

cobas® and Geneswell kit
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EGFR exon20 insertion : Frequency

Target Oncol. 2022 Mar;17(2):153-166. 

Frequency of exon 20 insertion mutations in any stage of EGFR-mutated NSCLC

• 1.6% in the overall NSCLC population

• 9.0% in an EGFR-positive population

• 2-fold increase in frequency when 

NGS is applied. 
NGS
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Features Amplicon method Hybridization method

Representative panel Oncomine DxTT F1CDx, TSO500

Features
Suitable for quick and easy screening of 
mutation hots pots of specific genes in 

small numbers

Suitable for obtaining comprehensive information on many genes, 
including copy number changes and fusion genes

Amplification by PCR reaction Yes No

Required amount of DNA Fewer More

Gene copy number Difficult Obtainable

Bioinformatics Not so necessary Necessary

Time to report Shorter Longer

Sequence error More Fewer

Unknown fusion Detectable NOT detectable

Yatabe Y, Sunami K, Goto K et al. Multiplex gene-panel testing for lung cancer patients. Pathol Int 2020;70;921-931.

Amplicon vs. Capture Sequencing 
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Modified Bauml. WCLC 2020. Abstr FP07.12.

Detected by

■ Cobas®, Therascreen 

■ Droplex, Oncomine DxTT

■ Not detected by above kit

Method Kit

qRT-PCR
Cobas® EGFR Mutation Test v2

therascreen EGFR RGQ PCR

Method Kit

ddPCR Droplex EGFR Mutation Test V2

NGS Oncomine DxTT

48.6%

69.7~ 76.6%

32



Under review

Detection coverages of EGFR exon20 insertion mutations

▪ Data from FoundationInsights database (n=625), Geneseeq Technology Inc. (n=517), Phase I/II trial of mobocertinib 

(n=95), Phase II study of poziotinib (n=47), phase I study of sunvozertinib (n=51), SMC (n=83)

Total 1,418 EGFR exon20 insertion patients

• Oncomine Dx 

Target Test : 

76.6%

• Droplex EGFR 

Mutation Test v2 : 

69.7%

33



▪ Testing for EGFR is widely available throughout the world.

▪ More than half are PCR-based single gene tests, and NGS tests are growing.

▪ A PCR-based single gene test may miss 30 to 50% of EGFR exon20 insertions compared 

with other activating mutations.

▪ It is possible to have different levels of coverage of mutation variants on the same 

platform (including NGS).

▪ In some cases, the numbering and variable notation for EGFR exon20 insertion 

mutations do not comply with the guidelines, which can be confusing.

Summary
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Thank you
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Q&A 
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