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Personalized/precision medicine

therapeutic decisions are based on the specific histologic and 
genetic characteristics of the patient’s tumor

knowledge of EGFR mutation status is crucial to therapeutic decision-
making for patients with advanced-stage disease

right treatment
to the 

right patient
at the

right time







Structure and normal function EGFR

• Epidermal Growth Factor Receptor is 
essential for normal cellular functions such 
as:                           
growth,proliferation,differentiation, 
migration and survival. 

• EGFR gene-short arm of chromosome 7

• Overexpression, gene amplification, 
mutations of EGFR's kinase domain can cause 
dysregulation leading to non-small cell lung 
cancer (NSCLC)

Voldborg B.R.Epidermal growth factor receptor (EGFR) and EGFR mutations, function and possible role in clinical trials Ann Oncol. 1997 Dec;8(12):1197-206.



EGFR Oncogenic Driver Mutations Are Predominantly Found Within 
Exons 18 to 21 Encoding the Tyrosine Kinase Domain
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a The incidence of mutations may vary due to the range of techniques used; b EGFR TKIs not designed to target EGFR exon 20 insertions.
EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor.
1. Chong C, Jänne P. Nat Med. 2013;19:1389-1400; 2. Crossland V, et al. J Thorac Oncol. 2018;13(10 suppl):S612-S613; 3. Gazdar A, Minna J. PLoS Med. 2005;2:e377; 4. Gazdar A. Oncogene. 2009;28(suppl 1):S24-S31; 
5. Jorge S, et al. Braz J Med Biol Res. 2014;47:929-939; 6. Kobayashi Y, Mitsudomi T. Cancer Sci. 2016;107:1179-1186; 7. Lee J, et al. Ann Oncol. 2013;24:2080-2087; 8. Wang F, et al. Transl Cancer Res. 2020;9:2982-2991;
9. O’Kane G, et al. Lung Cancer. 2017;109:137-144; 10. Nagano T, et al. Cells. 2018;7:212.
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• The EGFR gene contains 28 exons located in 
the 7p21-14 region of the short arm of 
chromosome 78

• Deletions in exon 19 and the exon 21 L858R 
mutation (ie, common mutations) account 
for ≈85% of cases9,10

• T790M is an EGFR exon 20 point mutation; 
however, it is mainly an acquired resistance 
mutation that develops after treatment with 
first- or second-generation EGFR TKIs10,b







EGFR tyrosine kinase inhibitors
• First-generation EGFR tyrosine kinase inhibitors (TKIs), erlotinib and gefitinib and second-generation 

TKIs, afatinib and dacomitinib are effective for these common mutations but they lose their 
effectiveness with the occurrence of EGFR T790M mutation, an acquired mutation that confers drug 
resistance. 

• EGFR exon 20 insertions (ex20ins) are the third most frequent mutations are resistant to both first and 
second-generation TKIs. 

• Third-generation irreversible TKI, osimertinib, has shown activity against ex20ins in some studies but 
was only approved for EGFR T790M-positive NSCLC



• On September 15, 2021, mobocertinib received accelerated 
FDA approval for use in adults with locally advanced or 
metastatic NSCLC patients with EGFR ex20ins mutations, as 
detected by an FDA-approved test, who are on or have had 
platinum therapy.



Timing of EGFR testing  

 Primary diagnosis

 Dynamic monitoring- EGFR driver and resistance mutation status during 
treatment

Disease progression






Biomarkers assessment (n=9911)

Results expressed in % 

on available analyses
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• Rolfo C.et al.Liquid Biopsy for Advanced NSCLC: A Consensus Statement From the International Association for the Study of Lung 
Cancer. Journal of Thoracic Oncology Vol. 16 No. 10, October 2021, Pages 1647-1662



When to test: reflex or on demand?

- More expensive
- Shorter turnaround times

- Tissue saving
- Results of testing are include into 

initial report

- Less costly
-Takes more time

- Addition sectioning of specimens
- Result of testing separately 

reported



Which methods ?

1. Hsiao, et al. J Mol Diagn 2019; Marchio, et al. Ann Oncol 2019; 2. Naidoo and Drilon. Am J Hematol Oncol 2014; 3. Penault-Llorca, et al. J Clin Pathol 2019; 
4. Solomon, et al. Ann Oncol 2019; 5. Wong, et al. Pathol and Oncol Res 2019 6. Kashima J et al. Cancers (Basel) 2019;11:599; 7. Lindeman NI et al. Arch Pathol Lab Med 2018;142:321–346; 7. Beadling C et al. J Mol Diagn 2016;18:165–175; 8. Ferrara R et al. J Thorac Oncol 2018;13:27–45; 9. 
FDA. Available at: https://www.fda.gov/medical-devices/vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-vitro-and-imaging-tools (accessed January 2021); 10. Mosele F et al. Ann Oncol 2020;31:1491–1505.

IMMUNOHISTOCHEMISTRY
• Short turnaround time, cheap
• Validated detection  method for ALK and PD-L1
• Screening method : ROS1,BRAF,NTRK

FISH ( fluorescence in situ  hybridisation)
• Historical gold standard for detection of gene fusions (ALK, ROS1)
• Expert pathologist !!
• False- negative results can be above 30%

PCR (polymerase chain reaction)
• Cheaper method, shorter turnaround time
• The target fusions must be known (cannot detect new fusion partners)

NGS (next-generation sequencing)
• High specificity and sensitivity, PREFERRED METHOD!
• The most reliable diagnostic test for gene fusions; the biggest advantage for the detection and identification of 

all known and potentially new ROS1, RET, NTRK rearrangements 
• However, more expensive and often impractical in a local laboratory
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NGS (next-generation sequencing)

• High specificity and sensitivity, PREFERRED METHOD!
• The most reliable diagnostic test for gene fusions; the biggest advantage for the detection and 

identification of all known and potentially new ROS1, RET, NTRK rearrangements 
• However, more expensive and often impractical in a local laboratory











Comprehensive Genomic Profiling “CGP”
(NGS-based)
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Timing of EGFR testing  

 Primary diagnosis

 Dynamic monitoring- EGFR driver and resistance mutation status during 
treatment

Disease progression



Tissue versus Liquid Biopsy

Rolfo C.et al.Liquid Biopsy for Advanced NSCLC: A Consensus Statement From the International Association for the Study of Lung 
Cancer. Journal of Thoracic Oncology Vol. 16 No. 10, October 2021, Pages 1647-1662



Mechanisms of acquired resistance to first-generation tyrosine 
kinase inhibitors (gefitinib and erlotinib)

• Westover D. et al.Mechanisms of acquired resistance to first-generation tyrosine kinase inhibitors (gefitinib and erlotinib).                                                          
Annals of Oncology.Volume 29, Supplement 1, January 2018, Pages i10-i19



Tissue versus Liquid Biopsy

65.7% sensitivity and 99.8% specifity

• Rolfo C.et al.Liquid Biopsy for Advanced NSCLC: A Consensus Statement From the International Association for the Study of Lung Cancer.                                                                               
Journal of Thoracic Oncology Vol. 16 No. 10, October 2021, Pages 1647-1662



Histologic Transformation in EGFR-Mutant Lung 
Adenocarcinomas

• Ranjan P. et al. Histologic Transformation in EGFR-Mutant Lung Adenocarcinomas: Mechanisms and Therapeutic Implications. Cancers 2021, 13, 4641
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ALGORITHM  FOR EGFR T790M MUTATION TESTING
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• 1. Tagrisso Summary of product characteristics 2016

Re-biopsy success rate: 80% 
( 73 to 95%)
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Different cytology samples can be successfully used for mutation testing

• 1. Rekhtman N et al. J Thorac Oncol 2011;6:451–8 2. Lin Li et al. Chinese Journal of Cancer Research, 2015; 27 (3): 294-300 3. Lindeman NI, et al. Journal of Thoracic Oncology. 
2013 Jul 31;8(7):823-59

Of 128 cytological samples, 98% generated an EGFR 
test result, with an EGFRm frequency of 25%1

The EGFRm frequency was comparable to that 
detected in tissue biopsy specimens
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Of 26 cytological samples taken from patients 
resistant to EGFR TKIs (20 pleural effusion, 6 
sputum), 42.3% harboured a EGFR T790M 
mutation2

A mutation frequency comparable to other 
studies3

EGFR T790M mutation test results



EGFR testing



Reporting of EGFR mutation status using PCR 
platform 





Thank you for your attention
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