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From Histology-based to  Molecular Defined 

Subsets

Li T et al. J Clin Oncol, 2013

EGFR
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Tyrosine Kinase Inhibitors

2nd-generation TKI

3rd-generation TKI

Activity range

• Reversible binding to wild-type and mutant EGFR

• Inactive on T790M mutant

• Irreversible covalent binding to EGFR, ErbB2 and ErbB4 
to inhibit all ErbB family signaling

• Broader activity to overcome EGFR TKI-resistant mutations

EGFR inhibition

ErbB family blockade

EGFR mutant-specific 
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Activity range

• Specificity for EGFR T790M mutant; EGFR
wild-type sparing

• Irreversible covalent binding to mutant EGFR
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The Mainstays of Treatment in EGFR+ patients 



Clonal Evolution of EGFR Mutant Lung Cancer on 

Therapy: 



Clonal Evolution of EGFR Mutant Lung Cancer on Therapy: 

How does TKI affect this model?
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• Most common EGFR T790M mutation 

• Detected in approximately 2/3rd of 

patients with advanced EGFRm-positive 

NSCLC who have progressed on EGFR-TKIs

(erlotinib, gefitinib, afatinib) 

• Incidence: range  51% to 68% 1-5

*Data shown are from an analysis of tumor specimens from 155 patients  

with lung adenocarcinomas and acquired resistance to erlotinib or gefitinib.

Frequency of mechanisms of acquired  

resistance to EGFR-TKIs2,*

Unknown

HER2 (ERBB2)

HER2 (ERBB2) + T790M

T790M

Small cell transformation + T790M  

Small cell transformation

Small cell transformation +

MET amplification

MET amplification

MET amplification + T790M

Resistance mechanisms to First-Second TKIs

1. Cortot AB, Janne PA. Eur Respir Rev. 2014; 2. Yu HA, et al. Clin Cancer Res. 2013;. 3. Oxnard GR, et al. Clin Cancer Res. 2011;. 4. Sun JM, et al. Lung Cancer. 



T790M mutation increases the affinity for ATP at WT levels

Yun et al. PNAS 2007; Kobayashi, NEJM 2005; Dr Shobhit Baijal WCLC 2017

EGFR sensitizing Mutation (L858R)
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T790M: the ‘gate keeper’ resistance mutation to TKIs 



Tumor cells follow distinct evolutionary paths to become

resistant to EGFR inhibition

T790M gatekeeper mutationevolveeitherby selectionof pre-existingT790M clones or via genetic

evolutionof initially T790M-negative clones 

Hata AN, Nature Medicine 2016 



Najwa El Kadi, Cancer Res 2018

EGFR T790M mutation is acquired through AICDA-mediated

deamination of 5-methylcytosine

AICDA Expression increased with TKI exposure AICDA knockdown decreases T790M

PC9 cell



Lee, J Clin Oncol 2017

EGFR-mutant + inactivated Rb/p53 have 43 times greater risk of SCLC transformation (n=75) 

N=21
Early inactivation
RB1 and TP53

Clonal History and Early clonal loss of RB1 and TP53 predicts 

SCLC transformation from adenocarcinomas



1. Cross et al. Cancer Discov 2014;4:1046–1061; 2. Jänne et al. Ann Oncol 2015;26(Suppl 1); 3. Eberlein et al. Poster presented at AACR 2014, Abstract 1722

• Irreversible EGFR-TKI, selective for 
both sensitizing and T790M 
mutations1-2

• Delays the emergence of resistance 
in EGFRm cells3

• Deeper and more durable response 
in tumor xenografts1

• Do not arrest growth in resistant 
non-T790M cell lines (i.e NRAS, 
cMet amp)1

Osimertinib (AZD9291):  irreversible T790M inhibitor 
NSCLC sensitazing EGFR  
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NSCLC resistant T790M
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• Analysis of PFS by BICR was consistent with the investigator-based analysis: HR 0.28 (95% CI 0.20, 0.38), p<0.001; median PFS 11.0 vs 4.2 
months.

Median PFS, 
months (95% CI)

HR (95% CI)

10.1 (8.3, 12.3) 0.30 (0.23, 0.41)
p<0.0014.4 (4.2, 5.6)

Osimertinib

Platinum-pemetrexed

Mok et al. NEJM 2016 

AURA 3: osimertinib in T790M+ advanced NSCLC
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Clonal Evolution of EGFR Mutant Lung Cancer on Therapy: 

How does osimertinib affect this model?

EGFR 
sensitizing 
enriched

EGFR 
sensitizing 
enriched



Resistance mechanisms to osimertinib in T790M+ 

driven tumors

Papadimitrakopoloulou V.  ESMO 2018



Papadimitrakopoloulou V.  ESMO 2018



Resistances to osimertinib in EGFR+ (AURA3 Trial)



Papadimitrakopoloulou V.  ESMO 2018

Resistances to osimertinib in EGFR+ (AURA3 Trial)



Papadimitrakopoloulou V.  ESMO 2018



Osimertinib 80 mg QD po

100 patients included

Advanced NSCLC patients
EGFR sensitizing mutation

TKI naïve

ELIOS: A Molecular 

Profiling Phase 2 

Study of Patients 

With EGFR+

Locally Advanced 

or Metastatic 

NSCLC Treated 

With Osimertinib

Biospeciment

Pretreatment Tumor tissue & plasma

Before disease progression Tumor tissue (optional) & plasma

At disease progression Tumor tissue & plasma

After disease progression Tumor tissue & plasma

https://clinicaltrials.gov/

* Follow-up every 8 weeks until disease PD 



Summary of the in vitro sensitivities of Ba/F3 cells expressing 

each EGFR mutation to various TKI

Y. Kobayashi and T. Mitsudomi: Cancer Sci 2016



Clonal Evolution of EGFR Mutant Lung Cancer on Therapy: 

How does osimertinib affect this model?
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Head2Head First vs Third Generation TKIs:  

FLAURA Phase 3 

RamalingamESMO 2017;Soria, NEJM 2017



Ramalingam, ESMO 2018







RamalingamESMO 2017;Soria, NEJM 2017

Clonal Evolution of EGFR Mutant Lung Cancer on 

Therapy: 



Arbour K, Cancer 2018 

Different approaches to target EGFR resistances



Jia, Nature 2016

Overcoming T790M & C797S: Brigatinib

and cetuximab
Overcoming T790M & C797S: fourth 

generation mutant-selective allosteric 

inhibitors (EAI045)

Uchibori ,Nat Commun 2017



Overall Osi-Resistant Cohort (n=41), CCDC-
RET fusion (tissue) (pt 1)

MA26.03 - Osimertinib and BLU-667 in RET-positive EGFR-mutant NSCLC. Presented by Zofia Piotrowska, MGH, Boston USA. 09.26.2018.

Z Piotrowska, WCLC 2018 
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Adapted from Niederst et al. CCR 2015

Potential Strategies at Osimertinib resistance



Arulananda , JTO 2017

Combination osimertinib and 

gefitinib in ‘trans’ C797S+ T790M+

Months of 
treatment

Biopsy
3

Biopsy
2

Biopsy
1

EGFRExon 19 Del+

EGFR Exon 20 T790M-

EGFRExon 19 Del+

EGFRExon 20 T790M+

EGFR Exon 19 Del+
EGFRExon 20 C797S+
EGFRExon 20 T790M-

Afatinib

40 mg/QD

Osimertinib

80 mg/QD

Gefit inib

250 mg/QD

Pre-treatment Biopsy Genotyping Treatment Response

1B

1C

1A

Afatinib Osimertinib Gefitinib

0 43 45 47 49 50

Rechallenge with Gefitinib with 

C797S+ and T790M- ‘loss’

Chic N. Reguart N, JTO 2017



Capmatinib plus gefitinib in MET-dysregulated resistant

patients

Wu YL, JCO 2018 

ORR 27%; 47% (amplified) 



Cheng, ESMO 2018

Efficacy of tepotinib plus gefitinib in a phase

II study



Cheng, ESMO 2018

8.3 mo

4.4 mo

21.2 mo

4.2 mo

Efficacy of tepotinib plus gefitinib in a phase

II study





Immuno-contexture of EGFR mutant 

NSCLC: PD-L1

Gainor, CCR 2016 Brown H, WCLC 2018 

PD-L1 expression in untreated EGFRm (FLAURA) 



Lee ,JTO 2017 ; Dong, OncoImmunology 2017 

Immunotherapy in EGFR-mutant patients



Offin M, CCR 2018

Immuno-contexture of EGFR mutant 

NSCLC: TMB

3.7 Mut/Mb

6.1 Mut/Mb



ERLO-ATEZO

ERLO-NIVO

GEFI-TREME

GEFI-DURVA

OSI-DURVA

15% G3 ILD

Immunotherapy and TKIs in EGFR mutant 

NSCLC

CheckMate 722 (NCT02864251) phase III: Nivo +  CT vs. Nivo + Ipi vs. CT in T790M-negative



• Oncogenic tumor cells follow distinct evolutionary paths to

overcome resistant.

• New compounds and combination strategies need to be further

explored in the resistant setting.

• Broad panels of NGS-DNA assays in blood or tissue are

essential to identify acquired resistances in routine clinical care

and to guide treatment decisions.

Take Home Mesages



Thank you!!!

nreguart@clinic.cat


