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EGFR Tyrosine Kinase inhibitors (TKI)

• Gefitinib
• Afatinib
• Osimertinib*
• Erlotinib
• Dacomitinib
• Icotinib



EGFR Kinase Mutations (15-20%)
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EGFR: epidermal growth factor receptor; TKD: tyrosine kinase domain; 
1L: first line; EU: European Union; mt: mutation positive; 2L: second line
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Randomized Studies of First Line EGFR TKI in Patients with
EGFR Mutations
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FLAURA - Double-blind study design

Stratification by
mutation status

(Exon 19
deletion /
L858R)
and race 
(Asian / 

non-Asian)

Crossover was allowed for patients 
in the SoC arm, who could receive 
open-label osimertinib upon central 

confirmation of progression and 
T790M positivity

Endpoints
• Primary endpoint: PFS based on investigator assessment (according to RECIST 1.1)

• The study had a 90% power to detect a hazard ratio of 0.71 (representing a 29% improvement in median PFS from 10 months 
to 14.1 months) at a two-sided alpha-level of 5%

• Secondary endpoints: objective response rate, duration of response, disease control rate, depth of response,
overall survival, patient reported outcomes, safety

Randomised 1:1

RECIST 1.1 assessment every 
6 weeks¶ until objective 

progressive disease

EGFR-TKI SoC§;

Gefitinib (250 mg p.o. qd) or 
Erlotinib (150 mg p.o. qd) 

(n=277)

Patients with locally advanced or 
metastatic NSCLC

Key inclusion criteria
• ≥18 years*

• WHO performance status 0 / 1

• Exon 19 deletion / L858R (enrolment 
by local# or central‡ EGFR testing)

• No prior systemic anti-cancer / 
EGFR-TKI therapy

• Stable CNS metastases allowed

Osimertinib

(n=279)

Ramalingam S. et al. ESMO 2017; Soria JC et al. N. Engl. J. Med. 2018;378:113-125



Outcomes of the FLAURA Study

• Improvement of PFS, primary endpoint, of 8.7 months favoring Osi (18.9 vs. 10.2, HR=0.46), 
benefit in all subgroups.

•

•

•

PFS improvement seen and comparable in patients with and without brain mets at baseline
Superior ORR and superior duration of response (49% vs. 19% at 18 months)
Safety profile of Osi was comparable to SoC with lower rates of grade > 3 AEs and lower 
discontinuation rate

Ramalingam S. et al. ESMO 2017; Soria JC et al. N. Engl. J. Med. 2018;378:113-125



Median OS, months (95% CI)
– Osimertinib 38.6 (34.5, 41.8)
– Comparator EGFR-TKI 31.8 (26.6, 36.0)
HR (95.05% CI) 0.799 (0.641, 0.997); p=0.0462

321 deaths in 556 patients at data cut-off: 58% maturity
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Osimertinib 

Comparator EGFR-TKI

204 193 180 166 153 138
165 148 138 131 121 110

83%

89%

59%

74%

54%

44%

Ramalingam SS, et al. ESMO 2019. Abstract LBA5_PR.

279 276 270 254 245 236 217
277 263 252 239 219 205 182

123 86 50 17 2 0
101 72 40 17 2 0

FLAURA: Final analysis—overall survival



Afatinib: Only FDAApproved Drug for Uncommon EGFR Mutations

Afatinib is active in NSCLC tumours that harboured certain types of uncommon EGFR mutations, especially G719X,
L861G, and S768I, but less active in other mutations types. Clinical benefit is lower in patients with de-novo T790M
and exon 20 insertion mutations.

James C-H Yang et al. Lancet Oncol 2015; 16:830-8.



Recent trials of the first line treatment for EGFR+ patients: Progression-free survival and overall
survival

Survival (month)

1. Nakagawa K, et al. ASCO 2019. Abstract 9000; 2. Soria JC, et al. N Engl J Med. 2018;378(2):113–125; 3. Wu YL, et al. Lancet Oncol. 2017;18(11):1454–1466; 
4. Mok T, et al. ASCO 2018. Abstract 9004; 5. Paz-Ares L, et al. Ann Oncol. 2017;28(2):270–277; 6. Park K, et al. Lancet Oncol. 2016;17(5):577–89.;
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1st Line Treatment of EGFR NSCLC
Strategy Trial Treatment Median

PFS,
months

PFS
HR (95%CI)

Median OS, 
months

OS
HR (95%CI)

2nd or 1st

generation
EGFR TKI

CTONG
091

Erlotinib vs. gefitinib 13.0 vs.
10.4

0.81 (0.62-
1.05) - -

LUX-Lung
7

Afatinib vs. gefitinib 11.0 vs.
10.9

0.73 (0.57-
0.95)

27.9 vs. 
24.5 0.86 (0.66-1.12)

Archer
1050

Dacomitinib vs. gefitinib 14.7 vs. 9.2 0.59 (0.47-
0.74)

34.1 vs. 
26.8

0.76 (0.58-
0.99)

1st generation
EGFR TKI
+ Antiangiogenic
agents

JO25567 Erlotinib + bevacizumab vs. erlotinib 16.0 vs. 9.7 0.54 (0.36-
0.79)

47.0 vs. 
47.4 0.81 (0.53-1.23)

NEJ026 Erlotinib + bevacizumab vs. erlotinib 16.9 vs. 
13.3

0.61 (0.42-
0.88) - -

RELAY Erlotinib + ramucirumab vs. erlotinib
+ placebo

19.4 vs.
12.4

0.59 (0.46-
0.76) NR vs. NR 0.83 (0.53-1.30)

Not mature

EGFR TKI + EGFR
MAb IFCT 1503 Afatinib + cetuximab vs. afatinib Stopped for futility (ASCO 2019 #9079)

1st generation
EGFR TKI
+ chemotherapy

NEJ009 Gefitinib + carbo-pemetrexed vs. 
gefitinib

20.9 vs.
11.2

0.49 (0.39-
0.63)

52.2 vs. 
38.8

0.60 (0.52-
0.93)

Noronha Gefitinib + carbo-pemetrexed vs. 
gefitinib 16 vs. 8 0.51 (0.39,

0.66) NR vs. 17 0.45 (0.31-
0.65)

3rd generation
EGFR TKI FLAURA Osimertinib vs. gefitinib or erlotinib 18.9 vs.

10.2
0.46 (0.37-

0.57) NR vs. NR
0.63 (0.45-0.88)

Not mature
(ESMO)

From Perol, M. ASCO 2019
Yang JC et al., BJC 2017; Paz-Ares et al., Ann Oncol 2017; Mok et al., JCO 2018; Seto et al., ASCO 2018; Saito et al., Lancet Oncol 
2019; Nakagawa et al., ASCO 2019; Nakamura et al., ASCO 2018; Noronha et al., ASCO 2019; Soria et al., NEJM 2018; Cortot, ASCO 
2019



ARTIMUS: Phase 3 study of 1L bevacizumab +/-
erlotinib in Chinese patients with advanced EGFR-mutated NSCLC

•
•
•

Zhou Q, et al. ESMO 2019. Abstract 1480O.

This is the third study confirming the improvement of PFS by adding bevacizumab 
Incidence of T790M mutation at progression are similar
Added toxicity

PFS benefit over 1st gen TKI Overall survival benefit Nationality

Gefitinib + chemo 
(Noronha et al ASCO 2019)

16 vs 8 months Not reached vs 17 months India

Gefitinib + chemo 
(NEJ 009)

20.9 vs 11.2 months 52.2 vs 38.8 months Japan

Erlotinib + Bevacizumab 
(NEJ 026)

16.9 vs 13.3 months Not available Japan

Erlotinib + Ramucirumab 
(RELAY study)

19.4 vs 12.4 months Not available Multinational

Erlotinib + Bevacizumab 
(ARTIMUS)

18.0 vs 11.3 months Not available China



• Combination therapy for EGFR NSCLC may be beneficial to prolong
PFS and OS if osimertinib is not available

• Osimertinib remains the SOC for front-line EGFR
NSCLC

• Combination treatment increased toxicities including hypertension
and bleeding (erl-ram); and cytopenias/renal toxicity (CPG)

• Impact to patients’ convenience

• Combination therapy using osimertinib as the control arm will be 
investigated

Conclusions—EGFR NSCLC Front-line



WCLC19

Pasi A Jänne,1 David Planchard,2 Paul Howarth,3 Alexander Todd,3 Kunihiko Kobayashi4

Osimertinib plus platinum/pemetrexed in newly-
diagnosed advanced EGFRm-positive NSCLC;

the phase 3 FLAURA2 study

1. Lowe Center for Thoracic Oncology, Dana-Farber Cancer Institute, Boston, MA, 02215, USA

2. Dept of Cancer Medicine, Gustave Roussy, Department of Medical Oncology, Thoracic Group, Villejuif, France

3. AstraZeneca, Cambridge, UK

4. Department of Respiratory Medicine, International Medical Center, Saitama Medical University, Hidaka City, Japan.

Prof. Pasi A Janne, Lowe Center for Thoracic Oncology, Dana-Farber Cancer Institute, Boston, USA Abstract # 2383



Abbreviations: AE, adverse event; EGFR, epidermal growth factor receptor; EGFRm, epidermal growth factor receptor mutation; Ex19del, exon 19 deletion; NSCLC,
non-small cell lung cancer; OS, overall survival; PFS, progression-free survival; PFS2, time from randomisation to second progression or death on a subsequent

Study design: randomised phase

▪ Osimertinib given at a dose of 80 mg QD during induction and maintenance
▪ The osimertinib dose can be reduced to 40 mg QD for management of AEs; chemotherapy dose 

interruption/reduction is to be prioritised over reduction/interruption of osimertinib
▪ Randomisation will be stratified by race, WHO PS (0 vs 1), and tissue EGFR mutation test at enrolment
▪ Planned to involve approximately 248 sites in 27 countries

treatment; QD, once daily; STx, subsequent treatment; vs, versus; WHO, World Health Organization

WCLC19FLAURA2 – Phase 3 study



Ramalingam ESMO, J Clin Oncol 2018; Piotrowska Cancer Disc 2018; Janne ASCO 2019

RET fusions 
BRAF fusions 
Small cell 
HER3+ ~60-70%



Third generation EGFR TKI landscape for 
metastatic EGFR mutant NSCLC

Tan AC et al Exp Rev Anticancer Ther 2019; 19:431-435



EGFR Exon 20 Ins ertions in NSCLC



TAK-788 Antitumor Activity in Patien ts With EGFR Exon 20 Ins ertions



Treatmen t-Rela ted AEs in Patien ts Trea ted With TAK-788
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P resented By John Heymach at 2019 ASCO Annual Meeting

Osimertinib response in 4/6 patients
Fang et al BMC Cancer 2019



Summary

• Key to precision medicine is molecular testing... and targeted treatment

• EGFR TKI remains our standard 1st line in EGFR mt lung cancer patients
– Osimertinib, dacomitinib/afatinib, erlotinib/gefitinib
– Adding chemotherapy and VEGF inhibition may improve outcomes with 1st

genTKIs
– No data with better EGFR inhibitors /ongoing trials

• EGFR resistance mutations (exon 20 excluding T790M)
– 1st line standard is chemotherapy
– Exciting options in clinical trials: poziotinib, TAK788, osimertinib, JNJ-372



ALK
Inhibitors

Crizotinib
Ceritinib
Alectinib
Brigatinib
Lorlatinib
Ensartinib
Entrectenib
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Hida Lancet 17 (updated ASCO 17)

ALEX: PFS

Peters NEJM 2017

Alectinib as First Line

Alectinib 
(n = 103)

Crizotinib 
(n = 104)

Events, n (%) 25 (24.3) 58 (55.8)

Median, mo 25.9 10.2

HR (99.7% CI) 0.38 (0.26–0.55)

p* 0.0001

Crizotinib 
(n = 151)

Alectinib 
(n = 152)

Events, n (%) 102 (68) 62 (41)

Median, mo 11.1 NR

HR (95% CI) 0.47 (0.34–0.65)

p* < 0.001



ALEX trial Updated PFS… 34.8 months median PFS with firstline
alectinib!

Camidge et. al. ASCO 2018



Efficacy of ALK TKIs in the First-Line Setting

1Solomon et al., NEJM 371(23): 2167-77, 2014; 2Soria et al., Lancet 389(10072): 917-29, 2017; 3Peters et al., NEJM 377(9):
829-38, 2017; 4Camidge et al., ASCO 2018; 5Camidge et al., NEJM 379: 2027-39, 2018.

PROFILE 10141 

(N=172)
ASCEND-42 

(N=189)
Global ALEX3,4 

(N=152)
ALTA-1L5 

(N=137)

ALK TKI crizotinib 
250 mg bid

ceritinib 
750 mg qd

alectinib 
600 mg bid

brigatinib 
90->180 mg qd

Comparator platinum/pem platinum/pem crizotinib crizotinib

Median f/u 17.4 mos 19.7 mos 27.8 mos 11.0 mos

PFS, median 10.9 mos 16.6 mos 34.8 mos 
(HR 0.43)

NR (HR
0.49)

ORR 74% 73% 83% 71%

Intracranial ORR NA 73% 
(n=22)

81% 
(n=21)

78% 
(n=18)



Solomon et al. World Conference on Lung Cancer; Yokohama, Japan, 2017

Lorlatinib Phase I/II Study: 
Crizotinib-Pretreated Patients



ALK tumors 
evolve and 

develop resistant 
mutations



Justin F. Gainor et al. Cancer Discov 2016;6:1118-1133

G1202R

I1171T

V1180L

L1196M

Lorlatinib 

Ceritinib/
Brigatinib/Lorlatinib

Chemo? Other TKI?

Ceritinib/ 
Brigatinib/Lorlatinib

Will the Choice of 1st Line ALKi TKI Impact on Patterns 
of Progression & Mechanism of Resistance?



Crizotinib

Ceritinib
Entrectenib
Lorlatinib

ROS1 inhibitors



Characteristics of ROS-1 altered NSCLC

• 1-2% of all NSCLC

• Mainly adenocarcinoma, but also has been
reported in pleomorphic carcinoma

• Solid pattern adenocarcinoma

• Signet ring

• Mainly non-smokers (~80%)

• Mainly female patients (~70%)

• IHC screening with FISH confirmation or rt-PCR

Park et al. Path Res Pract, 2019



ROS1 inhibitors—front line



ROS1 inhibitors—CNS activity
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