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Evolution of Targeted Therapy



Lung cancer patient “segments” have evolved over time

Martin Reck et al, Lancet. 2013







Strength of Recommendationsa

Lindeman NI, et al. J Thorac Oncol 2018;13(3):323-358



Summary of 2018 Guideline Statements 

Which new genes should be tested for lung cancer patients? 
1. ROS1 testing must be performed on all lung adenocarcinoma patients, irrespective of clinical 

characteristics. (Strong recommendation)

2. BRAF, RET, HER2, KRAS, MET molecular testings are currently not indicated as a routine stand-alone 

assay outside the context of a clinical trial. It is appropriate to include these testings as part of larger testing 

panels performed either initially or when routine EGFR, ALK, and ROS1 testing are negative. (Expert 

consensus opinion)

What methods should be used to perform molecular testing?
1. IHC is an equivalent alternative to FISH for ALK testing. (Recommendation)

What testing is indicated for patients with targetable mutations who have relapsed on

targeted therapy?
1. In lung adenocarcinoma patients who harbor sensitizing EGFR mutations and have progressed after

treatment with an EGFR-tyrosine kinase inhibitor, physicians must use EGFR T790M mutational testing when 

selecting patients for third-generation EGFR-targeted therapy (Strong recommendation)

2. There is currently insufficient evidence to support a recommendation for or against routine testing

for ALK mutational status for lung adenocarcinoma patients with sensitizing ALK mutations who have

progressed after treatment with an ALK-tyrosine kinase inhibitor (No recommendation)

What is the role of testing for circulating cell-free DNA for lung cancer patients?
1. In some clinical settings in which tissue is limited and/or insufficient for molecular testing, physicians

may use a cell-free plasma DNA assay to identify EGFR mutations. (Recommendation)

2. There is currently insufficient evidence to support the use of circulating tumor cell molecular analysis

for the diagnosis of primary lung adenocarcinoma, the identification of EGFR or other mutations, or the

identification of EGFR T790M mutations at the time of EGFR TKI resistance. (No recommendation)



Kalemkerian GP, et al. J Clin Oncol 2018; 36:911-919



Comparison of CAP/IASLC/AMP Recommendations and ASCO Endorsed Recommendations

CAP/IASLC/AMP Recommendation ASCO Endorsed Recommendation

Key Question 1: Which genes should be tested for patients with lung cancer?

Expert Consensus Opinion: BRAF molecular 

testing is currently not indicated as a routine stand-

alone assay outside the context of a clinical trial. It 

is appropriate to include BRAF as part of larger 

testing panels performed either initially or when 

routine EGFR, ALK, and ROS1 testing is negative.

BRAF testing should be performed on all patients 

with advanced lung adenocarcinoma, irrespective 

of clinical characteristics.

Key Question 2: What methods should be used to perform molecular testing?

Expert Consensus Opinion: Physicians may use 

molecular biomarker testing in tumors with 

histologies other than adenocarcinoma when 

clinical features indicate a higher probability of an 

oncogenic driver.

Physicians may use molecular biomarker testing in 

tumors with:

a. an adenocarcinoma component;

b. nonsquamous non–small-cell histology;

c. any non–small-cell histology when clinical 

features indicate a higher probability of an 

oncogenic driver (eg, young age [< 50 years]; light 

or absent tobacco exposure).

Kalemkerian GP, et al. J Clin Oncol 2018; 36:911-919



Actionable Target 

 EGFR gene mutation

 ALK rearrangement

 ROS1 rearrangement

 BRAF gene mutation (V600E)



Epidermal Growth Factor Receptor



Currently available EGFR TKIs

1st generation
(Reversible)

2nd generation
( irreversible/pan-HER)

3rd generation
(EGFR mutation selective)

Drugs
Gefitinib
Erlotinib
Icotinib

Afatinib
Dacomitinib

Rociletinib
Osimertinib
Olmutinib
Nazartinib

WT EGFR
: skin toxicity

++ +++ +-

Activating mutation +++ +++(++++?) +++(++++?)

Resistance mutation
: T790M

- + +++

Gefitinib
Erlotinib

Afatinib Osimertinib
Olmutinib



Median PFS in first-line EGFR Mutant NSCLC
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LUX-Lung 7: Afatinib vs Gefitinib (Phase IIb)

• Until PD or unacceptable 
toxicity

• Continuation beyond PD 
allowed

•Stage IIIB/IV 
•EGFR mutation 
(exon19 del,  exon 21 L858R)

•No prior treatment 
•ECOG PS 0/1 

Afatinib 40 mg/day

Gefitinib 250 mg/day

• Co-primary end points: progression free survival (PFS), time to treatment failure (TTF), overall response rate (ORR)

Park K, et al. Lancet Oncol 2016;17:577-89

First head-to-head study of EGFR-TKIs in 1st line Tx of EGFR (+) NSCLC

(n= 319)

(n= 160)

(n= 159)
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Median, mo 11.0           10.9

HR (95% CI)

p-value

0.74 (0.57–0.95)

0.0178*

Park K, et al. Lancet Oncol 2016;17:577-89



Not all epidermal growth factor receptor mutations in lung 
cancer are created equal: Perspectives for individualized 
treatment strategy

Cancer Sci 2016;107:1179–1186



Cancer Sci 2016;107:1179–1186

Exon Category Mutations
First generation Second generation Third generation

Gefitinib Erlotinib Afatinib Dacomitinib Neratinib Osimertinib Rociletinib

18 Del 18 delE709_T710insD 882 884 1.7 29 27 93 999

E709X E709K 187 215 0.7 16 6 62 706

G719X G719A 213 167 0.9 6 1.1 53 214

19 Del19 delE746_A750 4.8 4.9 0.9 <1 60 1.1 19

Del19 delE746_S752insV 306 14 0.2 1.4 86

Del19 delE747_A750insP 7.4 13 1 1.6 30

Del19 delL747_P753ins 4.1 5.4 2 1.9 38

Del19 delS752_I759 35 7.9 0.2 2 6.7

Ins19 I744_K745insKIPVAI 400 7

Ins19 K745_E746insTPVAIK 100 0.9

20 Ins20 A763_Y764insFQEA 174 48 3.7 44 673

Ins20 Y764_V765insHH >1000 3845 79 237 1730

Ins20 M766_A767insAI 34.3 79

Ins20 V769_D770insASV 3100 4400 72 230 48 333 5290

Ins20 D770_N771insNPG 3356 3700 72 230 42 262

Ins20 D770_N771insSVD 3187 86

Ins20 H773_V774insH >10000 268 550

S768I S768I 315 250 0.7 49

T790M T790M+delE746_A750 8300 >10000 64 140 3 28

T790M T790M+L858R >10000 >10000 119 300 21 13

21 L858R L858R 26 16 4 2.6 1.4 9 140

L861Q L861Q 170 103 0.5 3.3 9

EGFR wild type with interleukin-3 9350 >10000 >100 >1000 >1000 3078 1549

Plasma drug concentration (448-2717) (2717-4040) (69-130) (166-238) (N/A-132) (400-600) N/A-N/A

IC50 values (nM) of <10, 10–99, 100–999 and ≥1000 are shown in blue, green, yellow and red, respectively. EGFR, epidermal growth factor receptor; N/A, not availabe TKI, tyrosine 
kinase inhibitors

<In vitro sensitivities of Ba/F3 cells expressing each EGFR mutation to varioius TKI>



Our current view on treatment strategy for patients with lung cancer harboring each EGFR mutation

Cancer Sci 2016;107:1179–1186

First generation Second generation Third generation

Gefitinib Erlotinib Afatinib Dacomitinib Neratinib Osimertinib Rociletinib Olmutinib Nazartinib

Del 18 ㅡ ± + ±? ±? ±? ±? ? ?

E709X ± ± ++ +? +? ±? ±? ? ?

G719X ± ± ++ +? ++ +? +? ? ?

Del19 ++ ++ +++ ++ ㅡ ++ ±? +? +?

Ins19 + + ++ ? ? ? ? ? ?

Ins20 (insFQEA) + + +? ? ? +? ±? ? ?

Ins20 (others) ㅡ ㅡ ㅡ ㅡ ㅡ ±? ㅡ ? +?

S768I ± ± + ? ? ±? ? ? ?

T790M+Del19/L858R ㅡ ㅡ ㅡ ㅡ ㅡ ++ + ++ +?

L858R ++ ++ + ++ ㅡ ++ ±? +? +?

L861Q ± ± + ? ±? ±? ? ? ?



Annals of Oncology 2016;27(5): 1–27

Stage IV NSCC 

ALK  
translocation

Molecular 
tests

Crizotinib (I, A)

EGFR 
mutation

No EGFR/ALK 
mutation

Gefitinib (I, A)
Erlotinib (I, A)

+/-
bevacizumab
(I, A; MCBS 2)
Afatinib (I, A)



Mode of Action (erlotinib + bevacizumab)

VEGF

EGFR

Improved drug delivery

Synergistic inhibition of 
tumor growth



Erlotinib alone or with bevacizumab as first-line therapy in 
patients with advanced non-squamous non-small-cell lung 
cancer harbouring EGFR mutations (JO25567): an open-label, 
randomised, multicentre, phase 2 study

Lancet Oncol 2014; 15: 1236–44

(n=154)

Randomised 1:1

Erlotinib 150mg/day
(n=77)

Bevacizumab 15mg/kg i.v. q3w  
erlotinib 150mg/day

(n=75)

Stage IIIB/IV or 
recurrent NSCLC

Non-squamous 
histology EGFR Mut+

Exon 19 deletion / L858R 
No prior treatment

ECOG PS 0–1

PD

PD

Primary end point: progression-free survival (independent review committee)
Secondary end points: overall survival, tumor response, quality of life, symptom improvement, 
safety profile 
Key exclusion criteria : brain metastasis, presence of T790M mutation, history of hemoptysis or 
bloody sputum, presence of coagulation disorder, history of interstitial Lung disease, tumor invading 
major blood vessels, history of administration of EGFR inhibitors or VEGF receptor inhibitors



JO25567: PFS in ITT

Lancet Oncol 2014; 15: 1236–44
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JO25567: PFS by EGFR mutation type

Bevacizumab + erlotinib (n=40)

Erlotinib (n=40)
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Lancet Oncol 2014; 15: 1236–44



AE, %

All grades Grade ≥3

Bevacizumab/erlotinib
(n=75)

Erlotinib
(n=77)

Bevacizumab/erlotinib
(n=75)

Erlotinib
(n=77)

Rash 99 99 25 19

Diarrhoea 81 78 1 1

Paronychia 76 65 3 4

Dry skin 75 58 3 0

Stomatitis 63 60 1 3

Haemorrhagic event 72 29 3 0

Hepatic dysfunction 44 51 8 18

Hypertension 76 13 60 10

Pruritus 45 42 1 0

Decreased weight 44 25 0 0

Decreased appetite 35 34 1 1

Proteinuria 52 4 8 0

Dysgeusia 27 22 0 0

Nasopharyngitis 27 19 0 0

Constipation 23 19 0 1

JO25567: AEs

Lancet Oncol 2014; 15: 1236–44



Overview: ongoing studies of bevacizumab + erlotinib

Trial

Trial 

design

Status

Secondary 

endpoints

Study 

period

Primary 

endpoint1

2

ACCRU RC1126 

(ML28158)
USA

Randomised, 

phase II trial of 

1L bev + erl vs erl in 

EGFR Mut+ patients

Ongoing

PFS

OS, response rate, PFS 

by mutation status, 

safety

2012–2017

BEVERLY 

(ML29757)
Italy

2016–2018

PFS

OS, QoL, ORR, safety

Ongoing

Randomised, 

phase III trial of 

1L bev + erl vs erl in 

EGFR Mut+ patients

NEJ026

(UMIN000017069)
Japan

2015–2018

PFS

OS, response rate, DCR, 

DoR, safety, QoL

Ongoing

Randomised, 

phase III trial of 

1L bev + erl vs erl in 

EGFR Mut+ patients

ARTEMIS

(ML29943)

China

2016–2019

Ongoing

PFS

Randomised, 

phase IV trial of 

1L bev + erl vs erl in 

EGFR Mut+ patients

OS, ORR, DCR, safety, 

QoL

IST = investigator-suggested trial





Osimertinib or Platinum–Pemetrexed
in EGFR T790M–Positive Lung Cancer
AURA3

N Engl J Med December 6, 2016

In this randomized, international, open-label, phase 3 trial, we assigned 419 
patients with T790M-positive advanced non–small-cell lung cancer, who had 
disease progression after first-line EGFR-TKI therapy, in a 2:1 ratio to receive 
either oral osimertinib (at a dose of 80 mg once daily) or intravenous 
pemetrexed (500 mg per square meter of body-surface area) plus either 
carboplatin (target area under the curve, 5 [AUC5]) or cisplatin (75 mg per 
square meter) every 3 weeks for up to six cycles; maintenance pemetrexed
was allowed. In all the patients, disease had progressed during receipt of 
first-line EGFR-TKI therapy. The primary end point was investigator-assessed 
progression-free survival.







<Overall Response> 

<Progression free survival> 





OSIMERTINIB VS STANDARD-OF-CARE EGFR-TKI 
AS FIRST-LINE TREATMENT IN PATIENTS WITH E
GFRm ADVANCED NSCLC: FLAURA
• 342 events in 556 patients at DCO: 62% maturity; osimertinib: 136 events (49%), SoC: 206 events (74%)

Presented by SS Ramalingam at the European Society of Medical Oncology Congress 2017



FLAURA: PFS according to CNS metastasis

Ramalingam S, et al. N Engl J Med 2018;378:113-25



FLAURA: OS - not reached

Ramalingam S, et al. N Engl J Med 2018;378:113-25



Optimal sequence for EGFR mutant NSCLC

1st generation/2nd generation 
EGFR TKIs  (12ms)

Osimertinib (10.1ms, by AURA3)

Osimertinib (18.9ms, by FLAURA)

T790M(+)

Sensitizing 
mutation(+)

Sensitizing 
mutation(+)

12 months 20 months

22 months

19 months

J Thorac Oncol 2018;13(3):301-322





Dual Inhibition of EGFR with Afatinib and Cetuximab in 
Kinase Inhibitor–Resistant EGFR-Mutant Lung Cancer 
with and without T790M Mutations

* Preclinical data: Afatinib/cetuximab overcomes T790M-mediated resistance

Janjigian YY, et al. Cancer Discov; 2014;4(9); 1036–45

T790M(+) T790M(-) p

4.8 ms 4.6 ms 0.643
4.7 months

All (N=126)
T790M (+)
(n=71)

T790M (-)
(n=53)

P value

ORR,% 29 32 25 0.341

ORR, objective response rate



Retreatment of EGFR-TKIs ORR median PFS Predictor

20% 2-8ms Time interval



Mechanisms of resistance to third-generation EGFR TKIs 

Minari R, et al. Transl Lung Cancer Res 2016;5(6):695-708 



Nature 2016;534(7605):129-32



Anaplastic Lymphoma Kinase



Discovery of the EML4-ALK fusion in NSCLC

Initially reported in 2007 as a result of an inversion in chromosome 2p, 

which results in the fusion of the echinoderm microtubule-associated 

protein-like 4 (EML4) with the kinase domain of ALK (prevalence: 2-7%)

Hiroyuki M. Cancer Sci 2008; 99: 2349–2355



PRINCIPLES OF MOLECULAR AND BIOMARKER ANALYSIS

Testing Methodologies: FISH break-apart probe methodology was the first methodology 

deployed widely. IHC can be deployed as an effective screening strategy. FDA-approved IHC 

(ALK[D5F3] CDx assay) can be utilized as a standard-alone test, not requiring confirmation by 

FISH, although confirmation is encouraged. Numerous NGS methodologies can detect ALK

fusions, and targeted real-time PCR assays are utilized in some settings, although they are 

unlikely to detect fusions with novel partners

ROC plot of IHC and FISH to predict tumor response to crizotinib

Clin Cancer Res 2017; 23(15); 4251–8



Currently available ALK inhibitors

1st generation  

• Crizotinib

2nd generation

• Alectinib

• Brigatinib

• Ceritinib

3rd generation  

• Lorlatinib

• Ensartinib

• Entrectinib



Novello et al. Ann Oncol 2016;27(Suppl. 5):v1



first-line crizotinib vs. chemotherapy

Solomon BJ, et al. N Engl J Med 2014;371:2167–77

PFS: 10.9 vs. 7.0 months

PROFILE 1014

All patients

Crizotinib

(N=172)

Chemo. 

(N=171)

Events, n (%) 100 (58) 137 (80)

Median, mo 10.9 7.0

HR (95% CI) 0.45 (0.35−0.60)

P <0.0001

Asian patients

Crizotinib 

(n=77)

Chemo.

(n=80)

46 (60) 73 (91)

13.6 7.0

0.44 (0.30−0.65)

<0.0001



PFS

Ceritinib vs chemotheray Hazard ratio P value

ASCEND 5
(Ceritinib)

5.4ms vs 1.6ms 0.49 <0.001

ALUR
(Alectinib)

9.6ms vs 1.4ms 0.15 <0.001



(ALTA study)

Kim DW, et al. J Clin Oncol 2017;35(22):2490-2498



Soria JC, et al. Lancet 2017;389:917-929

All grades Grade 3/4

Diarrhea 85% 5%

Nausea 69% 3%

Vomiting 66% 5%

ALT increased 60% 31%

AST increased 53% 17%

Fatigue 29% 4%

<Adverse events>



Alectinib versus crizotinib in treatment-naïve advanced 
ALK-positive non-small cell lung cancer (NSCLC): primary 
results of the global phase III ALEX study 

Shaw, et al. ASCO 2017 (Abstract LBA9008)



ALEX: Progression Free Survival (IRC assessed)
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Shaw, et al. ASCO 2017 (Abstract LBA9008)

All grades Grade 3/4

Diarrhea 12% 0%

Nausea 14% 1%

Vomiting 7% 0%

ALT increased 15% 5%

AST increased 14% 5%

Anemia 20% 5%

<Adverse events>

Peters S, et al. N  Engl J Med 2017;377:829-838



esmo.org

Alectinib (ALC) vs crizotinib (CRZ) in treatment-n
aïve ALK+ non-small-cell lung cancer (NSCLC): 
Asian vs non-Asian subgroup analysis of the 
ALEX study

Day

Crizotinib

Alectinib

Asian population Non-Asian population

Alectinib (n=83) Crizotinib (n=82)

Median PFS (95% CI), INV NE (14.0–NE) 11.1 (8.8–14.6)

HR (95% CI)
p-value

0.49 (0.32–0.75) 
0.0009

Median PFS (95% CI), IRC NE (14.6–NE) 9.8 (7.3–16.7)

HR (95% CI)
p-value

0.56 (0.36–0.87) 
0.0091

Alectinib (n=69) Crizotinib (n=69)

Median PFS (95% CI), INV NE (14.7–NE) 10.9 (8.6–16.4)

HR (95% CI)
p-value

0.46 (0.28–0.75)
0.0013

Median PFS (95% CI), IRC 25.7 (14.7–NE) 10.8 (7.5–16.4)

HR (95% CI)
p-value

0.49 (0.30–0.79)
0.0026
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Optimal sequence for ALK (+) NSCLC

J Thorac Oncol 2018;13(3):301-322

Ceritinib

Alectinib







Efficacy in EXP1 (ALK+ Treatment-Naïve Patients)

EXP1

(n=30)

ORR, n/N (%)

(95% CI)

27/30 (90)

(74,98)

Median DOR, mo

(95% CI)

NR

(10.2, NR)

DOR ≥ 6 mo, no/n (%) 16/27 (59)

Median PFS, mo

(95% CI)

NR

(11.4, NR)

CI, confidence interval; DOR, duration of response; mo, months; NR, not reached 
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Mechanisms of acquired resistance to ALK inhibitors

Katayama R, et al. Clin Cancer Res 2015;21(10):2227-2235Lin JJ, et al. Cancer Discov 2017;7(2):137-155



Acquired resistant mutations to ALK inhibitors

Gainor JF et al., Cacner Discov 2016;6:1118-33



Guidelines for selecting treatment after progression on an ALK TKIs

Lin JJ, et al. Cancer Discov 2017;7(2):137-155



ROS 1



Timeline

1987 2007 2008 2013 2014 2016 2017

1987
ROS1 rearrangement 

is discovered in 
human glioblastoma 

cells

2007
ROS1 rearrangement 

is discovered in 
NSCLC cell line and 

tumor

2008
ROS1- rearranged HCC78 lung 

cancer cells are found to be 
sensitive to ALK inhibitor tool 

compound, TAE684

2013
A secondary 

resistance mutation 
in ROS1, G2032R, is 

discovered 

2016
Crizotinib gains 

FDA approval for 
ROS1-rearranged 

NSCLC

2014
Phase I crizotinib
results in ROS1-

rearranged NSCLC 
are published

2017
Phase II ceritinib
results in ROS1-

rearranged NSCLC 
are published

Lin JJ, et al. J  Thorac Oncol 2017





ROS1 rearrangements in NSCLC

Lin JJ, et al. J  Thorac Oncol 2017



Prevalence (1-2%)

Driver oncogenes in lung adenocarcinoma (TCGA, n=230)

KRAS
(32.2%)

EGFR
(11.3%)

NF1
(8.3%)

BRAF
(7.0%) None

(24.4%)

Nature 2014;511:543–550

RIT1 (2.2%)

ERBB2 amp (0.9)

MET amp (2.2%)

HRAS (0.4%)

NRAS (0.4%)

RET fusion (0.9%)

MAP2K1 (0.9%)

ALK fusion (1.3%)

ROS1 fusion (1.7%)

ERBB2 (1.7%)

MET ex14 (4.3%)



Clinical characteristics 

J Clin Oncol 2012;30:863-870

All Patients
(n = 1,073)

ROS1 positive
(n=18)

ROS1 negative
(n=1,055)

P (ROS1 positive vs 
ROS1 negative)Demographic or Clinical Characteristic No. % No. % No. %

Age, years

Median 62 49.8 62.3
< 0.001

Range 32-87 32-79 32-87

Sex

Male 523 49 7 39 516 49
0.480

Female 550 51 11 61 539 51

Smoking history

Never-smoker 239 22 14 78 225 21 < 0.001

Light-smoker 62 6 1 6 61 6

Smoker 695 65 2 11 693 66

Ethnicity

Asian 45 4 5 28 40 4 <0.001

Non-Asian 942 88 13 72 929 88

NA 86 8 0 0 86 8

Pathology

Adenocarcinoma 694 65 18 100 676 64 0.019

Squamous 200 19 0 0 200 19

NSCLC, NOS 59 5 0 0 59 6

Adenosquamous 10 1 0 0 10 1

Other 38 4 0 0 38 4

NA 72 7 0 0 72 7

ROS1 positive patients

1. Younger

2. Never-smoker

3. Asian 

4. Adenocarcinoma



Immunohistochemical stain
D4D6 antibody

staining intensity of at least 2+

Cytogenetic method (FISH)

or

Molecular method (RT-PCR/NGS)

Screening assay Confirmation assay

<Forest plot of sensitivity and specificity for immunohistochemistry (IHC) for ROS1  rearrangement>

FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive

Lindeman NI, et al. J Mol Diagn 2018, 20: 129-159

Molecular testing for ROS1 rearrangement



Eligible criteria

• ROS1 rearrangement (FISH)

• advanced NSCLC

• ECOG 0-2

• Age of at least 18 years

(n= 50)

Crizotinib 250mg bid

* Primary end point : overall response rate
* Secondary end point : progression free survival, duration of response, adverse events
† According to the Response Evaluation Criteria in Solid tumors (RECIST), version 1.0 

PD†

N Engl J Med 2014;371:1963-71

<Study design : PROFILE 1001>



Progression-free Survival

Median PFS: 19.2 ms

N Engl J Med 2014;371:1963-71



esmo.org

Crizotinib in Advanced ROS1-Rearranged No
n-Small Cell Lung Cancer (NSCLC): Updated 
Results From PROFILE 1001

Median PFS, months 95% CI

19.3 14.8, NR

Progression-Free Survivala

NR, not reached
aData as of cutoff date of 30 November 2014.



Wu YL, et al. J Clin Oncol 2018



Progression-free survival (PFS) as assessed by independent radiology review

Wu YL, et al. J Clin Oncol 2018



Lim SM, et al. J clin Oncol 2017;35:2613-2618

<Independent Review Committee-Assessed Activity>

* Intracranial ORR: 25%/Intracranial disease control: 63%



Progression-free survival

Lim SM, et al. J clin Oncol 2017;35:2613-2618





Other ALK inhibitors 

Davare MA, et al.PNAS 2015 Clin Cancer Res 2015;21(1):166-174





Efficacy in EXP6 (ROS1+ with prior treatment)

EXP6

(n=47)

ORR, n/N (%)

(95% CI)

17/47 (36%)

(23,52)

Median DOR, mo

(95% CI)

13.8

(11.1, NR)

DOR ≥ 6 mo, no/n (%) 12/17 (71)

Median PFS, mo

(95% CI)

9.6

(4.7, NR)

CI, confidence interval; DOR, duration of response; mo, months; NR, not reached 



ROS1 In Vitro Kinase Assay

Proposed Structural Basis for G2032R-Mediated Resistance to Crizotinib

Awad MM, et al. N Engl J Med 2013;368:2395-401



Clin Cancer Res 2015;21(1):166-174



Clin Cancer Res 2015;21(1):166-174



Lin JJ, et al. J  Thorac Oncol 2017



BRAF



BRAF mutations in the context of mitogen-activated protein kinase (MAPK)

RAS

INCREASED
CELLULAR

GROWTH AND
PROLIFERATION

Mutated

BRAF
MEK ERK

In tumor cells, mutated BRAF leads to 
constitutive activation without ligand 
binding to receptors



NRAS 1%

US2

Adenocarcinoma
(Lung Cancer Mutation Consortium)

(N = 733)

EGFR
(sensitizing)

17%

HER2 3%

ALK 8%

MEK1 <1%

MET 1%

Mut >1 gene 3%

No oncogenic
driver detected

36%

PIK3CA 1%

KRAS 25%

EGFR (other)
4%

BRAF 2%
(V600E 1.6%)

France1

NSCLC
(Biomarkers France [IFCT])

(N = 17,664)

BRAF 2%
(V600E 1.4%)

EGFR
(sensitizing)

10.1%

EGFR
(resistance)

0.9%

HER2
1%

KRAS
29%

PI3K 2%
ALK 5%

Unknown/wild t
ype
50%

BRAF mutations in NSCLC

• NSCLC with BRAF V600E mutations has histological features suggestive of an 

aggressive tumor

• Patients with BRAF V600E–mutant NSCLC demonstrated less-favorable outcomes with 

platinum-based chemotherapy

1. Barlesi F, et al. Lancet. 2016;387:1415-1426; 2. Kris MG, Johnson BE, et al. JAMA. 2014;311(19):1998-2006



Prevalence (2-4%)

Driver oncogenes in lung adenocarcinoma (TCGA, n=230)

KRAS
(32.2%)

EGFR
(11.3%)

NF1
(8.3%)

BRAF
(7.0%) None

(24.4%)

Nature 2014;511:543–550

RIT1 (2.2%)

ERBB2 amp (0.9)

MET amp (2.2%)

HRAS (0.4%)

NRAS (0.4%)

RET fusion (0.9%)

MAP2K1 (0.9%)

ALK fusion (1.3%)

ROS1 fusion (1.7%)

ERBB2 (1.7%)

MET ex14 (4.3%)



Frequency of V600E

V600E G469V G469A D594G V600M V600E G469V G469A D594G

Stages I–IIIa Stages IIIb–IV

V600E
(41%) V600E

(71%)

Litvak AM, et al. J Thorac Oncol 2014;9: 1669–1674

V600E K601E D594G D594N K601N L597Q others G466V G469E G469A G466E others

Exon 15

Exon 11

52.5%

7.5%

5.0%

5.0%

5.0%

3.75%

5.0%

6.25%

Lung Cancer 2016;91:23-28

(1-2%)



Comparison of available tests for BRAF mutations 

1. Marchant J, et al. BMC Cancer. 2014;14(519):1-9; 2. THxIDTM-BRAF [package insert]. Marcy-l’Etoile, France: bioMérieux; 2013; 3. Ihle MA, et 

al. BMC Cancer. 2014;14(13):1-13; 4. cobas®  4800 BRAF V600 Mutation Test [package insert]. Branchburg, NJ: Roche Molecular Systems; 

2011; 5. Qu K, et al. J Mol Diag. 2013;15(6):790-795.



Hyman DM, et al. N Engl J Med 2015;373:726-36

Study Design and Cohorts

(total: n= 122)

(n=20)

• Phase 2 “basket trial”

• Primary end point: response rate 



Preliminary Best Response According to Cohort 

Variable NSCLC (n=20) 

Patients with ≥ 1 postbaseline assessment - no. 19

Complete response - no. (%) 0

Partial response - no. (%) 8 (42)

Stable disease - no. (%) 8 (42)

Progressive disease - no. (%) 2 (11)

Missing data - no. (%) 1 (5)

Overall response - no. (%) [95% CI] 8 (42) [20-67]

Hyman DM, et al. N Engl J Med 2015;373:726-36

<mPFS = 7.3 months>



BRF113928 (NCT01336634): study design

Stage IV NSCLC

BRAF V600E

ECOG PS 0-2

≥ 1 platinum-based 

chemotherapy

Cohort A (monotherapy) planned n = 60

Dabrafenib

150 mg BID

Stage 1

n = 20

Stage 2

n = 20

Expansion

n= 20

Cohort B (combination D + T) planned n = 40

Stage IV NSCLC

BRAF V600E

ECOG PS 0-2

1-3 prior treatments

(≥ 1 platinum-based 

chemotherapy)

Dabrafenib

150 mg BID

Trametinib

2 mg QD

Stage 1

n = 20

Stage 2

n = 20

Interim futility analysis

Cohort C (combination D + T 1st line) planned n = 25

Stage IV NSCLC

BRAF V600E

ECOG PS 0-2

No prior treatment

Dabrafenib

150 mg BID

Trametinib

2 mg QD

n = 25

n = 84

n = 57
(2nd-4th line)

n = 36

• Primary endpoint for each cohort: investigator-assessed overall response rate

• Secondary endpoints: duration of response, progression free survival, overall survival,  and safety

Planchard et al. ASCO 2017



Planchard D, et al. Lancet Oncol 2016;17:642-50

(N= 78)

Investigator-assessed ORR 33%

Median PFS 5.5 months (3.4-7.3 months)

Planchard D, et al. Lancet Oncol 2016;17:948-93

(N= 57)

ORR 63.2% (49.3-75.6%)

Median PFS 9.7 months (6.9-19.6 months)

1st - 3rd line failure, BRAF600E-mutant NSCLC



Clinical activity of targeted therapy in BRAF-mutant metastatic non-small cell lung cancer  

Common grade 3/4 adverse events with vemurafenib, dabrafenib, and dabrafenib plus trametinib

The Oncologist 2017;22:786–796



BRF113928 (NCT01336634): study design

Stage IV NSCLC

BRAF V600E

ECOG PS 0-2

≥ 1 platinum-based 

chemotherapy

Cohort A (monotherapy) planned n = 60
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150 mg BID

Stage 1
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Stage 2
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Expansion

n= 20

Cohort B (combination D + T) planned n = 40

Stage IV NSCLC
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ECOG PS 0-2

1-3 prior treatments

(≥ 1 platinum-based 
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Dabrafenib

150 mg BID

Trametinib

2 mg QD

Stage 1

n = 20

Stage 2

n = 20

Interim futility analysis

Cohort C (combination D + T 1st line) planned n = 25

Stage IV NSCLC

BRAF V600E

ECOG PS 0-2

No prior treatment

Dabrafenib

150 mg BID

Trametinib

2 mg QD

n = 25

n = 84

n = 57
(2nd-4th line)

n = 36

• Primary endpoint for each cohort: investigator-assessed overall response rate

• Secondary endpoints: duration of response, progression free survival, overall survival,  and safety

Planchard et al. ASCO 2017



Planchard D, et al. Lancet Oncol 2017;18:1307-16

Best confirmed response CR

PR

SD

PD

NE

ORR: 64% (95% CI, 46%-79%) 
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Investigator-assessed maximum change in target lesion by best response
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Number of Patients at Risk
36 25 18 11 4 1 1 1 0

Investigator Assessed
(n = 36)

IRC Assessed
(n = 36)

Events, n (%) 24 (67) 22 (61)

Median (95% CI), mo 10.9 (7.0-16.6) 14.6 (7.0-22.1)

6-mo rate (95% CI), % 72 (53-84) 69 (51-82)

95% CI

BRF113928 cohort C: Progression-free survival

Planchard D, et al. Lancet Oncol 2017;18:1307-16







Trials evaluating targeted therapies in BRAF-mutant NSCLC

The Oncologist 2017;22:786–796





Summary

• Next-generation tyrosine kinase inhibitors (TKIs) have shown 
increased response rates and progression-free survival compared 
with first-generation TKIs in EGFR-mutated and ALK-rearranged 
NSCLC. 

• However, because of the lack of overall survival data, definitive 
conclusions concerning the best treatment sequence can not yet 
be drawn in especially EGFR-mutated NSCLC.

• Emerging oncogenes such as rearranged ROS1 and mutant BRAF
(V600E) have joined the list of targetable drivers.

• Optimal therapeutic combinations to overcome the resistance 
and treatment sequence represent the toughest upcoming 
challenges in the domain of targeted therapy. 




