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NSCLC Drivers  

Courtesy Suda and Mitsudomi 2013 



Definition of drivers? 

 
 
 
 

Cre-mediated activation in lung indicate that (V600E)BRAF mutation can drive tumour 
initiation and that its primary effect is to induce high levels of cyclin D1-mediated cell 

proliferation 



Oncogenic vs canonical signalling 

Sullivan , Eur J Cancer 2012 



First evidences of BRAF V600E mutations 
Davies H. & al. Nature 2002 



BRAF mutations in NSCLC 

• BRAF missense mutations in exons 11 or 15 are evidenced in 2-5% of NSCLC 
• > 50% of NSCLC BRAF mutations are non-V600E (G469A (40%), D594G (10%)) 
• V600E mutations might be correlated to non-smoking habit while the contrary might 
hold true for exon 11 mutations 



Marchetti JCO 2011 

BRAF-related prognosis in  
resected NSCLC 

BRAF mutations in 36 ADCs (4.9%) and 
one SCC (0.3%). 56.8% were V600E, 
and 43.2% were non-V600E. 
 
 
V600E mutations were significantly 
more prevalent in females and an 
aggressive micropapillary subtype 
with shorter disease-free and overall 
survival rate. 



BRAF Mutated Lung Cancer: 
Clinical Features and Outcomes 

1 Palk J Clin Oncol 2011 2 Marchetti J Clin Oncol 2011 3 Cardarella Clin Cancer Res 20134 Villaruz 
Cancer 2015, 5 Litvak J Thor Oncol 2014, 6 Brustugum Lung Cancer 2014 

 1 2 3 4 5 6 

Country US Italian US US US Norway 

Patients, n 697 1046 883 951 NA 979 

BRAF n (%) 18 (3) 36 (3.5) 36 (4) 21 (2) 63 (NA)  17 (1.7) 
(AC 2.3) 

V600E  50% 58% 50% 81% 57% V600E only 

Smoking smokers never 
smokers 

no difference smokers smokers 71% (ex-) 
smokers 

Survival same worse same same same NA 

Comparator EGFR/ALK
/ KRAS+ 

BRAF WT BRAF/EGFR/ 
KRAS/ALK WT 

other 
drivers 

EGFR/KR
AS+ 

NA 



 
• V600 had a better survival than non-V600 (3-year OS: 24% 

versus 0%; p < 0.001).  
 
 
 
 
 

 
• Within the BRAF cohort, patients with V600E-mutated tumors 

had a shorter PFS to platinum-based chemotherapy compared 
with those with non-V600E mutations (4.1 vs. 8.9 months; NS) 
 

 



BRAF mutation type  
according to tumour stage? 

 

Litvak, J Thor Oncol 2014 

Stage I-IIIA  Stage IIIB/IV 



BRAF type I and type II inhibitors are available 

Sorafenib docked to BRAF WT 

Vemurafenib docked to BRAFV600E 

Pocket specific  
of active state 

Pocket specific  
of inactive state 

Sorafenib stabilises the enzyme in inactive conformation of the kinase (Type 2-
binding model), whereas the other inhibitors stabilise the enzyme with the DFG-
loop in the ATP pocket (Type 1-binding model). 
 
All of these inhibitors are less-potent inhibitors of RAF–MEK–ERK signalling in cells 
expressing wild-type BRAF and in fact paradoxically activate the pathway, 
especially in cells with activating RAS mutations. 



BRAF V600E type I inhibitors: Vemurafenib 

• Vemurafenib is a first in class inhibitor targeting activated BRAF V600E 
kinase (type I inhibitor) 

• Kinome specificity profile: 

 

 

 

 

 

 

 

 

• FDA and EMA approved: 2011/12 

Davis & al. Nat. Biotech. 2011 

Bollag & al. Nature 2010 

Target Kinase IC50 (nM) 

BRAF V600E 31 

BRAF WT 100 

CRAF 48 







VE-BASKET: A First-in-Kind, Phase 2, Histology-Independent 
“BASKET” Study of Vemurafenib in 

Non-melanoma Solid Tumors Harboring  
BRAFV600 Mutations 

• Simon 2-stage adaptive design1 

• Primary endpoint: response rate at Week 8 
• Secondary endpoints: PFS, TTP, BOR, TTR, DOR, CBR, OS, safety 

1. Lin Y, Shih WJ. Biometrics. 2004;60(2):482-490. 
2. Tabernero J et al. ASCO Meeting abstract #3518 to be presented Saturday, May 31, 2014. 

ECD, Erdheim-Chester disease; LCH, Langerhans cell histiocytosis; NSCLC, non-small cell lung cancer.  



Preliminary Change From Baselinea 

ECD/LDH 
(confirmed) 

Presented by: David M. Hyman 

ECD, Erdheim-Chester disease; LCH, Langerhans cell histiocytosis; NSCLC, non-small cell lung carcinoma; PD-NSC carc., 
poorly differentiated non-small cell carcinoma. 

Not evaluable 

Stable disease 

Partial 
response 

Complete 
response 

Progressive 
disease 

One patient died before evaluation. 

aOnly includes patients who had measurable disease at baseline based on RECIST and at least 1 posttreatment evaluation. 



Preliminary Efficacy Evaluation: Best 
Overall Response 

 
Patients, n (%) 

NSCLC 
(n=19) 

CLC 
(n=7)a 

ECD/LCH 
(n=11)b 

 
 
Timing of Analysis 

 
Best Confirmed Overall 

Response 

Unconfirmed 
Preliminary Overall 

Response at 
Week 8 

 
Best Confirmed Overall 

Response 

Complete response – – 1 (9.1) 

Partial response 8 (42.1) – 3 (27.3) 

Stable disease 6 (31.6) 4 (57.1) 6 (54.5) 

Progressive disease 3 (15.8) 3 (42.9) – 

Not evaluable 2 (10.5)c – 1 (9.1)d 

Clinical benefite 
95% CI 

14 (73.7)  
48.8-90.9 

4 (57.1) 
18.4-90.1 

10 (90.9) 
58.7-99.8 

CI, confidence interval; CLC, cholangiocarcinoma; CR, complete response; ECD, Erdheim-Chester disease; LCH, Langerhans cell histiocytosis;  
NSCLC, non-small cell lung carcinoma; PR, partial response; SD, stable disease. 
aUnconfirmed preliminary overall response at Week 8. In cohort 4 (CLC), 2 patients had a late response (PR) at Week 24 (unconfirmed) and Week 16 (confirmed). 
bTable includes only patients who had measurable disease at baseline and at least 1 posttreatment evaluation based on RECIST. 
c1 patient died and 1 patient withdrew consent before Week 8 evaluation. 
dPatient withdrew from study because of an adverse event before Week 8 evaluation. 
eClinical benefit = PR, CR, or SD.  

Presented by: David M. Hyman 



Time to Response and Progression 



Mode of Action 

• Reversible, small molecule  

• ATP competitive 

 

Molecular Activity: 

BRAF V600E: IC50 0.65 nM  

BRAF WT: IC50 3.2 nM  

 

Selectivity: 

• IC50 of 10-100 nM against 8 of  

    282 human kinases 

BRAF V600E type I inhibitors: Dabrafenib 



BRAF inhibitor phase 2 trial in NSCLC 

Planchard, ASCO 2014 



BRAF inhibitor phase 2 trial in NSCLC 





BRAF inhibitor phase 2 trial in NSCLC 



BRAF inhibitor phase 2 trial in NSCLC 



 
• Inhibition of BRAF by vemurafenib « relieves » a negative feedback loop 

that keeps EGFR inactive 

• Activated RAS causes resistance inducing RAF dimers formation 

Janne, Nature  2012 



Melanoma story:  
V600E BRAF and MEK dual inhibition 

R
TK

 
RAS 

WT BRAF 

MEK 

ERK 

Cell survival 
& proliferation 

R
TK

 

RAS 

BRAF V600E 

MEK 

ERK 

Cell survival 
& proliferation 

Dabrafenib 
Vemurafenib 

✗ 

Trametinib 
Cobimetinib 

✗ ✗ 

Melanoma cell 

Resistances: 

• BRAF splice 

variant 

• NRAS, MEK 

mutations 

• COT… ✗ 
CRAF 

Oncogenic RAS 

Altered non 

melanoma cell 

Improved 

PFS 



Rudin, JTO 2013 

BRAF resistance mechanisms in 
NSCLC? 



BRAF resistance mechanisms in 
NSCLC? 

• Activation of signalling through HER-3 as a 
mechanism of resistance/refractoriness to 
BRAFi/MEKi? 

• HER-3 pathway activation observed in 
patients? 

 

Combination of MEK or BRAF TKI and a pan-
HER TKI? What can we achieve in the clinic? 

 



Conclusions (1) 

BRAF mutated NSCLC represent  small distinct subgroups of oncogene 
addicted cancers with specific demographics and potentially outcomes 
 
Prognostic feature BRAF mutations remain to be studied in large 
cohorts of patient 
 
We identified some men and heavy smokers (up to 60 packs-year) 
suggesting that and BRAF testing should not be restricted to clinically 
defined subgroups 
 
The targeted strategy against BRAF requires a prospective evaluation in 
large collaborative international clinical trials. 
BRAF non-V600E mutated NSCLC treatment remains to be explored. 



Conclusions (2) BRAF trials 
A Phase II Study of the BRAF Inhibitor Dabrafenib as a single-agent and in 
combination with the MEK Inhibitor Trametinib in ongoing in Subjects With 
BRAF V600E NSCLC (NCT01336634) 
 
A Phase Ib/II, multicenter, open-label, dose escalation study of LGX818 in 
combination with MEK162 in patients with BRAF V600 - dependent advanced 
solid tumors (NCT01543698) is recruiting 
 
BASKET study (NCT01524978) of Vemurafenib with expansion phase in NSCLC 
ongoing 
 
Several early phase 1 trials including RTKi (EGFR, HER1-3, MET) and BRAF TKIs 
as well as intremittent schedules ongoing 

 



Thanks for your attention 


