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Disclosures 

• I will discuss off-label use of trametinib. 
 

• I have served as a consultant for Pfizer, Novartis, Loxo Oncology. 



How do we accelerate drug discovery? 

1.Define the Targets – V600E BRAF 

2.Identify a “drug” – MEK/RAF inhibitor 

3.Identify the Patients - Tumor harbors a BRAF mutation 

 

If correct “Target” and correct “Patient” – Why no Response/Cure? 

• Inadequate pathway inhibition  Resistance 

• Other co-mutations (need combo)  Resistance 

• Rapid adaptation Resistance 



P
D

0
3

2
5

9
0

1
 I

C
5

0
 (

n
M

) 

RAS/RAF WT RAS Mutant BRAF Mutant 

0 

20 

40 

60 

80 

>100 

B
T4

7
4

 

M
C

F7
 

Sk
B

r3
 

M
D

A
4

6
8

 

A
4

3
1

 

SK
M

EL
3

1
 

H
2

0
3

0
 

A
5

4
9

 

H
C

T1
1

6 

SK
M

EL
2

 

SK
M

EL
1

0
3 

SK
M

EL
3

0 

SK
M

El
1 

SK
M

EL
5

 

SK
M

EL
1

9 

SK
M

EL
2

8
 

M
A

LM
E 

3
M

 

C
o

lo
2

0
5

 

D
U

4
4

7
5

 

BRAF mutation predicts for sensitivity to MEK inhibition 

Solit et al., Nature, 2006 

Ras 

Raf 

MEK 

ERK 

RTK (Kit, EGFR) 

MAPK Signaling 

PD0325901 
AZD6244 

GSK1120212 
CK127  

PLX4032 
GSK2118436  

Imatinib 
Erlotinib 

?Other effectors 



Summary of objective tumor responses 

Objective tumor response/ 
unconfirmed response 

No. of patients 
(%), n=21 

Complete response 1 (4.8) 

Unconfirmed partial response 1 (4.8) 

Stable disease >6 weeks 6 (28.6) 

Progressive disease 4 (19.0) 

Not evaluable 9 (42.9) 

Patients with RECIST measurable disease at entry to study 

2.8cm at 

baseline 

24th July 2007* 

7th November 2007* 

* BRAF mutation positive melanoma patient with a complete 
response after 16 weeks of therapy  Agarwal et al., ASCO 2008 



PTEN null melanoma cells harboring V600E BRAF mutation 
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Xing et al., Oncogene, 2011 
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BRAF mutant/PTEN null cells exhibit a cytostatic response to MEK-inhibition 
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Xing et al., Oncogene, 2011 
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Mel-190 (V600E BRAF, PTEN deleted) 
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Mel-39 (V600E BRAF, PTEN E184fs*5) 

Concurrent MEK/PI3K inhibition is synergistic in 
some BRAF mutant/PTEN null models 

Xing et al., Oncogene, 2011 
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Melanomas with RB1 mutation/deletion are 
wild-type for p16 

Xing et al., Oncogene, 2011 
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Model 

RAF/MEK-dependence 

CDKN2A deletion 

Transformation 

BRAFV600E 

+ 

BRAFV600E 

Senescence 

PTEN loss +/- 

CDKN2A 

Transformation 

BRAFV600E 

+ 

PTEN loss + 

RB1 loss 

Transformation 

BRAFV600E 

+ 

We have gotten good at identify BRAF mutations.  Can we prospectively identify patients 
with PTEN, RB1 loss in the clinic? 



Are there key non-MEK effectors of BRAF? 

Joseph E W et al. PNAS, 2010 
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PreTx 15 days 

Dramatic Responses to PLX4032 (vemurafenib) in 
patients with advanced V600E BRAF mutant melanoma 

Flaherty et al., NEJM, 2010 

Progression-Free Survival 



Best overall response  
(independently reviewed) 

 

RECIST 30% Decrease 

*** 

69/132 = 52.3% 

Sosman et al, ASCO 2011 



PIK3CB: chr3 

PIK3CA: chr3 

MDM2: chr12 

PTEN: chr10 

23 y.o. male, pretreatment soft tissue metastasis, primary refractory to vemurafenib 
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51 y.o. male, pretreatment soft tissue metastasis, complete response to vemurafenib 
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66 of 191 melanoma cell lines (35%) are wild-type for BRAF and NRAS 

! " #$%&' ( ( ) %
*+, %

! "#$%&' ( ( - %
. , %

! "#$%/012345%
6, %! "#$%/&' ( ( 5%

789%: "# ; %
<. , %

! "#$%%
/808=&' ( ( 5%%
789%: "# ; %

<. , %

: "# ; %> ' . "%
?, %

: "# ; %> ' . - %
' , %: "# ; %> ' . @%

6, %

! "#$A: " # ; %
B C%
D+, %

n=191 



Pan-RAS	

Ac nin	

SK
-M

el
-3
0	

SK
-M

el
-2
39
	

M
eW

o
	

SK
-M

el
-2
3	

SK
-M

el
-1
1
3
	

SK
-M

el
-2
8
5
	

SK
-M

el
-3
04
	

SK
-M

el
-3
6
6
	

BRAF/NRAS	WT	

N
R
A
S	
Q
6
1
K
	

B
R
A
F	
V
6
0
0E
	

NF1	

Pan-RAS	

An body:	 sample:	

WCL	

IP:	
Raf-1	RBD	

NF1 is lost in some cell lines with active RAS 



NF1-null cell lines have activation of N- and KRAS 
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Genomic alteration of NF1 overlaps with TP53, CDKN2A, and RAS in melanoma cell 
lines and tumors 

Nikolaus Schultz 

V600E 



NF1-/- MPNSTs are dependent on mTOR and sensitive to Rapamycin 

(Johannessen, Johnson et al. 2008) 

Are NF1-null melanoma cell lines also dependent on mTOR? 
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NF1 null cell lines are sensitive to the MEK inhibitor PD0325901 by growth in vitro, 
though less than BRAF(V600E) cell lines 

IC50 fit curves of NF1 null cell lines
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Relative resistance of NF1 null cells to MEK inhibition is associated with rebound in 
ERK activity and cyclin D1 expression. 

IC50 fit curves of NF1 null cell lines
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(Gilmartin, Bleam et al. 2011) 

The MEK inhibitor trametinib (GSK1120212) inhibits MEK activation as well as MEK 
kinase activity 
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Inhibition of MEK hyperphosphorylation despite RAS and RAF hyperactivation is 
associated with durable inhibition of pERK and CyclinD1 
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IC50 curves with PD0325901 

IC50 curves with trametinib 
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Genomic alteration of NF1 overlaps with TP53, CDKN2A, and RAS in melanoma cell 
lines and tumors 

Nikolaus Schultz 

V600E 



RAS-GTP is elevated in a BRAF(V600E) cell line with NF1 loss 
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NF1 null BRAF(V600E) cell line M308 is insensitive to the RAF inhibitor Vemurafenib 
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Summary 

• NF1 mutations are common in patients with melanoma. 

• Loss of NF1 is associated with RAS activation. 

• NF1 loss is not associated with maximal activation of RAS. 

• NF1 mutations commonly co-occur with mutations in RAS 
and BRAF. 

• Co-mutation of NF1 with BRAF is associated with activation 
of RAS and resistance to RAF inhibitors. 

• MEK inhibitors that abrogate RAF phosphorylation of MEK 
are more effective in tumors with NF1 loss. 



MSKCC Center for Molecular Oncology Profiling Initiative 

Primary Goal – Define the molecular driver in every patient. Begin with the 
12,000/year with recurrent/metastatic disease. 

Secondary Goal – Identify germline variants that contributed to cancer initiation.   

Major Hurdle: Genotyping is only “standard of care” for select solid tumors 
(Lung, Colorectal, Melanoma, GIST, ?Thyroid).  

MSKCC Plan: We will perform free IMPACT (341 genes) testing on a large cohort 
of patients from each RNB cancer type. This takes cost out of the equation; for 
efficiency same assay for all patients. Results reported in the chart. 

Patients are enrolled on IRB 12-245. At enrollment, consent obtained for: 
IMPACT, whole exome/genome/etc for discovery, review of germline data with a 
mechanism to return relevant germline results to patient.  

Primary endpoint will be to determine whether treatment was impacted by the 
genotyping results.   
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Do  we still need targeted therapies for 
melanoma in an era of active immunotherapy 

Lebbe et al., Annals of Oncology, in press 



Do  we still need targeted therapies for 
melanoma in an era of active immunotherapy 

Wolchok et al., NEJM, 2014 



Lawrence et al., Nature, 2013 
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