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Genetic alterations in melanoma 

1985:N-RAS mutation 

2002: B-RAF mutation 

2006: c-KIT mutation 

2005: CDK4 mutation 

2009: GNAQ mutation 

2009: erbB4 mutation 

1997: PTEN loss 

1994: loss of CDKN2 



CSD versus non-CSD melanomas 

CSD 
non-CSD 

acral mucosal 
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KIT mutations/amplifications preferentially found in 

CSD, mucosal and acral melanomas 

© CU Blank 2011 



Melanoma overall genetic alterations 

BRAF mutations (50 distinct mutations)     60-66% 

 BRAFV600E (80% of BRAF mutations)     50% 

NRas mutation           15-33% 

PTEN loss  in melanoma cell lines      30% 

  human primary tumors        10% 

  human melanoma metastases      58% 

constitutive AKT3 activity        43-67% 

c-KIT mutations/amplifications mucosal/acral/CSD    39/36/28% 

         non-CSD     0% 

TP53 mutation/deletion  primaries/metastases  1-5/11-25% 

mTOR-activation          67-75% 

MTIF amplification  primaries/metastases   11/15% 

GNAQ/GNA11  cutaneous/primary/metastasized uveal  0/77/79% 

Ibrahim et al. Ann Rev. Pathol 2009, Smalley J Inv Derma 2009, Raamsdonk et al NEJM 2010  
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Davies et al. 

Nature 2002 

© CU Blank 2011 



# BRAF NRAS BRAF+NRA

S 

Wild-

type 

All 677 47% 

 

Mt             %BRAF 

V600E         72% 

V600K         23% 

V600R/L        4% 

Non-V600      2% 

20% 

 

Mt        %NRAS 

Q61R         39% 

Q61K         24% 

Q61L         15% 

Q61H/60E   4% 

G12/13      18% 

0.6% 

 

 

V600E/Q61K 

V600E/Q61R 

V600K/Q61R 

V600R/Q61K 

32% 

Stage 

IV 

530 49% 20% 0.8% 31% 

BRAF and NRAS mutation frequencies 

Jakob et al. MD Anderson; ASCO 2011 



Associations between 

initial diagnosis and mutations 

N BRAF NRAS WT p 

Age, Median (yrs) 667 49.8 55.7 59.5 <0.0001 

Primary site 

   Cutaneous 

   Mucosal 

   Uveal 
   Unknown 1° 

665 

516 

28 

11 

110 

 

49% 

7% 

0% 

53% 

 

21% 

18% 

0% 

19% 

 

30% 

75% 

100% 

28% 

 

<0.0001 

Jakob et al. MD Anderson; ASCO 2011 



BRAF mutations are found  

preferentially in younger patients 

Age No. BRAF mutant V600E V600K 

20-30 14 86% 83% 0% 

31-40 30 80% 92% 8% 

41-50 42 50% 76% 14% 

51-60 58 41% 67% 29% 

61-70 103 48% 71% 24% 

>70 65 22% 50% 21% 

Georgina Long et al., abstract # 8507, ASCO 2011 



BRAF  

V600E 

Targeting BRafV600E by PLX4032                     
(RG7204, RO5185426, vemurafenib) 

Sekulic et al. 2008 
Bollag et al. 2010 

(PLX4720) 

(pERK) 
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Phase I (BRIM 1): PLX4032 induces in 60-70% of BRafV600E 

mutant carriers responses with a median PFS of 6.5 months 

Flaherty et al. 

NEJM 2010 
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Vemurafenib fase I overall survival:  

Updated KM estimates (Aug. 2011) 

Median OS (month) 

Dose escalation 25.2 

Extension 13.8 

WT or sub-therapeutic.  4.18 

Extension cohort landmark 
Estimated survival: 1 year = 50%, 2 years = 38% 

— V600E dose escalation  
 (n=16) 

— Extension (n=32) 

— WT or sub-therapeutic 
 exposure (n=33) 
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Phase II (BRIM 2): 50% (68% unconfirmed) responses in      

132 BRafV600E patients, with a median PFS of 6.2 months 

Sosman et al. presentation   

7th Int Melanoma Cpngress 

Sydney Nov 2010 
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Phase III (BRIM 3): the NKI-AVL experience - screening 

between 4/2010 and 11/2010 

79 patients informed consent 

 

73 screened for BRafV600E 

41 WT Braf 

32 BrafV600E (43.8%) 

 

25 randomized 

14 receiving DTIC 

10 receiving PLX4032  

(1 excluded in retrospective) 

675 patients 

BRafV600E+ 

treatment 

naïve 

WHO 0-1 

CNS meta neg. 

R 

DTIC 1000mg/m2 

q3wk i.v. 

PLX4032 960mg 

bid p.o. 

© CU Blank 2011 



Patient characteristics 

Dacarbazine 

(N=338) 

Vemurafenib 

 (N=337) 

Median age, yr  52.5  56.0 

Male, no. (%) 181 (54) 200 (59) 

ECOG PS , no. (%): 

   0                              230 (68) 229 (68) 

   1 108  (32) 108  (32) 

Stage, no. (%) 

   Unresectable IIIc 13 (4) 20 (6) 

   M1a 40 (12) 34 (10) 

   M1b 65 (19) 62 (18) 

   M1c 220 (65) 221 (66) 

LDH >ULN 142 (42) 142 (42) 
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Vemurafenib (N=337) 

Est 6 mo survival 83% 

Median follow-up 6.2 mo 

Dacarbazine* (N=338) 

Est 6 mo survival 63% 

Median follow-up 4.5 mo 
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Hazard ratio 0.44  
(95% CI; 0.33 - 0.59) 

Post-progression use of ipilimumab: 17% dacarbazine patients vs 6% vemurafenib patients 
 

Dacarbazine 
median OS 7.9 
mo 

*Dacarbazine patients who received vemurafenib after the IA (by DSMB recommendation; N=50) were censored at 
the date of crossover 





Phase III (BRIM 3): the NKI-AVL experience ï adverse events 

kerathoakanthoma 

squamous cell carcinoma 
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GSK2118436 
a second BRAF inhibitor  

currently tested in phase III 

 

 

 

 



Phase I/II study of GSK2118436, a selective inhibitor of 

oncogenic mutant BRAF kinase, in patients with metastatic 

melanoma and other solid tumors 
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2010 ASCO Annual meeting, J Clin Oncol 28:15s, 2010 (suppl; abstr 8503)  



BRAF GSK2118436 shows efficacy in melanoma  

 

 

                                                                                                                                                                                                                                                                      

   

© CU Blank 2011 

BRF113683 

investigator 

meeting 

Munich 2011 



BRF113683 – phase III studie testing GSK2118436 versus DTIC first line 
in stage IV melanoma patients in cross-over design 
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200 patients 

BRafV600E+ 

treatment naïve 

WHO 0-1 

CNS meta neg. 

randomized 3:1 

 
Key exclusion 

criteria: 

R 

DTIC 1000mg/m2 

q3wk i.v. 

GSK2118436 

150mg bid p.o. 

cross-over to 

GSK2118436 

150mg bid p.o. 

in case of PD 

ÅPrevious treatment with a BRAF or MEK inhibitor 

ÅKnown ocular or primary mucosal melanoma 

ÅCurrently receiving cancer therapy (chemotherapy, radiation 

therapy, immunotherapy, biologic therapy, or surgery 

ÅEvidence of active CNS disease (radiographically unstable, 

symptomatic lesions) 

ÅAny investigational anti-cancer or other drug within 28 days or 5 

half-lives of first dose. 

ÅAny major surgery, radiotherapy, or immunotherapy within the last 

4 weeks 

ÅHistory of known HIV 

ÅHistory of other malignancy.   



BRAF inhibition ï conclusions 

Å  fast response 

 

Å  high response rate 

 

Å  manageable adverse events 

 

Å  complete responses seldom 

 

Å  disease control often only temporary 

 

 

ü  combination with other small molecules? 

 

ü  combination with immunotherapy? 
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BRAF  

V600E 

Targeted therapy ï future steps 

Sekulic et al. 2008 

(pERK) 
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BRAF inhibitor 

MEK inhibitor 

ERK inhibitor 

PI3K & AKT inhibitors 

mTOR inhibitor 



BRAF  

V600E 

Targeted therapy ï BRAFi & MEKi combination 

Sekulic et al. 2008 

(pERK) 
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BRAF inhibitor 

MEK inhibitor 



Cutaneous melanoma 
 

 BRAFV600Emut positive 

  vemurafenib EAP (NKI-AVL, VU, LUMC, UMCG, Amphia, UMCU, 

         EMC, Tergooi, UMCN) 

  phase III BRAF inhibitor + MEK inhibitor (NKI-AVL,é) 

  phase I/II MEK inhibitors (NKI-AVL, UMCN) 

  phase I ERK inhibitor (???) 

  phase I PI3K/AKT/mTOR inhibitors (NKI-AVL, UMCU) 
 

 BRAFwt, NRASmut positive 

  phase I/I MEK inhibitors (NKI-AVL, UMCN) 

  phase I PI3K/AKT/mTOR inhibitors (NKI-AVL, UMCU) 
 

 BRAFwt, NRASwt 

  phase I PI3K/AKT/mTOR inhibitors (NKI-AVL, UMCU) 
 

 c-KITmut positive 

  phase II nilotinib (UMCN, VUmc) 
 

Uveal melanoma 
 

 phase I oral PKC inhibitor (LUMC) 

 phase II ipilimumab+radiofrequency ablation (NKI-AVL) 

 

Targeted therapies in melanoma ï studies in NL 




