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  signaling	
  pathway	
  has	
  been	
  
implicated	
  in	
  human	
  oncogenesis	
  

 Mutations	
  in	
  BRAF	
  have	
  been	
  found	
  in	
  8%	
  of	
  human	
  
cancers	
  
 50%	
  of	
  melanomas	
  
 30-­‐70%	
  of	
  thyroïd	
  cancers	
  
  10%	
  of	
  colorectal	
  cancers	
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  Ras-­‐Raf-­‐MEK-­‐ERK	
  signalling	
  pathway	
  has	
  been	
  
implicated	
  in	
  human	
  oncogenesis	
  

 Mutations	
  in	
  BRAF	
  have	
  been	
  founed	
  in	
  8%	
  of	
  human	
  
cancers	
  

 Metastic	
  melanoma	
  is	
  an	
  agressive	
  disease	
  for	
  which	
  
there	
  are	
  few	
  effective	
  therapies	
  
 The	
  2	
  therapies	
  approved	
  by	
  the	
  FDA	
  are	
  high	
  dose	
  Il-­‐2	
  
and	
  decarbazine:	
  response	
  rates	
  10-­‐20%	
  

 Neither	
  improve	
  overall	
  survival	
  
 The	
  median	
  survival	
  among	
  patients	
  treated	
  with	
  
decarbazine	
  <8	
  months	
  



Discovery	
  of	
  selec)ve	
  inhibitors	
  of	
  
oncogenic	
  B-­‐Raf	
  kinase	
  



 20	
  000	
  compounds	
  (150-­‐350	
  daltons)	
  were	
  screened	
  at	
  
concentration	
  of	
  200µM	
  for	
  multiple	
  kinase	
  affinity	
  

 238	
  compounds	
  inhibited	
  the	
  activity	
  of	
  of	
  Pim-­‐1,	
  p38	
  
and	
  CSK	
  by	
  at	
  least	
  30%	
  

 More	
  than	
  100	
  structures	
  showing	
  compound	
  bound	
  
to	
  kinase	
  were	
  solved	
  by	
  cocrystallography	
  

 The	
  structure	
  of	
  7-­‐azaindole	
  binding	
  to	
  ATP-­‐binding	
  
site	
  was	
  solved	
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 7-­‐azaindole	
  has	
  IC50	
  >200µM	
  for	
  Pim-­‐1	
  
 Mono-­‐substituted	
  7-­‐azaindoles	
  with	
  increasing	
  
affinity	
  were	
  synthesized	
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 7-­‐azaindole	
  has	
  IC50	
  >200µM	
  for	
  Pim-­‐1	
  
 Mono-­‐substituted	
  7-­‐azaindoles	
  with	
  increasing	
  
affinity	
  were	
  synthesized	
  	
  

 Mono	
  and	
  di-­‐substituted	
  7-­‐azaindoles	
  were	
  screened	
  
against	
  B-­‐raf	
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  Cellular	
  selec)vity	
  of	
  B-­‐Raf	
  inhibitors	
  

 Cell	
  line	
  mutation	
  
status	
  and	
  PLX4032	
  
affect:	
  
 Cellular	
  
proliferation	
  

 MEK	
  and	
  ERK	
  
phosphorylation	
  

 Cell	
  cycle	
  and	
  
apoptosis	
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  PLX4032	
  affects	
  melanoma	
  xenograH	
  tumor	
  growth	
  



  Scaffold-­‐based	
  drug	
  design	
  approach	
  and	
  Crystallography-­‐guided	
  
optimization	
  allowed	
  discovery	
  of	
  BRAF	
  (V600E)	
  inhibitors	
  

  PLX4720:	
  a	
  highly	
  selective	
  inhibitor	
  

  PLX4032:	
  a	
  partially	
  selective	
  inhibitor	
  

  Both	
  inhibitors	
  show	
  activity	
  in	
  cellular	
  	
  assays	
  

  ERK	
  phosphorylation	
  

  Cell	
  proliferation	
  

  In	
  BRAF	
  (V600E)-­‐mutant	
  xenograft	
  studies,	
  both	
  inhibitors	
  
demonstrated	
  dose	
  dependant	
  inhibition	
  of	
  tumor	
  growth	
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  Due	
  to	
  their	
  pharmakokinetics	
  in	
  rodents,	
  PLX4032	
  	
  and	
  PLX4720	
  were	
  
prioritized	
  over	
  a	
  panel	
  of	
  related	
  compounds	
  

  PLX4032	
  was	
  chosen	
  over	
  PLX4720	
  because	
  its	
  pharmakokinetic	
  
properties	
  scaled	
  more	
  favoably	
  in	
  beagle	
  dogs	
  and	
  cynamologus	
  
monkeys	
  

  What	
  does	
  this	
  mean	
  ??????????	
  	
  	
  	
  	
  	
  	
  ;-­‐/	
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I	
  Primary	
  goals	
  
 To	
  define	
  the	
  safety	
  and	
  pharmakokinetic	
  characterisctics	
  
of	
  treatement	
  with	
  continuous,	
  twice	
  daily	
  administration	
  
of	
  PLX4032	
  

 To	
  determine	
  the	
  maximum	
  dose	
  that	
  could	
  be	
  
administered	
  until	
  Adverse	
  effects	
  prevented	
  furthur	
  
increases	
  (recommended	
  phase	
  II	
  dose)	
  

 To	
  determine	
  the	
  objective	
  response	
  rate,	
  the	
  duration	
  of	
  
response	
  and	
  the	
  rate	
  of	
  progression	
  among	
  patients	
  who	
  
had	
  melanoma	
  tumors	
  with	
  the	
  V600E	
  BRAF	
  mutation	
  and	
  
who	
  were	
  given	
  the	
  recommended	
  phase	
  2	
  dose	
  of	
  PLX4032	
  



II	
  Methods	
  
i	
  Study	
  design	
  
 Dose	
  escalation	
  phase	
  

  The	
  drug	
  was	
  formulated	
  as	
  a	
  highly	
  bioavailable	
  microprecipitated	
  
bulk	
  powder	
  

  Patients	
  enrolled	
  initially	
  received	
  the	
  MBP	
  formulation	
  at	
  dose	
  of	
  
80mgx2/day	
  

  Doses	
  were	
  not	
  escalated	
  unless	
  patients	
  received	
  min	
  4	
  weeks	
  of	
  a	
  
given	
  dose	
  with	
  dose-­‐limiting	
  side	
  effects	
  observed	
  in	
  <1/3	
  

  The	
  recommended	
  phase2	
  dose	
  was	
  defined	
  as	
  the	
  highest	
  dose	
  at	
  
which	
  no	
  more	
  than	
  1/6	
  patients	
  had	
  dose-­‐limiting	
  side	
  effects	
  



II	
  Methods	
  
i	
  Study	
  design	
  
 Dose	
  escalation	
  phase	
  

  Extension	
  phase	
  

  Using	
  recommended	
  phase	
  2	
  dose	
  

  A	
  cohort	
  with	
  V600E	
  BRAF	
  melanoma	
  was	
  treated	
  



  Eligibility	
  criteria	
  

  Written	
  informed	
  consent	
  

  Age	
  18	
  or	
  more	
  

  Solid	
  tumor	
  confirmed	
  histologically,	
  refractory	
  to	
  standard	
  therapy	
  or	
  for	
  
which	
  standard	
  therapy	
  did	
  not	
  exist	
  

  Eastern	
  Cooperative	
  Oncology	
  Group	
  performans	
  status	
  score	
  of	
  0	
  or	
  1	
  

  Life	
  expectancy	
  of	
  3	
  months	
  or	
  longer	
  

  Absence	
  of	
  known	
  progression	
  or	
  unstable	
  brain	
  metastases	
  

  Adequate	
  hepatic,	
  hematologic	
  and	
  renal	
  function	
  

II	
  Methods	
  
ii	
  Pa)ents	
  



  Eligibility	
  criteria	
  

  In	
  the	
  dose	
  escalation	
  phase	
  

 Trial	
  open	
  to	
  patients	
  with	
  any	
  type	
  of	
  tumor	
  

  In	
  the	
  extension	
  cohort	
  

 V600E	
  BRAF	
  mutation	
  harboring	
  melanoma	
  patients	
  

II	
  Methods	
  
ii	
  Pa)ents	
  



 Safety	
  evaluations	
  

  	
  at	
  baseline,	
  day	
  8,	
  day	
  15,	
  day	
  29	
  and	
  every	
  4	
  weeks	
  thereafter	
  

  Physical	
  examination	
  

  ECG	
  

  Blood	
  count,	
  chemical	
  testing	
  and	
  urinalysis	
  

  Adverse	
  events	
  were	
  graded	
  according	
  to	
  the	
  Common	
  Terminology	
  
Criteria	
  for	
  Adverse	
  Events	
  (version	
  3.0)	
  

  Protocol	
  was	
  amended	
  to	
  include	
  dermatologic	
  evaluation	
  and	
  thoracic	
  
CT	
  scans	
  	
  	
  

II	
  Methods	
  
iii	
  Study	
  Assessement	
  



 Safety	
  evaluations	
  
 Response	
  evaluation	
  

  CT	
  studies	
  were	
  performed	
  at	
  8-­‐week	
  intervals	
  

  Response	
  Evaluation	
  Criteria	
  in	
  Solid	
  Tumors	
  (RECIST)	
  

 Complete	
  response:	
  disappearance	
  of	
  all	
  target	
  lesions	
  

 Partial	
  response:	
  dicrease	
  by	
  at	
  least	
  30%	
  in	
  the	
  sum	
  of	
  the	
  largest	
  diameter	
  of	
  
each	
  target	
  lesion	
  (relative	
  to	
  baseline)	
  

 Progressive	
  disease:	
  increase	
  by	
  at	
  least	
  20%...	
  

 Stable	
  disease:	
  everything	
  else	
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iii	
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 Safety	
  evaluations	
  
 Response	
  evaluation	
  
 Pharmakokinetic	
  assessements	
  	
  

 On	
  days	
  1	
  and	
  15	
  then	
  every	
  4	
  weeks	
  

 HPLC	
  with	
  detection	
  by	
  mass	
  spectroscopy	
  

II	
  Methods	
  
iii	
  Study	
  Assessement	
  



 Safety	
  evaluations	
  
 Response	
  evaluation	
  
 Pharmakokinetic	
  assessements	
  	
  
 Furthur	
  evaluation	
  

  18F-­‐fluorodeoxyglucose-­‐positron-­‐emission	
  tomography	
  
(FDG-­‐PET)	
  at	
  baseline,	
  day	
  15	
  and	
  every	
  4	
  weeks	
  

 Selected	
  patients	
  underwent	
  biopsy	
  at	
  baseline	
  and	
  day	
  
15	
  (cutaneous	
  or	
  superficial	
  lymph-­‐node	
  lesions)	
  

II	
  Methods	
  
iii	
  Study	
  Assessement	
  



 32	
  patients	
  
 95%	
  confidence	
  (α=0.05),	
  with	
  80%	
  power	
  (β=0.2)	
  
 An	
  observed	
  rate	
  of	
  40%	
  would	
  be	
  consistent	
  with	
  a	
  
true	
  response	
  rate	
  of	
  more	
  than	
  10%	
  

II	
  Methods	
  
iv	
  Sta)s)cal	
  analysis	
  



III	
  Results	
  
i	
  Pa)ents	
  



III	
  Results	
  
ii	
  Adverse	
  events	
  

  720mg	
  x2/day	
  no	
  dose	
  
limiting	
  effects	
  were	
  
noted	
  

  At	
  1120mg	
  x2/day	
  4/6	
  
patients	
  had	
  dose	
  
limiting	
  side	
  effects	
  

  960mg	
  x2/day	
  was	
  
tolerated	
  by	
  the	
  first	
  6	
  
patients.	
  
Recommended	
  phase	
  
2	
  dose	
  	
  



III	
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iii	
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 PLX4032	
  reduces	
  levels	
  phosphorylated	
  ERK,	
  cycline	
  
D1	
  and	
  Ki-­‐67	
  in	
  tumor	
  biopsies	
  

III	
  Results	
  
iv	
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III	
  Results	
  
iv	
  Pharmadynamics	
  

 PLX4032	
  reduces	
  FDG	
  tumor	
  uptake	
  measured	
  by	
  FDG-­‐
PET	
  



III	
  Results	
  
iv	
  Pharmadynamics	
  

 PLX4032	
  leads	
  to	
  metastatic	
  lesion	
  regression	
  in	
  some	
  
patients	
  



III	
  Results	
  
v	
  Tumor	
  response	
  during	
  extension	
  phase	
  

 26	
  out	
  of	
  32	
  patients	
  had	
  partial	
  or	
  complete	
  response	
  
under	
  phase2	
  recommended	
  dose	
  of	
  PLX4032	
  



III	
  Results	
  
v	
  Tumor	
  response	
  during	
  extension	
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CONCLUSION	
  
	
  	
  	
  	
  From	
  Scafold	
  and	
  structure	
  based	
  
Discovery	
  of	
  the	
  inhibitors…	
  	
  

	
  	
  	
  To	
  preliminary	
  clinical	
  
evaluation	
  



PERSPECTIVES	
  
 Phase	
  II	
  and	
  III	
  trials	
  are	
  underway…	
  


