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Genomic	  Altera4ons	  in	  128	  Clinically	  Relevant	  Genes	  
in	  962	  TCGA	  Breast	  Cancer	  Samples	  
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PI3	  kinase	  /	  AKT	  /	  MTOR	  	  inhibitors	  

FGFR	  Inhibitors	  

CDK4/6	  Inhibitors	   AKT	  Inhibitors	  

MEK	  /	  ERK	  inhibitors	  



Poten4al	  Genomic	  Targets	  in	  Breast	  Cancer	  
Selected	  genes	  with	  Muta4ons,	  Amplifica4ons/Dele4ons,	  Rearrangements	  in	  Breast	  Cancer	  
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An4-‐Her2	  Therapies	  

PI3k	  /	  AKT	  /	  MTOR	  Inhibitors	  

RAF	  /	  MEK	  /	  ERK	  Inhibitors	  

FGFR	  Inhibitors	  

CDK	  Inhibitors	  

PARP	  Inhibitors	   Pla4nums	  

Nutlins	  

An4-‐p53	  Strategies	  

An4-‐MYC	  Strategies	  

Others	  

EGFR	  Inhibitors	  



Most	  Breast	  Tumors	  Harbor	  Mul4ple	  Targets	  
TCGA	  

SAMPLE	  

POTENTIALLY	  CLINICALLY	  
RELEVANT	  GENOMIC	  

ALTERATIONS	  

D8-‐A1XT	  

HER2	  AmplificaVon	  
FGFR1	  AmplificaVon	  
CDKN2A/B	  DeleVon	  
TP53	  A276P	  

E9-‐A1NG	  
KRAS	  G12V	  
PIK3CA	  E545K	  
AKT2	  AmplificaVon	  

E2-‐A159	  

PTEN	  DeleVon	  
RB1	  L550fs	  
MEK1	  E203K	  
TP53	  V216M	  

A1-‐A0SI	  
PIK3CA	  H1047R	  
RB1	  S829*	  
TP53	  R175H	  

TCGA	  
SAMPLE	  

POTENTIALLY	  CLINICALLY	  
RELEVANT	  GENOMIC	  

ALTERATIONS	  

A8-‐A06U	  

HER2	  AmplificaVon	  
PIK3CA	  H1047R	  
CyclinD1	  AmplificaVon	  
CDKN2A/B	  DeleVon	  
TP53	  R209fs	  

A2-‐A0D1	  

HER2	  AmplificaVon	  
PIK3CA	  E545K	  
EGFR	  AmplificaVon	  
MYC	  AmplificaVon	  
TP53	  Q331*	  

A8-‐A08B	  

HER2	  AmplificaVon	  
PIK3CA	  E545K	  
AKT3	  AmplificaVon	  
MYC	  AmplificaVon	  
BRCA2	  V1270del	  

How	  should	  we	  decide	  what	  to	  target?	  



The	  goal	  of	  combina7on	  targeted	  
therapies	  is	  to	  target	  the	  key	  genomic	  
and	  molecular	  dependencies	  as	  well	  
as	  overcome/prevent	  the	  emergence	  

of	  resistance	  mechanisms	  



Nodes	  to	  Target	  with	  Combina4on	  Therapies	  

1)  Primary	  Dependencies	  (ER,	  HER2)	  
2)  Secondary	  /	  AddiVonal	  AlteraVons	  (PIK3CA,	  FGFR1)	  
3)  Mechanisms	  of	  Intrinsic/AdapVve	  Resistance	  
4)  Mechanisms	  of	  Acquired	  Resistance	  



•  PI3Ki	  alone	  not	  usually	  highly	  effecVve	  in	  PIK3CA-‐mut	  breast	  cancer	  	  
•  Mechanisms	  of	  intrinsic/adapVve	  resistance	  include	  MYC	  amplificaVon,	  
mTORC	  acVvaVon,	  others	  

•  CombinaVon	  PI3Ki	  +	  mTORi	  or	  PI3Ki	  +	  CDK4/6i	  effecVve	  in	  vitro	  and	  in	  
vivo	  in	  overcoming	  PI3Ki-‐resistance	  

•  Genomic	  profiling	  alone	  wouldn’t	  dictate	  this	  combinaVon	  –	  need	  to	  
incorporate	  knowledge	  of	  intrinsic/adapVve	  resistance	  for	  specific	  
alteraVons	  (e.g.	  PIK3CA)	  

•  Develop	  altera7on-‐based	  rules	  linking	  specific	  genomic	  alteraVons	  to	  
raVonal	  combos	  

Overcoming	  Intrinsic/Adap4ve	  Resistance	  with	  
Combina4ons	  

Elkabets,	  Vora,	  et	  al,	  Science	  Trans	  
Med,	  2013	  
	  
Vora	  et	  al,	  Cancer	  Cell,	  2014	  

Image	  from	  Muranen,	  Meric-‐Bernstam,	  Mills,	  Cancer	  Cell	  2014	  



Addressing	  Acquired	  Resistance	  

•  Following	  a	  response	  to	  single-‐agent	  targeted	  therapy,	  resistance	  
almost	  invariably	  occurs	  

•  Op4on	  #1:	  Re-‐biopsy	  and	  profile	  a	  tumor	  at	  the	  4me	  of	  resistance	  
and	  target	  resistance	  mechanisms	  	  

•  However,	  addressing	  one	  resistance	  mechanism	  at	  a	  Vme	  
allows	  the	  tumor	  to	  conVnue	  to	  evade	  

•  Tumor	  heterogeneity	  makes	  it	  likely	  that	  other	  
simultaneous	  resistance	  mechanisms	  won’t	  be	  detected	  

	  
•  Op4on	  #2:	  Predict	  the	  resistance	  mechanisms	  and	  address	  as	  
many	  as	  possible	  up	  front	  to	  preempt	  resistance	  
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•  ESR1	  mutaCons	  
•  ESR1	  fusions	  

•  PI3K	  pathway	  alteraCons	  
•  Cell-‐cycle	  alteraCons	  
•  MAPK	  pathway	  alteraCons	  
•  Other	  mechanisms	  
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Fulvestrant 

Proposed	  Classes	  of	  Endocrine	  Resistance	  
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Proposed	  Classes	  of	  Resistance	  to	  HER2	  Inhibi4on	  
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Targe4ng	  Mul4ple	  Modes	  of	  Acquired	  Resistance	  

Next-generation 
endocrine therapy or 

anti-HER2 therapy 

PI3K pathway inhibitors 
MAPK pathway inhibitors 

CDK inhibitors 
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Image	  from	  Polyak	  and	  Filho,	  Cancer	  Cell,	  2012	  

Targe4ng	  Mul4ple	  Nodes	  with	  Combina4on	  
Therapies	  

An4-‐HER2	  therapy	  
Endocrine	  therapy	  
	  	  
PI3K-‐pathway	  inhibitors	  
CDK	  inhibitors	  
mTOR	  inhibitors	  
IGF1-‐R	  an4bodies	  
	  	  
EGFR	  inhibitors	  
FGFR	  inhibitors	  
MAPK-‐pathway	  inhibitors	  
	  	  
PARP	  inhibitors	  
Chemotherapy	  
	  



GENOMIC AND 
MOLECULAR 
PROFILING 
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Basket Trials 
(e.g. MEKi, mTORi, 
or combinations) 

 



•  Major	  issue	  for	  combining	  targeted	  therapies	  is	  addiVve	  &	  overlapping	  toxiciVes	  
•  Pre-‐clinical	  and	  clinical	  evidence	  that	  for	  some	  agents	  (dasaVnib,	  erloVnib),	  high	  

dose	  over	  shorter	  interval	  may	  be	  as	  effecVve	  as	  conVnuous	  dosing	  

•  Such	  windows	  off	  therapy	  may	  provide	  opportuniVes	  for	  intercalaVng	  other	  
therapies	  and	  offsemng	  toxiciVes	  

•  Preclinical	  experiments	  can	  be	  designed	  to	  take	  advantage	  of	  drug	  half-‐life	  and	  
knowledge	  of	  intrinsic	  and	  acquired	  resistance	  to	  assemble	  raVonal	  regimens	  
that	  don’t	  require	  conVnuous	  dosing	  of	  3+	  agents	  

Crea4ng	  Combina4on	  Targeted	  Therapy	  Regimens	  

Shah	  et	  al.,	  Cancer	  Cell,	  2008	  



•  MTDs	  of	  individual	  agents	  will	  need	  to	  be	  determined	  at	  intermioent	  schedules	  
•  CombinaVons	  of	  mulVple	  intermioent	  drugs	  can	  then	  be	  tested	  	  

Crea4ng	  Combina4on	  Targeted	  Therapy	  Regimens	  

DRUG	  1	  

DRUG	  2	  

DRUG	  3	  

DRUG	  4	  



Monitoring	  and	  Transla4onal	  Science	  

•  Trials	  would	  benefit	  from	  serial	  monitoring	  with	  blood	  draws	  and	  periodic	  
tumor	  sampling	  (biopsies,	  CTCs,	  cfDNA,	  etc)	  

•  Timepoints:	  
–  Baseline	  
–  Early	  On-‐Treatment	  (before	  response)	  
–  Late	  On-‐Treatment	  (aper	  response)	  
–  Resistance	  /	  Progression	  

•  Tes4ng:	  
–  Genomics	  (WES,	  RNASeq)	  to	  monitor	  emerging	  resistance	  mechanisms	  
–  Pharmacology	  studies	  for	  drug	  and	  drug	  metabolite	  levels	  
–  Pharmacodynamic	  tes4ng	  using	  protein	  levels,	  IHC,	  RNASeq,	  single-‐cell	  

RNASeq	  

Ini7ally	  would	  focusing	  on	  improving	  regimens,	  understand	  resistance	  
In	  the	  future,	  real-‐7me	  monitoring	  could	  directly	  inform	  regimen	  



Summary	  

•  Our	  knowledge	  of	  mechanisms	  of	  therapeuVc	  resistance	  
informs	  our	  choice	  of	  agents	  to	  use	  in	  combinaVon	  trials	  

•  Upfront	  genomic	  and	  molecular	  profiling	  may	  help	  us	  
understand	  which	  combinaVon	  regimen(s)	  to	  give	  –	  though	  
heterogeneity	  and	  simultaneous	  resistance	  mechanisms	  
might	  require	  fewer,	  more	  “universal”	  regimens	  

•  To	  develop	  the	  effecVve	  and	  tolerable	  combinaVon	  regimens,	  
we	  will	  need	  to	  idenVfy	  opVmal	  doses	  and	  schedules	  

•  ConVnuous	  monitoring	  and	  translaVonal	  science	  will	  help	  to	  
refine	  and	  improve	  combinaVon	  regimens	  –	  and	  might	  
ulVmately	  be	  useful	  in	  real	  Cme	  to	  adjust	  regimens	  over	  the	  
course	  of	  therapy	  


