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Kinds	  of	  Biomarkers	  

•  Early	  detec/on	  
•  Diagnos/c	  
•  Prognos/c	  
•  Predic/ve	  
•  Endpoint	  
–  Pharmacodynamic,	  intermediate,	  surrogate	  
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Prognos/c	  Biomarker	  

•  Measured	  before	  treatment	  to	  indicate	  long-‐term	  
outcome	  of	  pa/ent	  without	  treatment	  or	  receiving	  
standard	  treatment	  

•  Can	  be	  used	  to	  iden/fy	  which	  pa/ents	  have	  such	  
good	  prognosis	  on	  “minimal”	  treatment	  that	  they	  
don’t	  require	  more	  intensive	  regimens	  
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Predic/ve	  Biomarker	  

•  Measured	  before	  treatment	  to	  indicate	  who	  is	  
likely	  or	  unlikely	  to	  benefit	  from	  a	  par/cular	  
treatment	  
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Kinds	  of	  biomarkers	  

•  Measurement	  of	  single	  analyte	  

•  Scalar	  func/on	  of	  measurements	  of	  mul/ple	  
analytes	  
–  p>n	  or	  p<n	  

6!



7!



8!



Prognos/c	  Biomarkers	  	  

•  Many	  prognos/c	  studies	  do	  not	  develop	  models	  or	  
biomarkers	  that	  inform	  treatment	  decisions	  

•  They	  use	  heterogeneous	  convenience	  samples	  of	  
cases	  

•  The	  selec/on	  of	  cases	  and	  analysis	  are	  not	  driven	  by	  
an	  intended	  use	  

•  Over-‐emphasis	  on	  sta/s/cal	  significance	  and	  hazard	  
ra/os	  

•  Biased	  es/mates	  of	  predic/on	  accuracy	  
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Oncotype	  DX	  

•  Iden/fy	  a	  subset	  of	  stage	  I,	  ER+	  breast	  cancer	  
pa/ents	  who	  have	  such	  good	  outcome	  with	  only	  
an/-‐estrogen	  therapy	  that	  they	  do	  not	  need	  
chemotherapy	  
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Key	  Features	  of	  Oncotype	  DX	  Development	  

•  Select	  cases	  with	  stage	  I,	  ER+	  pa/ents	  who	  
received	  an/-‐estrogen	  therapy	  alone	  

•  Analysis	  driven	  by	  objec/ve	  of	  trying	  to	  iden/fy	  
a	  subset	  with	  such	  good	  outcome	  that	  they	  
don’t	  need	  other	  therapy	  
–  Not	  by	  FDR	  or	  what	  genes	  are	  significant	  or	  which	  
model	  has	  the	  greatest	  separa/on	  of	  survival	  curves	  

•  Separa/on	  of	  data	  used	  for	  model	  development	  
from	  data	  used	  for	  valida/on	  
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Key	  Features	  of	  Oncotype	  DX	  Development	  

•  Avoided	  problems	  of	  mul/plicity	  by	  not	  doing	  any	  
model	  development	  or	  tweaking	  on	  the	  data	  used	  
for	  model	  valida/on	  

•  Strong	  analy/cal	  valida/on	  
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Kinds	  of	  Valida/on	  

•  Analy/cal	  valida/on	  
–  Does	  it	  accurately	  measure	  the	  analyte	  and	  is	  it	  
reproducible	  

•  Clinical	  valida/on	  
–  Does	  it	  correlate	  with	  some	  clinical	  feature	  like	  outcome	  
or	  stage	  

•  Medical	  u/lity	  
–  Is	  it	  ac/onable	  in	  a	  way	  that	  benefits	  the	  pa/ent	  
–  Requires	  clarity	  on	  intended	  use	  

14!



Single	  Arm	  Study	  with	  Binary	  Response	  

•  Pathologic	  complete	  remission	  following	  pre-‐
opera/ve	  chemotherapy	  for	  pa/ents	  with	  locally	  
advanced	  breast	  cancer	  

•  PCr	  indicates	  treatment	  effect	  on	  tumor	  even	  
without	  a	  control	  group	  

•  Whether	  that	  study	  informs	  treatment	  decisions	  
depends	  on	  context	  of	  what	  other	  effec/ve	  
regimens	  are	  available	  
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•  So	  a	  prognos/c	  biomarker	  can	  in	  some	  cases	  be	  
established	  as	  useful	  for	  informing	  treatment	  
decisions	  based	  on	  a	  single	  arm	  study	  with	  a	  
survival	  (/me-‐to-‐event)	  endpoint	  
–  Prospec/ve	  clinical	  trial	  
–  “Prospec/ve-‐retrospec/ve”	  trial	  
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•  Development	  of	  a	  predic/ve	  biomarker	  model	  that	  
informs	  selec/on	  of	  a	  new	  treatment	  or	  control	  
o]en	  requires	  data	  from	  an	  RCT	  
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Development	  and	  Valida/on	  of	  Predic/ve	  Biomarker	  
Usually	  Requires	  RCT	  

18!



19!


