
Sta$s$cs,	  the	  Law,	  and	  the	  
Future	  of	  Personalized	  Medicine	  

(What	  happened	  over	  spring	  break)	  



Mayo	  v.	  Prometheus	  

•  Prometheus	  Laboratories,	  Inc.	  developed	  a	  
diagnos$c	  test	  for	  direc$ng	  treatment	  of	  
immune-‐mediated	  gastrointes$nal	  disorders	  (e.g.	  
Crohn’s	  disease,	  coli$s)	  

•  Thiopurine	  drugs	  commonly	  used	  to	  treat	  these	  
diseases;	  drugs	  are	  metabolized	  differently	  in	  
different	  people	  
–  Too	  much	  leads	  to	  harmful	  side	  effects	  
–  Too	  liKle	  is	  ineffec$ve	  
– Only	  choice	  is	  to	  wait	  around	  and	  see	  what	  happens	  







Mayo	  v.	  Prometheus	  

•  Levels	  of	  blood	  metabolites	  6-‐TG	  and	  6-‐MMP	  
are	  correlated	  with	  effec$veness	  of	  dose	  

•  This	  was	  already	  published	  in	  Cuffari	  et	  al.	  
1996,	  Gut,	  in	  a	  study	  of	  25	  pa$ents	  

•  Prometheus	  patent	  6,355,623	  says	  
– Level	  of	  6-‐TG	  <	  230	  pmol	  per	  8x108	  indicates	  a	  
need	  to	  increase	  dose	  

– Level	  of	  6-‐TG	  >	  400	  pmol	  per	  8x108	  indicates	  a	  
need	  to	  decrease	  dose	  



Mayo	  v.	  Prometheus	  

•  Measurements	  of	  6-‐TG	  are	  done	  via	  standard	  
blood	  tests	  (already	  standard	  treatment)	  

•  Thiopurine	  drugs	  were	  already	  being	  used	  in	  
this	  popula$on	  of	  pa$ents	  

•  Primary	  contribu$on	  of	  the	  patent	  was	  
iden$fying	  the	  cutoffs	  for	  sugges$ng	  
treatment	  modifica$on	  



Mayo	  v.	  Prometheus	  

•  In	  2004,	  Mayo	  marketed	  its	  own	  test	  that	  was	  
the	  same	  as	  Prometheus’s,	  but	  increased	  the	  
upper	  bound	  to	  450	  pmol	  per	  8x108	  

•  Prometheus	  sued	  Mayo	  for	  patent	  
infringement	  

•  At	  the	  $me,	  sales	  of	  the	  test	  accounted	  for	  
~70%	  of	  Prometheus’s	  revenue	  



Mayo	  v.	  Prometheus	  

•  District	  Court	  found	  Mayo’s	  test	  to	  be	  too	  similar	  to	  
Prometheus’s	  test	  because	  the	  upper	  bound	  of	  450	  
was	  within	  the	  margin	  of	  error	  rela$ve	  to	  400	  

•  However,	  Mayo	  won	  because	  District	  Court	  ruled	  that	  
Prometheus	  patent	  was	  for	  a	  “law	  of	  nature”	  or	  
“natural	  phenomenon”,	  which	  is	  not	  patentable	  

•  Prometheus	  appealed	  to	  Federal	  Circuit	  (has	  some	  
specialty	  in	  patents),	  and	  Federal	  Circuit	  reversed	  
–  The	  patent	  involved	  a	  “transforma$on	  of	  the	  human	  body	  
or	  of	  blood	  taken	  from	  the	  body”	  and	  so	  was	  patentable	  

–  Passed	  the	  so	  called	  “machine	  or	  transforma$on	  test”	  



Mayo	  v.	  Prometheus	  

•  Laws	  of	  nature	  or	  natural	  phenomena	  are	  not	  
patentable,	  but	  applica5ons	  of	  laws	  of	  nature	  
are	  patentable	  

•  Passing	  the	  “machine	  or	  transforma$on	  test”	  
is	  necessary	  but	  not	  sufficient	  (Bilski)	  

•  Supreme	  Court	  said	  that	  sta$ng	  a	  law	  of	  
nature	  and	  then	  saying	  “apply	  the	  law”	  is	  not	  
patentable	  



Mayo	  v.	  Prometheus	  

•  Court	  was	  sympathe$c	  to	  Mayo’s	  argument	  that	  
Prometheus’s	  correla$ons	  were	  wrong	  and	  that	  
upholding	  the	  patent	  would	  impede	  progress	  

•  US	  Government	  argued	  that	  a	  test	  like	  this	  was	  
patentable,	  but	  should	  not	  be	  allowed	  because	  of	  
lack	  of	  novelty	  
–  Court	  rejected	  this	  argument;	  would	  significantly	  raise	  
the	  cost	  of	  challenging	  patents	  	  

•  Implica$ons	  for	  Myriad	  Gene$cs?	  (Associa5on	  for	  
Molecular	  Pathology	  v.	  Myriad	  Gene5cs)	  
–  Case	  sent	  back	  to	  Federal	  Circuit	  ager	  Mayo	  



The	  Duke	  Saga	  

•  A	  group	  at	  Duke	  University	  led	  by	  Joseph	  Nevins	  
and	  Anil	  Poj	  developed	  a	  test	  that	  they	  claimed	  
would	  predict	  an	  individual’s	  response	  to	  
chemotherapy	  

•  If	  true,	  this	  is	  the	  holy	  grail	  of	  personalized	  
medicine	  

•  Test	  was	  based	  on	  a	  genomic	  signature	  
•  Original	  test	  based	  on	  data	  from	  publicly	  
available	  NCI	  60	  cancer	  cell	  lines	  

•  Researchers	  at	  MD	  Anderson	  Cancer	  Center	  
(Keith	  Baggerly,	  Kevin	  Coombes)	  tried	  to	  
reproduce	  results;	  couldn’t	  



The	  Duke	  Saga	  

•  Nevins	  &	  Poj	  con$nued	  to	  published	  genomic	  
signatures	  for	  other	  cancer/chemotherapy	  treatments	  

•  Baggerly	  &	  Coombes	  obtained	  data	  from	  Poj	  lab	  and	  
discovered	  numerous	  errors,	  omissions,	  poten$al	  fraud	  
–  Off-‐by-‐one	  error	  
– Missclassifica$on	  of	  responders/non-‐responders	  
–  Genes	  not	  on	  array	  

•  Baggerly	  &	  Coombes	  published	  ar$cle	  in	  Annals	  of	  
Applied	  Sta5s5cs	  lis$ng	  the	  problems	  

•  Meanwhile,	  randomized	  clinical	  trials	  being	  conducted	  
where	  the	  test	  was	  direc5ng	  pa5ent	  treatment	  



The	  Duke	  Saga	  

•  Poj	  eventually	  exposed	  as	  lying	  on	  his	  CV	  
•  Clinical	  trials	  suspended	  
•  Duke	  inves$gated	  but	  found	  no	  problems	  (did	  not	  
use	  Baggerly	  &	  Coombes	  findings)	  

•  ~30	  prominent	  sta$s$cians	  sent	  a	  leKer	  to	  Harold	  
Varmus	  (director	  of	  NCI)	  asking	  him	  to	  inves$gate	  

•  Eventually,	  trials	  stopped	  
•  Varmus	  requests	  IOM	  commiKee	  to	  inves$gate	  
what	  happened	  and	  what	  can	  be	  done	  



The	  Duke	  Saga	  

•  What	  happened?	  
•  Duke	  Lab	  (Nevins	  &	  Poj)	  were	  woefully	  
unprepared	  and	  ill-‐trained	  for	  the	  tremendous	  
complexity	  of	  using	  genomic	  signatures	  

•  Procedures	  not	  in	  place	  for	  monitoring	  use	  of	  
such	  signatures	  when	  direc$ng	  pa$ent	  
treatment	  

•  Not	  clear	  whether	  IDE	  should	  be	  obtained	  
from	  FDA	  to	  inves$gate	  genomic	  signatures	  



The	  IOM	  Report	  



The	  IOM	  Report	  

•  Omics-‐based	  tests	  should	  be	  confirmed	  with	  
independent,	  blinded	  samples	  

•  Data/metadata	  used	  to	  develop	  test	  should	  be	  
made	  publicly	  available	  

•  Computer	  code	  (sta$s$cal	  model)	  used	  should	  be	  
publicly	  available	  

•  Funders	  should	  provide	  support	  for	  making	  data/
code	  available	  

•  FDA	  should	  develop	  guidelines	  for	  IDE	  
requirements	  for	  omics-‐based	  tests	  



Adding	  it	  All	  Up	  

•  Prometheus	  test	  represents	  a	  successful	  
applica$on	  of	  (non-‐genomic)	  personalized	  
medicine	  ideas	  –	  not	  patentable	  

•  Colossal	  failure	  of	  the	  Duke	  Lab	  	  shows	  how	  
difficult	  it	  is	  to	  develop	  genomic	  signatures	  
rigorously	  –	  Duke	  inves$gators	  stalled	  at	  each	  
stage	  

•  IOM	  CommiKee	  urges	  openness,	  transparency,	  
and	  reproducibility	  in	  developing	  genomic	  
signatures/tests	  



Adding	  it	  All	  Up	  

•  What	  are	  the	  implica$ons	  of	  Mayo	  for	  the	  
future	  of	  personalized	  medicine?	  

•  Will	  Mayo	  decision	  lead	  to	  more	  secrecy	  in	  
developing	  personalized	  medical	  treatments?	  

•  Will	  biotech	  companies	  avoid	  investment	  if	  
patents	  cannot	  be	  obtained?	  

•  Is	  there	  away	  for	  the	  field	  to	  move	  forward	  so	  
that	  companies	  benefit	  from	  inves$ng	  and	  
science	  can	  progress	  rapidly?	  


