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The	  randomized	  compara�ve	  trial	  (RCT)	  
RCTs	  and	  systema�c	  reviews	  of	  RCTs	  remain	  the	  gold	  standard	  for	  
assessing	  benefit	  of	  treatment	  
-‐  generate	  unbiased	  evidence	  
-‐  size	  is	  determined	  to	  be	  most	  efficient	  to	  detect	  a	  targeted	  
treatment	  effect	  that	  is	  considered	  	  clinically	  relevant,	  given	  some	  
pre-‐specified	  design	  characteris�cs	  

As	  with	  any	  assay	  or	  test	  looking	  	  
for	  a	  yes/no	  answer,	  we	  can	  	  
make	  a	  mistake	  
-‐  Type	  I	  error	  (α):	  5-‐20%	  
-‐  Type	  II	  error	  (β):	  10-‐20%	  
	  	  	  	  	  	  or	  power	  (1-‐	  β):	  90-‐80%	  
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When	  facing	  a	  rare	  cancer	  …	  
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h�p://cddf.org/files/2014/07/LEDELEY-‐Innova�ve-‐designs-‐for-‐efficacy-‐trials-‐in-‐rare-‐
condi�ons.pdf	  



Where	  can	  we	  compromise?	  

  Do	  we	  need	  a	  control	  arm?	  

  Can	  we	  allow	  more	  uncertainty?	  

  Can	  we	  use	  a	  different	  endpoint	  -‐>	  next	  talk	  

  Which	  pa�ents	  do	  we	  select?	  

  Can	  we	  adapt	  the	  design?	  

  What	  about	  a	  Bayesian	  approach?	  
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Single-‐arm/non-‐compara�ve	  approaches	  

  Observing	  some	  response	  is	  
an	  improvement	  in	  itself	  

  Stopping	  progression	  is	  an	  
improvement	  in	  itself	  

  More	  ethical	  if	  control	  
(standard?)	  treatment	  is	  	  
  believed	  to	  have	  li�le	  effect	  
  and/or	  very	  toxic	  

  If	  robust	  historical	  data	  is	  
available	  …	  

  S�ll	  applicable?	  
  Same	  pa�ent	  popula�on?	  

  Same	  characteris�cs?	  
  Same	  staging	  system?	  
  Biomarker	  driven?	  

  Single	  arm,	  α=10%	  for	  pre-‐
specified	  p0	  (H0)	  
A	  5%	  absolute	  error	  in	  p0	  
increases	  false	  posi�ve	  rate	  
to	  30%!	  	  	  	  	  	  	  	  	  Baey	  &	  Le	  Deley	  EJC	  
2011	  
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But	  …	  



Allow	  more	  uncertainty:	  relaxing	  the	  errors	  

Alpha	  \	  Power	   90%	   85%	   80%	   75%	  

5%	   227	   194	   170	   150	  

10%	   185	   155	   134	   116	  

15%	   160	   133	   113	   97	  

20%	   142	   116	   98	   83	  
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Randomized	  study	  
Outcome:	  �me	  to	  event	  
Targeted	  difference:	  	  
HR	  =	  0.65	  

Number	  of	  events	  obtained	  from	  EAST	  6.0	  

Need	  to	  be	  careful	  with	  the	  consequences	  of	  relaxing	  the	  errors,	  given	  that	  
it	  is	  unlikely	  that	  another	  trial	  will	  be	  conducted	  to	  confirm	  the	  results	  

  Type	  I	  error	  rate	  (alpha):	  probability	  of	  a	  false	  posi�ve	  
  Power:	  probability	  of	  finding	  a	  meaningful	  effect	  	  

	  



Allow	  more	  uncertainty:	  the	  grey	  zone	  
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Treatment	  
effect	  

H0	  

Reject	  H0	  
Do	  not	  

Reject	  H0	  

Inconclusive	  

Factors	  other	  than	  the	  success	  rate	  (such	  as	  toxicity,	  cost,	  
or	  QoL)	  may	  dominate	  the	  decision	  regarding	  whether	  

the	  agent	  should	  undergo	  further	  tes�ng.	  
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Select	  pa�ent	  popula�on?	  
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Freidlin	  and	  Korn,	  	  
Nature	  Reviews	  Clinical	  Oncology	  2014	  

Iden�fy	  a	  small	  selected	  
popula�on	  where	  large	  
benefits	  are	  expected	  

	  
	  

To	  be	  preferred	  to	  a	  large	  
study	  on	  unselected	  

popula�on	  where	  moderate	  
or	  small	  benefit	  is	  expected	  



Adapted	  from	  S.	  Sleijfer	  et	  al.,	  JCO	  2013	  	  

Select	  pa�ent	  popula�on?	  

Global	  HR	  

Prevalence	  

0	  

200	  

400	  

600	  

800	  

1000	  

1200	  

1400	  

0.838	   0.769	   0.701	   0.64	   0.587	   0.533	   0.486	   0.4	  

0.2	   0.3	   0.4	   0.5	   0.6	   0.7	   0.8	   1	  

If	  we	  knew	  
M	  and	  could	  
recruit	  only	  
M+	  pa�ents	  

Sample	  size	  of	  an	  unselected	  phase	  III	  when	  the	  treatment	  
effect	  (HR=0.4)	  is	  restricted	  to	  those	  who	  express	  an	  unknown	  
marker	  
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True	  Marker	  +	  
Treatment	  works	  

True	  Marker	  –	  	  
No	  Benefit	  

Mark	  

	  	  	  	  	  	  	  	  	  “Marker	  -‐“	  

	  	  “Marker	  +”	  	  
	  	  	  by	  assay	  

	  
	  
	  
	  
“	  

FN:	  More	  screening	  needed	  

FP:	  Dilu�on,	  	  
loss	  of	  power	  

A	  word	  of	  cau�on:	  how	  good	  is	  the	  assay?	  …	  



  Early	  stopping	  for	  fu�lity	  and/or	  efficacy	  
	  

  Drop	  treatment	  arm(s)	  or	  	  
pick	  the	  winner	  designs	  

  Biomarker	  adap�ve	  designs	  

  Sample	  size	  re-‐es�ma�on	  
  Adap�ve	  randomiza�on…	  

	  

To	  name	  but	  a	  few	  …	  	  

Adap�ve	  designs	  
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Well-‐known	  

Less	  understood	  



Most	  of	  them	  come	  down	  to	  …	  
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Learn	   Confirm	  

One	  trial	  

Change	  H0?	  	  
Change	  design	  
parameters?	  



  To	  control	  the	  	  
	  	  	  	  opera�ng	  characteris�cs	  

  To	  control	  the	  bias	  due	  to	  the	  adapta�on	  
  Sta�s�cal	  
  Opera�onal	  
	  

  To	  guarantee	  that	  the	  results	  can	  	  
	  	  	  	  be	  interpreted	  and	  explained!	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  The	  challenges	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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Example:	  TRUSTS	  (EORTC	  62091)	  in	  advanced	  or	  
metasta�c	  untreated	  so�	  �ssue	  sarcomas	  
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R	  

Trabectedin	  1.5	  mg/m2	  24-‐h	  

Doxorubicin	  75	  mg/m2	  

Doxo	  75	  mg/m2	  

T	  3-‐h	  or	  24-‐h	  

Se
le

ct
	  th

e 	  
be

st
	  

PF
S	  

Phase	  IIb	  
3	  x	  40	  pts	  

Phase	  III	  
2	  x	  125	  pts	  

Trabectedin	  1.3	  mg/m2	  3-‐h	  

PF
S?
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Doxorubicin	  

Trabectedin	  24hrs	  

Trabectedin	  3hrs	  

Treatment 
Hazard	  Ra�o	  
(95%	  CI) 

Doxo	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   1.00	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   
Trab_24hrs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   1.13	  (0.67,	  1.90)	  	  	   
Trab_3hrs	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   1.50	  (0.91,	  2.48)	  	  	   



  Adap�ve	  designs	  provide	  an	  appealing	  	  
alterna�ve	  because	  
  shorten	  development	  process	  	  
  ineffec�ve	  treatments	  can	  be	  iden�fied	  earlier	  on	  
  more	  efficient	  use	  of	  limited	  pa�ent	  numbers	  

  Being	  adap�ve	  comes	  at	  a	  cost	  
  Complex	  design	  with	  sta�s�cs	  that	  can	  become	  difficult	  to	  
explain	  

  Logis�cally	  challenging	  
  Difficult	  in	  studies	  with	  long-‐term	  endpoints	  

	  
	  
	  

Adap�ve	  designs	  in	  rare	  disease	  

Adap�ve	  designs	  cannot	  make	  a	  drug	  more	  effec�ve	  



A	  Bayesian	  approach	  

  Formally	  incorpora�ng	  historical	  data	  into	  the	  design	  and	  analysis	  
  Formulate	  prior	  distribu�on	  from	  exis�ng	  evidence	  

  Literature	  review	  
  Score	  according	  to	  per�nence,	  validity	  and	  precision	  (Tan	  et	  al,	  BMJ,	  2003)	  

  In	  a	  small	  trial,	  the	  choice	  of	  the	  prior	  may	  carry	  heavy	  weight	  
  In	  rare	  cancers,	  only	  weak	  prior	  evidence	  might	  be	  available	  
  May	  require	  a	  lot	  of	  data	  to	  overcome	  a	  “bad”	  prior	  …	  



An	  	  
example	  	  
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The	  probability	  of	  a	  clinically	  important	  difference	  of	  at	  
least	  2	  points	  is	  74%	  -‐	  is	  this	  enough	  if	  ?	  
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Many	  treatment	  
op�ons	  

Expensive	   Toxic	  

Pa�ent	  

Physician	  

Regulator	  

Payer	  

26%	  chance	  that	  it	  will	  not	  make	  an	  important	  difference	  

YES	   NO	   NO	  
YES	   YES	   NO	  

YES	   NO	   YES	  

NO	   NO	   NO	  
NO	   YES	   YES	  



A	  word	  of	  cau�on	  

“Frequen�st”	  framework	  
  0.083	  (or	  0.042	  if	  you	  are	  looking	  one-‐sided)	  is	  the	  likelihood	  
of	  your	  data	  if	  there	  were	  no	  difference	  

  Note	  that	  0.05	  is	  a	  pre-‐specified	  (arbitrary!)	  cut-‐off	  requiring	  
strong	  evidence	  to	  support	  a	  decision	  

Why	  do	  we	  demand	  rigorous	  tes�ng	  characteris�cs	  in	  a	  
“frequen�st”	  framework,	  but	  leave	  it	  up	  to	  the	  eye	  of	  the	  
“Bayesian”	  beholder	  to	  judge	  on	  	  
  74%	  probability	  of	  having	  a	  clinically	  important	  difference	  of	  
at	  least	  2	  points	  

  96%	  probability	  of	  the	  experimental	  treatment	  being	  at	  least	  
a	  bit	  be�er	  
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FDA	  guidance	  for	  the	  use	  of	  Bayesian	  sta�s�cs	  in	  
medical	  device	  clinical	  trials	  (2010) 	  	  

“Because	  of	  the	  inherent	  flexibility	  in	  the	  design	  of	  a	  Bayesian	  
clinical	  trial,	  a	  thorough	  evalua�on	  of	  the	  opera�ng	  
characteris�cs	  should	  be	  part	  of	  the	  trial	  planning”	  
ð	  type	  I	  error	  rate,	  type	  II	  error	  rate,	  power,	  sample	  size	  
distribu�on,	  prior	  probability	  and	  probability	  of	  stopping	  at	  each	  
interim	  look	  
	  
You	  might	  be	  surprised	  at	  how	  much	  this	  differs	  from	  the	  
frequen�st	  approach	  …	  or	  not?	  
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  The	  gold	  standard	  for	  empirical	  evidence	  remains	  	  
an	  adequately	  powered	  compara�ve	  trial.	  

  In	  rare	  cancers	  however	  we	  need	  to	  look	  for	  	  
  flexible	  research	  strategies	  
  more	  efficient	  use	  of	  resources	  
However,	  we	  may	  need	  to	  accept	  that	  there	  is	  a	  price	  to	  pay	  
  More	  uncertainty	  
  Complexity	  
  Interpreta�on	  of	  results	  

Conclusion	  
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Thank	  you	  

Special	  thanks	  to	  my	  EORTC	  stat	  colleagues,	  in	  par�cular	  
Laurence	  Colle�e,	  Jan	  Bogaerts,	  Catherine	  Fortpied	  and	  Leen	  

Slaets	  

A	  Bayesian	  approach	  
My	  prior:	  I	  don’t	  believe	  

in	  gravity	  ...	  

A	  frequen�st	  approach	  
I’m	  not	  deploying	  my	  

parachute	  un�l	  scien�sts	  
get	  more	  certain	  about	  

this	  gravity	  stuff	  
...	  




