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CONVENTIONAL 
EX P ER IM ENTAL D ES IG NS

• A l l  t r e a t m e nt s ,  d o s e s  a nd / o r  t r e a t m e nt  
c o m b i na t i o ns  a r e  f i x e d  pr i o r  t o  t h e  s t u d y .

• P a t i e nt s  a r e  r a nd o m i z e d  t o  t h e  v a r i o u s  
t r e a t m e nt s .

• T h e  c h a nc e  t h a t  a ny  pa r t i c u l a r  t r e a t m e nt  w i l l  
b e  s e l e c t e d  f o r  a ny  pa r t i c u l a r  pa t i e nt  r e m a i ns  
c o ns t a nt  t h r o u g h o u t  t h e  s t u d y
( e . g . ,  r a nd o m i z e  h a l f  o f  t h e  s u b j e c t s  t o  a n 
e x pe r i m e nt a l  t r e a t m e nt  a nd  h a l f  t o  a  c o nt r o l ).

• S a m pl e  s i z e  i f  f i x e d  



ADAPTIVE DESIGNS
• S u b j e c t s  a r e  t r e a t e d  s e q u e nt i a l l y ,  o r  i n 

( t w o  o r  m o r e ) g r o u ps .
• A  t r e a t m e nt  i s  a s s i g ne d  t o  e a c h  s u b j e c t .
• T h e  c h a nc e  t h a t  a  s u b j e c t  ( g r o u p) w i l l  

g e t  a  pa r t i c u l a r  t r e a t m e nt  c h a ng e s  a s  
i nf o r m a t i o n a c c r u e s  i n t h e  s t u d y  



R EAS ONS  F OR  U S ING  
ACCR U ING  EX P ER IM ENTAL 

D ATA TO CH ANG E TR EATM ENT 
ALLOCATION P R OB AB ILITIES
→ t o  i m p r o v e  p o w e r ,  

e f f i c i e n c y ,  
s a f e t y ,  
e f f i c i e n c y ,
m o d e l  s p e c i f i c a t i o n



W H Y  TH E INTER ES T IN 
AD AP TIVE D ES IG NS  NOW ?

• T h e o r e t i c a l  a d v a n c e s  
• C o m p u t a t i o n a l  a d v a n c e s



ADAPTIVE DESIGNS
O U TL INE

1. C O N V E N T I O N A L  V S  A D A P T I V E  D E S I G N S
2 . E A R L Y  S T O P P I N G
3 . A D A P T I N G  T O  B A L A N C E  S U B J E C T  A L L O C A T I O N  

B E T W E E N  T R E A T M E N T  G R O U P S
4 . T W O  S T A G E  D E S I G N S
5 . B A Y E S I A N  D E S I G N S
6 . O P T I M A L  D E S I G N S  &  A P P R O X I M A T I O N S  T O  T H E M
7 . A D  H O C  D E S I G N S

- U P  &  D O W N  D E S I G N S  F O R  T O X I C I T Y  
A S S E S S M E N T  &  P H A S E  I  C L I N I C A L  T R I A L S
- U P  &  D O W N  D E S I G N S  F O R  P H A S E  I / I I  T R I A L S  
- A N  O P T I M I Z I N G  U R N  D E S I G N

8 .  F I N A L  C O M M E N T S



EAR LY  S TOP P ING  
S e q u e n t i a l  An a l y s i s

• S u b j e c t s  a r r i v e  s e q u e n t i a l l y .
• A  t r e a t m e n t  i s  a s s i g n e d  t o  e a c h  s u b j e c t
• T h e  p r o b a b i l i t y  t h a t  a  s u b j e c t  g e t s  a n y  
p a r t i c u l a r  t r e a t m e n t  r e m a i n s  c o n s t a n t . 

• O u t c o m e s  a r e  a s s e s s e d  s e q u e n t i a l l y  t o  
d e t e r m i n e  i f  t h e  b e t t e r  t r e a t m e n t  c a n  b e  
i d e n t i f i e d  w i t h  t h e  d e s i r e d  c o n f i d e n c e ,  a n d  
t h e  s t u d y  t e r m i n a t e d .



A Tr i a n g u l a r  
Ea r l y  S t o p p i n g  R u l e



AD AP TING  TO B ALANCE 
S AM P LE S IZ ES  B ETW EEN 

TR EATM ENTS  
W H ILE P R ES ER VING  TH E 

B ENEF ITS  OF  R AND OM IZ ATION
• A  b i as e d  c o i n  d e s i g n  (E f ro n ,  1 9 7 1 )

• T al k  1 . B i as e d  C o i n  v s E h re n f e s t U rn :   an  
an al y s i s  o f  ran d o m n e s s ,  b al an c e  an d  p o w e r 
by Yung-P in C h e n



B a l a nc e  m a x i m i z e s  po w e r  
when groups have equal variances

T h i s  i s  o f t e n a  r e a s o na b l e  a s s u m pt i o n 
w h e n c o m pa r i ng  m e a ns .

L e t ’ s  c o ns i d e r  c o m pa r i ng  pr o po r t i o ns  pTa nd  pC



1 . R i s k  d i f f e r e nc e pT – pC
2 . L o g  o d d s  m e t r i c

l o g  ( pT / ( 1  – pT) – l o g  ( pC / ( 1  – pC)
3 . L o g  r i s k  r a t i o

l o g  ( pT) – l o g  ( pC) 
C a l c u l a t e  v a r i a nc e  o f  e a c h  m e t r i c .
E v a l u a t e  e a c h  v a r i a nc e  a t  nT / n =  1 / 2

F i nd  nT / n f o r  w h i c h  v a r i a nc e s  a r e  a  m i ni m u m ,  
a nd  e v a l u a t e  v a r i a nc e s  a t  t h e s e  m i ni m a

P l o t  o pt i m a l  v a r i a nc e  /  v a r i a nc e  a t  nT / n =  1 / 2







TW O  STAGE DESIGNS
• T a l k  2 . A  C a l c u l u s  f o r  D e s i g n o f  T w o -

S t a g e  A d a pt i v e  P r o c e d u r e s  b y  T at suk i
K oy am a

• T a l k  3 . A D A P T I V E  F A C T O R I A L  
E X P E R I M E N T S  F O R  M O D E L  
I D E N T I F I C A T I O N  b y  S ub ir G hosh



R ESPO NSE - DR IVEN 
ADAPTIVE DESIGNS

• B a y e s i a n  D e s i g n s
• O p t i m a l  D e s i g n s  

( E x a c t  &  A s y m p t o t i c )
• A d  h o c  d e s i g n s

U p -a n d -D o w n  D e s i g n s
U r n  D e s i g n s
S t o c h a s t i c  a p p r o x i m a t i o n



M O TIVATING APPL IC ATIO NS IN 
M EDIC INE



B AY ESIAN DESIGNS

• T a l k  4 .  I n d i v i d u a l i z e d  p a t i e n t  d o s i n g  i n  
p h a s e  I  c l i n i c a l  t r i a l s  
by Andre R o g a t k o

• T a l k  5 .  F l e x i b l e  B a y e s i a n  m e t h o d s  f o r  
c a n c e r  p h a s e  I  c l i n i c a l  t r i a l s  
by M o u ra d T i g h i o u a rt



O PTIM AL  DESIGNS
• T a l k  7 . O pt i m a l  a l l o c a t i o n i n m u i l t -a r m e d  

c l i ni c a l  t r i a l s  
b y  Y evgen T y m of y ey ev

• T a l k  8 . B a nd i t  pr o b l e m s  a nd  a d a pt i v e  
c l i ni c a l  t r i a l s  
b y  X ik ui W ang

• T a l k  9 . O pt i m a l  f e w -s t a g e  d e s i g ns  f o r  
c l i ni c a l  t r i a l s  
b y  J anis H ard wick



AD H O C  ADAPTIVE DESIGNS
A N  U R N  D E S I G N
• T a l k  6 M i ni m i z e d  H e l l i ng e r d i s t a nc e  

e s t i m a t i o ns  f o r  r a nd o m i z e d  pl a y  t h e  
w i nne r  r u l e  b y  A n-L in C hen

A N  U P -A N D -D O W N  D E S I G N
• T a l k  1 2 . U p-a nd -d o w n d e s i g ns  f o r  ph a s e  I  

t r i a l s ;  a n e v a l u a t i o n o f  d i f f e r e nt  d e s i g ns  
a nd  e s t i m a t o r s  b y  H on K eung T ony  N g

• A l s o  T a l k s  1 0 ,  1 1  &  1 3 ?



B IG  IS S U ES
Es t i m a t i o n  a n d  In f e r e n c e

• T a l k  6 . M i ni m u m  H e l l i ng e r d i s t a nc e  
e s t i m a t i o n f o r  r a nd o m i z e d  pl a y  t h e  w i nne r  
r u l e  
b y  A n-L in C hen

• T a l k  1 0 . N o npa r a m e t r i c  l i k e l i h o o d  f o r  
r e s po ns e  a d a pt i v e  r a nd o m i z a t i o n w i t h  
d e l a y e d  r e s po ns e  
b y  A nand V id y ahank ar



B IG ISSU ES 
e f f i c i e n c y  a n d  p o w e r

• T a l k  1.  B i a s e d  c o i n  v s E h r e n f e s t u r n :   a n  a n a l y s i s  o f  
r a n d o m n e s s ,  b a l a n c e  a n d  p o w e r  by Yung-P i n C h e n

• T a l k  9 .  O p t i m a l  f e w -s t a g e  d e s i g n s  f o r  c l i n i c a l  t r i a l s
by J a ni s  H a r d w i c k

• T a l k  11. R e s p o n s e -a d a p t i v e  d e s i g n s :   e t h i c s  a n d  e f f i c i e n c y  o f  
e s t i m a t i o n
by A na s t a s i a  I v a no v a

• T a l k  13 . R e s p o n s e -a d a p t i v e  d e s i g n s :  m a x i m i z i n g  p o w e r  a n d  
m i n i m i z i n g  t h e  e x p e c t e d  n u m b e r  o f  f a i l u r e s  
by F e i f a ng H u



UP-A N D -D O W N  
D E S I G N S

• F O R  P R O D U C T  L A B E L I N G
• F O R  C O N T O L L I N G  T O X I C I T Y
• F O R  D O S E -F I N D I N G



UP AND DOWN DESIGN



ADVANTAGES O F  
U P-AND-DO W N DESIGNS

• Cluster Doses around an unknown Target Dose
• E as y  t o  C o n c e p t u al i z e
• E as y  t o  I m p l e m e n t
• C h an g i n g  D o s e s  i s  D o n e  C o n s e rv at i v e l y  

(i .e .,  n o  l arg e  i n c re m e n t s  b e t w e e n  s u b j e c t s )
• N o P aram etri c  M odel 
• E x ac t Di stri b uti on Th eory  A v ai lab le:

- D u rh am ,  F lournoy ,  H ag h i g h i  (1 9 9 5 ) .  U p -an d -d o w n  d e s i g n s  I I :   E x ac t  t re at m e n t  m o m e n t s .  
I M S  M onograp h
- F lournoy ,  D u rh am ,  R o s e n b e rg e r (1 9 9 5 ) .  T o x i c i t y  i n  s e q u e n t i al  d o s e -re s p o n s e  e x p e ri m e n t s .  S eq uenti al A naly si s.



UP-A N D -D O W N  
D E S I G N S

W ITH  SEQ U ENTIAL  
AC C R U AL



T AR GET ING T H E L D5 0



DIX ON AND M OOD ( 1 9 4 8 )



ASYMPTOTIC TREATMENT 
D ISTRIB U TION TARG ETING  TH E L D 5 0



TH EO R EM

D u r h a m ,  S D ,  Flournoy ,  N .  ( 1 9 9 4 ).   R a nd o m  
w a l k s  f o r  q u a nt i l e  e s t i m a t i o n.   S t at i s t i cal 
D e ci s i on T h e ory and  R e lat e d  T op i cs  V ,  4 6 7 -
4 7 6 .   S pr i ng e r -V e r l a g .



EPA AND OECD 
“ APPR OV ED”

UP AND DOWN DESIGN
F OR  

PR ODUC T  L AB EL ING 
ANIM AL  ST UDIES



U p -a n d -Do w n  Pr o c e d u r e
f o r  Ac u t e  O r a l  To x i c i t y

U p d a t e s  a n d  An n o u n c e m e n t s
h t t p : / / i c c v a m . n i e h s . n i h . g o v /

U . S .  E P A  A nnounce s  
A v ai lab i li t y of  R e v i s e d  Fi nal

H e alt h  E f f e ct s  T e s t  G ui d e li ne s :
A cut e  O ral T ox i ci t y 

R e v i s e d  D e ce m b e r 2 0 0 2



EP A &  OECD  “ Ap p r o v e d ”  
U p -a n d -d o w n  p r o c e d u r e

Aim: sequential procedure to estimate LD50

C h oose initial dose b elow  g uess of  LD50
T est one animal 

death : decrease dose b y  f actor of  √ 1 0  f or nex t animal
surv iv al: increase dose b y  f actor of  √ 1 0  f or nex t animal

C ontinue until some stopping  criterion is met

E stimate LD50 using  max imum lik elih ood ( assuming  β )
ob tain conf idence interv al f rom prof ile lik elih ood



Te s t  G u i d e l i n e s / Ac u t e  To x i c i t y
Ac u t e  Or a l  To x i c i t y  U p -An d -D o w n -

P r o c e d u r e  
• User Documentation for the AOT425StatPgm Program
• AOT425StatPgm ( This is a sel f-ex tracting z ip  fil e w hich w il l  instal l  the p rogram on y our comp uter in tw o step s… ) Note: This is to confirm that use of the computer prog ram,  A O T4 2 5 S tatP g m,  d ev el oped  b y  W estat for the U S  E P A  ,  is freel y  g iv en and  there are no l icensing  restrictions in connection w ith its use.  
• AOT Test Data Set ( This is a z ip  fil e w hich contains 1 5 test d ata sets,  a resul t tab l e,  and  instructions for their use to v erify  p rop er instal l ation of the AOT425StatPgm p rogram) 
• Q A Testing for the AOT425StatPgm Program - (  PDF )
• Simul ation R esul ts for the AOT425StatPgm Program - (  PDF )
• Tox icol ogy  G uid ance:  Performance of the Up -and -Dow n Proced ure - (  PDF )) 
• OE C D Test G uid el ine 425:  Acute Oral  Tox icity  - Up -and -Dow n Proced ure - (  PDF )
• OPPTS H armoniz ed  Test G uid el ine 8 7 0 . 1 1 0 0  Acute Oral  Tox icity (  PDF ) 
Source:  http://www.epa.gov/oppfead1/harmonization/



STATISTIC AL  C O NC ER NS
U DP SH O U L D NO T 
B E U SED F O R  

• R I S K  A S S E S S M E N T   
E s t i m a t e  L D p,  p po s s i b l y  s m a l l

• C O N F I D E N C E  I N T E R V A L S  
F O R  T H E  L D 5 0



TAR GETING TH E L DΓ



B IASED C O IN 
U P-AND-DO W N DESIGN F O R  Γ ≤ . 5

G i v e n a T ri al at  D os e  k



AS Y M P TOTIC TR EATM ENT 
D IS TR IB U TION TAR G ETING  LD Γ



TH EO R EM S
I f  t r e a t m e nt s  a r e  s e l e c t e d  a c c o r d i ng  t o  t h e  

B i a s e d  C o i n U p a nd  D o w n D e s i g n,  a nd  
t h e  pr o b a b i l i t y  o f  r e s po ns e  i nc r e a s e s  
w i t h  d o s e ,

T h e n,  a s y m pt o t i c a l l y ,
• T r e a t m e nt s  a s s i g nm e nt s  a r e  u ni m o d a l l y  

d i s t r i b u t e d  a r o u nd  t h e  t a r g e t  d o s e
• M o d e  o f  t h e  t r e a t m e nt  d i s t r i b u t i o n i s  t h e  

l a r g e s t  d o s e  < =  t a r g e t  d o s e
• | t r e a t m e nt  m o d e  - t a r g e t  d o s e |  < =  

i nt e r v a l  b e t w e e n d o s e s



W H AT AB O U T SM AL L  
SAM PL E SIZ ES?





W E R ECOM M END  
U S ING  S M OOTH ED  IS OTONIC 

R EG R ES S ION 
TO 

ES TIM ATE TH E LD Γ
• S t y l i a n o u ,  M ,  F l o u r n o y ,  N ( 2 0 0 2 ) .  
D o s e  f i n d i n g  u s i n g  i s o t o n i c  r e g r e s s i o n  
e s t i m a t e s  i n  a n  u p -a n d -d o w n  b i a s e d  
c o i n  d e s i g n .  B i o m et ri c s .



IS OTONIC R EG R ES S ION i s  
NONP AR AM ETR IC

I f  o b s e r v e d  p r o p o r t i o n  o f  r e s p o n s e s  
i n c r e a s e  w i t h  d o s e ,  y o u  a r e  d o n e .

G o i n g  f r o m  l o w e s t  d o s e  t o w a r d  t h e  h i g h e s t  
d o s e ,  w h e n e v e r  t h e  e m p i r i c a l  p r o p o r t i o n  
o f  r e s p o n s e s  d r o p s ,  a v e r a g e  i t  w i t h  t h e  
o n e  b e f o r e . 



WH Y  NOT  M L E?
• R E Q U I R E S  P A R A M E T I C  M O D E L  F O R  
R E S P O N S E  F U N C T I O N ,  e .g . l o g i s t i c

• D E S I G N  I S  N O T  G O O D  F O R  
E S T I M A T I N G  T H E  S L O P E  P A R A M E T E R  
O F  A  P A R A M E T R I C  M O D E L

• O F T E N  M L E  D O E S  N O T  E X I S T  F O R  
S M A L L  S A M P L E  S I Z E S



S O M E  O T H E R  
UP-A N D -D O W N  

D E S I G N S
F O R  C O N T O L L I N G  T O X I C I T Y

• G ro u p  u p -an d -d o w n  D e s i g n s  (G e z m u &  F l o u rn o y )
• r-i n -a-ro w       (G e z m u  &  F l o u rn o y )
• M o v i n g  A v e rag e  (I v an o v a,  M o h an t y &  D u rh am )
• N aray an a’ s (I v an o v a,  M o h an t y &  D u rh am )
T al k  1 2 .  c o m p ari s o n s  by H o n K e ung T o ny N g



Optimizing Up-a nd -D o w n D e s igns  
C l u s te r  S u b j e c ts  A r o u nd  Optima l  D o s e



O PT I M I Z I N G  UR N  
D E S I G N S



PU R E B IR TH  U R N DESIGN
L i ,  D urh am  &  Flournoy

• D raw  a b al l  an d  re p l ac e  i t .
• I f  b al l  i s  c o l o r i,  g i v e  t re at m e n t  i.
• I f  t h at  t re at m e n t  i s  s u c c e s s f u l ,  

ad d  an o t h e r c o l o r i b al l .
• I f  t h at  t re at m e n t  i s  a f ai l u re ,  d o  n o t h i n g .



PU R E B IR TH  U R N DESIGN
• S u ppo s e  t h e  b e s t  t r e a t m e nt  c o r r e s po nd s  t o  t h e  g r e e n b a l l s .
• G r e e n b a l l s  w i l l  pr o l i f e r a t e

u nt i l  v i r t u a l l y  a l l  t h e  b a l l s  a r e  g r e e n.





PU R E DEATH  U R N DESIGN
I v anov a

• D r a w  a  b a l l  a nd  r e pl a c e  i t .
• I f  b a l l  i s  c o l o r  i ,  g i v e  t r e a t m e nt  i.
• I f  t h a t  t r e a t m e nt  i s  s u c c e s s f u l ,  

r e pl a c e  t h e  d r a w n b a l l .
• I f  t h a t  t r e a t m e nt  i s  a  f a i l u r e ,  d o  no t  

r e pl a c e  t h e  d r a w n b a l l .



B IR TH  AND DEATH  U R N DESIGN
I v anov a,  R os e nb e rg e r,  D urh am  &  Flournoy

• D raw  a b al l .
• I f  b al l  i s  c o l o r i,  g i v e  t re at m e n t  i.
• I f  t h at  t re at m e n t  i s  s u c c e s s f u l ,  

ad d  an o t h e r c o l o r i b al l .
• I f  t h at  t re at m e n t  i s  a f ai l u re ,  

d o  n o t  re p l ac e  t h e  d raw n  b al l .



R ANDOM IZ ED 
PL AY  T H E WINNER

D o e s  i t  h a v e  a  f u t u r e ?

T a l k  6  ( o t h e r s ? ).



ADAPTIVE DESIGNS
O U TL INE

1. C O N V E N T I O N A L  V S  A D A P T I V E  D E S I G N S
2 . E A R L Y  S T O P P I N G
3 . A D A P T I N G  T O  B A L A N C E  S U B J E C T  A L L O C A T I O N  

B E T W E E N  T R E A T M E N T  G R O U P S
4 . T W O  S T A G E  D E S I G N S
5 . B A Y E S I A N  D E S I G N S
6 . O P T I M A L  D E S I G N S  &  A P P R O X I M A T I O N S  T O  T H E M
7 . A D  H O C  D E S I G N S

- U P  &  D O W N  D E S I G N S  F O R  T O X I C I T Y  
A S S E S S M E N T  &  P H A S E  I  C L I N I C A L  T R I A L S
- U P  &  D O W N  D E S I G N S  F O R  P H A S E  I / I I  T R I A L S  
- A N  O P T I M I Z I N G  U R N  D E S I G N

8 .  F I N A L  C O M M E N T S



B IG ISSU ES

P OW ER
EF F ICIENCY
ES TIM ATION
INF ER ENCE


