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Response-a d a pt i v e 
d esi g ns:  et h i c s a nd  

ef f i c i enc y  of  est i m a t i on
Anastasia I v ano v a,  

D e p ar tm e nt o f  B io statistic s
U N C  at C h ap e l  H il l
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The randomized c l i n i c a l  t r i a l  w i t h a  
5 0 -5 0 a l l o c a t i o n  i s r eg a r d ed  a s t he 
“ g ol d s t andard” f o r  c o m pa r i n g  t w o  
t r ea t m en t s 

Drawbacks of 50-50 al l ocat i on
• The pr i n c i pa l  et hi c a l  i ssu e i s t ha t  a b o u t  
h al f  of  t h e p at ient s o n  a  r a n d o m i z ed  
c l i n i c a l  t r i a l  rec eiv e an inf erior 
t reat ment

• 5 0-5 0 a l l o c a t i o n  i s not  t h e mos t  
ef f ic ient

50-50 al l o c at i o n
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1) S t o p p i n g  r u l e s  a l l o w  t o  t er m i n a t e a  
t r i a l  ea r l y  w i t h t he po ssi b i l i t y  o f  
r ed u c i n g  t he o v er a l l  n u m b er  o f  
pa t i en t s i n  t he t r i a l  

(Tsi a t i s a n d  M eht a , B i o m et r i k a 2 003 )

2 )  S a m pl e si z e r e e s t i m a t i o n

3 ) R e s p o n s e -a d a p t i v e  r a n d o m i z a t i o n  
d e s i g n seek s t o  sk ew  a ssi g n m en t   
pr o b a b i l i t i es a c c o r d i n g  t o  a  c er t a i n  
o b j ec t i v e, f o r  ex a m pl e, t o  a ssi g n  
m o r e pa t i en t s t o  b et t er  t r ea t m en t s

A d ap t i v e  d e s i g n s  
f o r  c l i n i c al  t r i al s
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A Z T  i n  M at e r n al -F e t al  
H I V  T r an s m i s s i o n

    

 Success F a i l ur e T o t a l  

AZT X1=2 1 9  Y1=20 N1=2 3 9  

P l a c e b o  X2=1 7 8  Y2=6 0 N2=2 3 8  

To t a l  T1=3 9 7  T2=8 0 N=4 7 7  

 

D a t a  f r o m  C o n n o r  et al. “R ed u c t i o n  o f  
m a t er n a l -i n f a n t  t r a n sm i ssi o n  o f  H IV  
t y pe 1 w i t h z i d o v u d i n e t r ea t m en t ”
New  E n g l a n d  J  M ed , 1994
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P a r a m et er s of  i nt er est

p1 i s t he pr o b a b i l i t y  o f  a  su c c ess i n  
t he A Z T g r o u p;  q1 = 1 - p1
p2 i s t he pr o b a b i l i t y  o f  a  su c c ess i n  
t he pl a c eb o  g r o u p;  q2 = 1 - p2
p1 - p2 = 0 n o  d i f f er en c e

>  0 A Z T i s b et t er

O R

odds  rat io = (p1 q2 ) /  (q1 p2)
= 1 n o  d i f f er en c e
>  1 A Z T i s b et t er
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p1 - p2

N1 i s pr o po r t i o n a l  t o  � p1q1

N2 i s pr o po r t i o n a l  t o  � p2q2

O d d s r a t i o

N1 i s pr o po r t i o n a l  t o  � p2q2

N2 i s pr o po r t i o n a l  t o  � p1q1

(B r i t t a i n  a n d  S c hl essel m a n , 
B i o m et r i c s 198 2  )

A l l o c at i o n  m i n i m i z i n g  
t h e  v ar i an c e  o f  t h e  e s t i m at o r
( o p t i m al  al l o c at i o n )
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p1=1-2 0/2 3 9=0. 916
p2=1-6 0/2 3 8 =0. 7 4 8

O pt i m a l  a l l o c a t i o n  f o r  p1 - p2

AZT pl a c eb o         
3 9 :  6 1     NO T E TH IC A L

O pt i m a l  a l l o c a t i o n  f o r  o d d s r a t i o

A Z T pl a c eb o        
6 1 :  3 9 E TH IC A L

E x am p l e  1
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O p t i m al  al l o c at i o n

p2=1-6 0/2 3 8 =0. 7 4 8  i s f i x ed

p1

 0 0. 1 0. 2 0. 3 0. 4 0. 5 0. 6 0. 7 0. 8 0. 9 1
 0
0. 1
0. 2
0. 3
0. 4
0. 5
0. 6
0. 7
0. 8
0. 9
1

Op
tim

al 
pro

po
rtio

n 
on
 th

e 1
st t

rea
tm

en
t

p1 - p2 O d d s r a t i o



10

O pt i m a l  a l l o c a t i o n  f o r  a t  l ea st  o n e 
o f  p1 - p2 o r  o d d s r a t i o  i s i n  f a c t  
E TH IC A L !

W hen  b o t h p1 a n d  p2 a r e g r ea t er  
t ha n  0. 5 , o pt i m a l  a l l o c a t i o n  f o r  
est i m a t i n g  a n  o d d s r a t i o  i s 
E TH IC A L

W hen  b o t h p1 a n d  p2 a r e sm a l l , 
o pt i m a l  a l l o c a t i o n  f o r  est i m a t i n g  
p1 - p2 i s E TH IC A L
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A d ap t i v e l y  b i as e d  c o i n  
( A B C )

H a y r e a n d  Tu r n b u l l   (B i o m et r i k a , 198 1),
E i sel e (J S P I, 1994 )

1.   A t  ea c h st a g e n est i m a t e p1 a n d  p2

2 .  A ssi g n  t he n ex t  pa t i en t  
t o  A Z T w i t h pr o b a b i l i t y  

t o  pl a c eb o  w .  p.  1-�n
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I n v e r s e  s am p l i n g  
as  an  ad ap t i v e  d e s i g n
H a l d a n e  (B i o m et r i k a , 194 5  )
Z el en (J A S A , 196 9)

A ssi g n  su b j ec t s u n t i l  y o u  o b ser v e Y
f ail u res o n  ea c h t r ea t m en t :
Y=q1 E [ N1] E [ N1]=Y1 /q1=Y/q1
Y=q2 E [ N2] E [ N2]=Y2 /q2=Y/q2
e. g .  t he a ssi g n m en t  i s pr o po r t i o n a l  t o  1 / q1,
o r  t o  q2 i n  t he c a se o f  t w o  t r ea t m en t s
O pt i m a l  a l l o c a t i o n  i s pr o po r t i o n a l  t o  
� p2q2 ~  � q2  ~  ~ q2
O pt i m a l  : 6 1: 3 9
In v er se sa m pl i n g : 7 5 : 2 5
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E x am p l e  ( c o n t i n u e d )

    

 Success F a i l ur e T o t a l  

AZT E(X1) = 3 2 8  Y1 = 3 0  E ( N1 ) = 3 5 8  

P l a c e b o  E(X2) = 8 9  Y2 = 3 0  E ( N2 ) = 1 1 9  

To t a l  E(T1) = 4 1 7  T2 = 6 0  E ( N ) = 4 7 7  
 

Y(1/q1 + 1/q2)=N

Y(2 3 9/2 0+ 2 3 8 /6 0) = 4 7 7

� Y=3 0
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A l l o c at i o n  p r o p o r t i o n
ac c o r d i n g  t o  i n v e r s e  
s am p l i n g
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U r n  m o d e l  f o r  i n v e r s e  
s am p l i n g

• C o n si d er  t he u r n  w i t h Y R E D  (A Z T) a n d  
Y W H ITE  (pl a c eb o ) b a l l s

• W hen  a  su b j ec t  c o m es i n  o n e b a l l  i s 
d r a w n  (w i t ho u t  r epl a c em en t ).  If  i t  i s a  
R E D  b a l l  t he su b j ec t s r ec ei v es A Z T;  
w hen  a  W H ITE  b a l l  i s d r a w n  t he su b j ec t  
r ec ei v es pl a c eb o

• If  t he t r ea t m en t  i s a  su c c ess
t he b a l l  i s r et u r n ed  t o  t he u r n
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1.  S a m pl i n g  i s w i t h r espec t  t o  t he 
n u m b er  o f  f a i l u r es n o t  t r i a l s.   The 
number of trials is a rand om
v ar iab l e .

2 .  S ev er a l  a ssi g n m en t s i n  t he en d  m i g ht   
b e deterministic (b a l l s o f  o n l y  o n e k i n d  
a r e l ef t  i n  t he u r n ).   Thi s m a y  c a u se 
sel ec t i o n  b i a s.

L i m i t at i o n  o f  t h e  u s e  o f  
I n v e r s e  s am p l i n g
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M o d i f i e d  i n v e r s e  s am p l i n g
W a n t  t o  sa m pl e w it h  res p ec t  t o t h e 
nu mb er of  t rial s :  N1 a n d  N2

N1 =Y+M1 R E D  a n d  
N2 =Y+M2 W H ITE  b a l l s

The r est  i s t he sa m e:
• If  a  R E D  b a l l  i s d r a w n  t he su b j ec t s 
r ec ei v es A Z T;  W H ITE  - pl a c eb o
• If  t he t r ea t m en t  i s a  su c c ess t he b a l l  i s 
r et u r n ed  t o  t he u r n

B u t …t he a l l o c a t i o n  i s a l m o st  a  f a i r  c o i n  
a l l o c a t i o n  si n c e t her e a r e a l ot  of  b al l s
i n  t he u r n  i n i t i a l l y
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• C o n si d er  a n  u r n  c o n t a i n i n g  O N E b a l l  
m a r k ed  w i t h a  l et t er  “I” ( immig ra tio n)

• W h en a  b a l l  ma rk ed w ith  “I” is 
dra w n,  o ne R E D  a nd o ne W H IT E  b a l l  
a re a dded to  th e u rn

The r est  i s t he sa m e:
• If  a  R E D  b a l l  i s d r a w n  t he su b j ec t s 
r ec ei v es A Z T;  W H ITE  - pl a c eb o
• If  t he t r ea t m en t  i s a  su c c ess t he b a l l  i s 
r et u r n ed  t o  t he u r n

S a m pl e w i t h r espec t  t o  N1 +  N2

D r o p -t h e -l o s e r  r u l e
( D L  r u l e )
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E x am p l e
I n i ti a l  u r n  c o m po s i ti o n
(R  = 0, W  = 0;  “I” = 1)  

F i r s t d r a w
(R  = 1, W  = 1;  “I” = 1) 

S e c o n d  d r a w
• A  R E D  b a l l  i s d r a w n
• A  su c c ess i s o b ser v ed  o n  A Z T
(R  = 1, W  = 1;  “I” = 1)

T h i r d  d r a w
• A  W H ITE  b a l l  i s d r a w n
• A  f a i l u r e i s o b ser v ed  o n  pl a c eb o
(R  = 1, W  = 0;  “I” = 1)
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D L  i s si m i l a r  t o  i n v er se sa m pl i n g  b u t  
i n st ea d  o f   Y a n d  Y b a l l s t ha t  a r e i n  t he 
u r n  i n i t i a l l y  w e ha v e b a l l s  i m m i g r a t i n g  
w i t h a  c o n st a n t  r a t e t o  r epl en i sh t he u r n

1.  D L  r u l e a ssi g n s pr o po r t i o n a l l y  
t o  1 / q1 a n d  1 / q2 i n  t he l i m i t
(a s d o es t he i n v er se sa m pl i n g  r u l e)

2 .  D L  r u l e randomizes
(i n v er se sa m pl i n g  i s d et er m i n i st i c  a f t er  
Y f a i l u r es a r e o b ser v ed  o n  o n e o f  t he 
t r ea t m en t s) 

R e l at i o n s h i p  b e t w e e n  
t h e  D L  r u l e  an d  
i n v e r s e  s am p l i n g
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C o m p ar i s o n  w i t h  
t h e R an d o m i z e d  
P l ay -t h e -w i n n e r  r u l e
P l a y -t he-w i n n er : Z el en (J A S A , 196 9)
R a n d o m i z ed  pl a y -t he-w i n n er :  W ei  
a n d  D u r ha m   (J A S A , 197 8 )

6 0 pa per s i n  C IS

E C M O  t r i a l  (B a r t l et t  e t a l . P ed i a t r i c s, 198 5 )
S u c c ess F a i l u r e To t a l

E C M O 9 0 N1=9
C o n t r o l 0 1 N2=1
To t a l 9 1 N=10
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R an d o m i z e d  
P l ay -t h e -w i n n e r  r u l e

1.  The R P W  i s  a n  a d a pt i v e d esi g n
b a sed  o n  t he u r n  m o d el  f o r  a l l o c a t i o n :

• i f  a  su c c ess, r et u r n  t he b a l l  a n d  one
b al l  of  t h e s ame k ind 
• i f  a  f a i l u r e, r et u r n  t he b a l l  a n d  add
one b al l  of  t h e op p os it e k ind
2 .  The R P W  a ssi g n s pr o po r t i o n a l l y  
t o  1 / q1 a n d  1 / q2 i n  t he l i m i t
(a s d o es t he i n v er se sa m pl i n g  r u l e
a n d  t he D L  r u l e)

3 .  The R P W  randomizes
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D i s t r i b u t i o n  o f  
t h e  al l o c at i o n  p r o p o r t i o n

D L  r u l e R P W  r u l e
i m m =1 Z o =1

7 5 : 2 5  (l i m i t i n g )
D L  r u l e

--------- R P W  r u l e 

0.4 0.5 0.6 0.7 0.8 0.9

 0

0.01

0.02
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D i s t r i b u t i o n  o f
t h e  al l o c at i o n  p r o p o r t i o n

D L  r u l e R P W  r u l e A d a pt i v el y
i m m =7 Z o =19 b i a sed  c o i n

6 1: 3 9 (o pt i m a l )
O pt i m a l l y
b i a sed  c o i n
� = 0. 6 1

0.4 0.5 0.6 0.7 0.8

 0

0.01

0.02

0.03
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1.  B o t h D L a n d  R P W a ssi g n  
pr o po r t i o n a l l y  t o  1 / q1 a n d  1 / q2 i n  t he 
l i m i t  (a s d o es inv ers e s amp l ing )
2 .  B o t h D L  a n d  R P W  randomize
su b j ec t s 

3 .  D L  i s l es s  v ariab l e t ha n  R P W  a n d  
hen c e y i el d s m o r e ef f i c i en t  est i m a t i o n  o n  
a v er a g e

C o m p ar i s o n  o f  t h e  D L  r u l e  
an d  t h e  R P W
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A l l o c a t i o n R u l e M S E
(7 0: 3 0)E* D L  r u l e (I=1) 1. 3 5
(6 1: 3 9)E ** D L  r u l e (I=7 ) 1. 2 7
(6 1: 3 9)E ** R P W (Z 0=19) 1. 2 9
(6 1: 3 9)** B i a sed  C o i n  (6 1: 3 9)1. 2 1
(5 0: 5 0) *** B i a sed  C o i n  (5 0: 5 0)1. 3 2

*    (7 0: 3 0) w i t h 6 4  f ail u res
** T h e  m o s t  e f f i c i e n t  a l l o c a t i o n  f o r  

e s t i m a t i n g  t h e  o d d s  r a t i o
(6 1: 3 9) w i t h 7 1  f ail u res

*** E q u a l  a l l o c a t i o n
(5 0: 5 0) w i t h 8 0  f ail u res

C o m p ar i s o n s  o f  M S E s
o f  o d d s  r at i o
f o r  d i f f e r e n t  d e s i g n s
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The D L  r u l e i m pr o v es po w er  a n d  
r ed u c es t he n u m b er  o f  f a i l u r es i f  b o t h 
p1 a n d p2 a r e l a r g e a n d  t he o d d s r a t i o  i s 
o f  i n t er est , f o r  ex a m pl e, t he F i sher ’s 
ex a c t  t est  i s u sed  (Iv a n o v a a n d  
R o sen b er g er , D IJ  2 001):
p1 p2   po w er #  o f  f a i l u r es  ssi z e

D L E D L E
0. 6   0. 7   0. 7 8    0. 7 8    2 4 4 2 4 9 7 12
0. 7   0. 8   0. 7 7    0. 7 7    14 1 14 6 5 8 4
0. 8   0. 9  0. 7 8    0. 7 6      5 4 5 9 3 94
0. 6   0. 8   0. 7 6    0. 7 5      4 4 4 9 16 2
0. 7   0. 9  0. 7 7    0. 7 4      2 1 2 4 12 2
0. 6   0. 9  0. 7 8    0. 7 4      13 16 6 4

Comparison of DL rule 
and  eq ual alloc at ion 
for larg e p1 and  p2  
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The D L  r u l e d o es n o t  i m pr o v e t he 
po w er  i n  t he c a se w her e p1 a n d p2 a r e 
l o w , p1 - p2 i s o f  i n t er est , a n d  sa m pl e 
si z e i s su c h t ha t  equ a l  a l l o c a t i o n  y i el d s 
8 0%  po w er   (R o sen b er g er  et  a l . , 
B i o m et r i c s 2 001).

A n y  r espo n se-a d a pt i v e d esi g n  w i l l  b e 
b en ef i c i a l  i f  t he sa m pl e si z e i s m u c h 
hi g her  t ha n  r equ i r ed  

Comparison of DL rule 
and  eq ual alloc at ion 
for small p1 and  p2  
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1. The D r o p-t he-l o ser  r u l e i s a  v er y  
g o o d  r espo n se-a d a pt i v e 
r a n d o m i z a t i o n  pr o c ed u r e.

2 .  The D r o p-t he-l o ser  r u l e c a n  r ed u c e t he 
n u m b er  o f  f a i l u r es a n d  i n c r ea se t he 
po w er  c o m pa r ed  t o  equ a l  a l l o c a t i o n  i f  
b o t h su c c ess pr o b a b i l i t i es a r e hi g h 
a n d  t he o d d s r a t i o  i s o f  i n t er est , f o r  
ex a m pl e, t he F i sher ’s ex a c t  t est  i s 
u sed .

C o n c l u sio n
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R e as o n i n g  ag ai n s t
ad ap t i v e  al l o c at i o n s

• R espo n se i s n o t  i m m ed i a t e

• “If -y o u -t hi n k -o n e’s-b et t er -t hen -w hy -
r a n d o m i z e”?

• U se st o ppi n g  r u l es i n st ea d

• Ther e m i g ht  b e t i m e t r en d s i n  t he 
d a t a  (pa t i en t s g et  si c k er )

• P o ssi b i l i t y  f o r  sel ec t i o n  b i a s

• A d a pt i v e d esi g n s a r e so  c o m pl i c a t ed  
t hey  a r e v i r t u a l l y  i m pr a c t i c a l
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I v a n o v a , A .  ( 2 0 0 3 ) .  A  P l a y -t h e -W i n n e r -T y p e  
U r n  D e s i g n  w i t h  R e d u c e d  V a r i a b i l i t y .
Metrika, 58, 1-13 .

I v a n o v a , A . , a n d  R o s e n b e r g e r ,W . F .  ( 2 0 0 1) .   
A d a p t i v 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  w i t h  
H i g h l y  S u c c e s s f u l  T r e a t m e n t s .   D ru g  
I n f o rm atio n  J o u rn al , 3 5, 10 8 7 -10 9 3 .  

R o s e n b e r g e r , W .  F . , S t a l l a r d , N . , I v a n o v a , A . , 
H a r p e r , C . , a n d  R i c k s , M .  ( 2 0 0 1) .   O p t i m a l  
A d a p t i v e  D e s i g n s  f o r  B i n a r y  R e s p o n s e  T r i a l s .   
B io m etric s , 57 ( 3 ) , 8 3 3 -8 3 7 .  

R e f e r e n c e s
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C h al l e n g e s  i n  o b t ai n i n g  
d i s t r i b u t i o n al  r e s u l t s
1.  C a n  c o n si d er  sa m pl i n g  w i t h r espec t  t o  
• “v i r t u a l ” t i m e
• n u m b er  o f  i m m i g r a t i o n s
• t o t a l  sa m pl e si z e

2 .  O b t a i n  t he r esu l t s o n  c o n t i n u o u s t i m e 
i m m i g r a t i o n -d ea t h pr o c ess (pr o b a b i l i t y  
g en er a t i n g  f u n c t i o n s f o r  t r i a l s, su c c esses 
a n d  f a i l u r es)

3 .  C o n v er t  t hese i n  t er m s o f  t he n u m b er  
o f  su b j ec t s i n st ea d  o f  t i m e

(Iv a n o v a  e t a l . , S a n k hy a  B  2 000, 6 1)
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A p p l i c at i o n  i s s u e s

S ho u l d  a d a pt i v e d esi g n s b e u sed

• … f o r  m i l d  o r  l i f e t hr ea t en i n g  
d i sea ses?

•…w hen  a n t i c i pa t ed  t r ea t m en t  
d i f f er en c e i s l a r g e o r  sm a l l ?

• … m o r e f r equ en t l y  t ha t  t hey  ha v e?
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C h al l e n g e s  i n  o b t ai n i n g  
d i s t r i b u t i o n al  r e s u l t s
1.  O b t a i n  t he r esu l t s o n  c o n t i n u o u s t i m e 
i m m i g r a t i o n -d ea t h pr o c ess (pr o b a b i l i t y  
g en er a t i n g  f u n c t i o n s f o r  t r i a l s, su c c esses 
a n d  f a i l u r es)

2 .  C o n v er t  t hese i n  t er m s o f  t he n u m b er  
o f  su b j ec t s i n st ea d  o f  t i m e

3 .  S i n c e t he r espo n ses a r e d epen d en t  
ha v e t o  u se m a r t i n g a l e t ec hn i qu e t o  
sho w  c o n si st en c y , a sy m pt o t i c  n o r m a l i t y  
a n d  a sy m pt o t i c  i n d epen d en c e o f  
est i m a t o r s
(Iv a n o v a  e t a l . , S a n k hy a  B , 2 000)
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D i s t r i b u t i o n  f o r  
t h e  al l o c at i o n  p r o p o r t i o n

i m m =7 i m m =1 Z o =19  Z o =1
D L  r u l e R P W  r u l e

6 1: 3 9 (o pt i m a l ) 7 5 : 2 5  (l i m i t i n g )

�
� �

0.4 0.5 0.6 0.7 0.8 0.9

D L  r u l e
--------- R P W  r u l e 
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S equ en t i a l  a d a pt i v e d esi g n  seek s t o  
sk ew  a ssi g n m en t   pr o b a b i l i t i es t o  
f a v o r  t he t r ea t m en t s per f o r m i n g  
b et t er  t hu s f a r  i n  t he st u d y , 
pr o po r t i o n a t el y  t o  t he m a g n i t u d e o f  
t he t r ea t m en t  ef f ec t

B u t . . .
• h ig h  v ariab il it y
• l os t  of  ef f ic ienc y w hen  
a l l o c a t i o n  i s sk ew ed  

A d ap t i v e d e s i g n s
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R el a t i o n  o f  t he D L  r u l e t o  c o n t i n u o u s 
t i m e M a r k o v
(M A P K O B ) pr o c ess 
The D L  r u l e i s a  d i sc r et e a n a l o g  o f  a  
c o n t i n u o u s t i m e pu r e d ea t h pr o c ess 
w i t h i m m i g r a t i o n

O R  

a  w a i t i n g  l i n e m o d el  w i t h i n f i n i t e 
n u m b er  o f  ser v er s

R e l at i o n  o f  t h e  D L  r u l e  t o  
c o n t i n u o u s  t i m e  M ar k o v
( M A P K O B )  p r o c e s s  
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T h e  c h o i c e  o f  p ar am e t e r

S t a r t  t he u r n  w i t h a i m m i g r a t i o n  b a l l s 
(c o r r espo n d s t o  t he P o i sso n  
i m m i g r a t i o n  pr o c ess w i t h r a t e a)
C ho o se a so  t ha t  g i v en  pr o b a b i l i t i es o f  
su c c ess est i m a t ed  b ef o r e t he t r i a l  
pr o po r t i o n  o f  t he su b j ec t s a ssi g n ed  t o  
pl a c eb o  i s equ a l  t o  t he o pt i m a l
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P ar am e t e r s  o f  i n t e r e s t  

E th i c a l  pa r a m e te r s

ex pec t ed  pr o po r t i o n  o f  su b j ec t s a ssi g n ed  
t o  ea c h t r ea t m en t  a n d  i t s v a r i a n c e

ex pec t ed  n u m b er  o f  t r ea t m en t  f a i l u r es

I n f e r e n ti a l  pa r a m e te r s

M L E  o f   p1 a n d  p2
u n b i a sed  est i m a t es o f  p1 a n d  p2.  M L E  
est i m a t e t en d s t o  u n d er est i m a t e pi .  F o r  
ex a m pl e, i n  i n v er se sa m pl i n g  sc hem e 
X/(N-1) i s u n b i a sed
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???
N1(t )/(N1(t )+  N2(t )) =

E (N1(t ))=a t /q1-a /q12
E (N2(t ))=a t /q2-a /q22
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

E (N1(t )+  N2(t )) = a t (1/q1+  1/q2)
+ a (1/q12 + 1/q22 )

E (N1(t *)+  N2(t *)) = 4 7 7
hen c e t * =

a n d



41

F o r m u l a e

E (N1(t ))=a t /q1-a /q12
E (N2(t ))=a t /q2-a /q22
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

E (N1(t )+  N2(t )) = a t (1/q1+  1/q2)
+ a (1/q12 + 1/q22 )

E (N1(t *)+  N2(t *)) = 4 7 7
hen c e t * =

a n d  N1(t )/(N1(t )+  N2(t )) =
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t he u r n  m o d el  i n d u c es a  st o c ha st i c  
pr o c ess, t he c o n v er g en c e pr o per t i es o f  
w hi c h a l l o w  sel ec t i o n  o f  d esi g n  po i n t s 
i n  s d i st r i b u t i o n  t ha t  a ppr o x i m a t ed  t he 
o pt i m a l  d esi g n s
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n ew  m et ho d s f o r  pl a n n i n g  c l i n i c a l  t r i a l  
1) d ev el o p st o ppi n g  r u l es so  t ha t  a  t r i a l  
c a n  b e t er m i n a t ed  ea r l y  w i t h t he 
po ssi b i l i t y  o f  r ed u c i n g  t he o v er a l l  
n u m b er  o f  pa t i en t s o n  a  r a n d o m i z ed  
c l i n i c a l  t r i a l   2 ) m et ho d s w hi c h m a k e 
u se o f  t he a c c r u i n g  o u t c o m e d a t a  t ha t  
a l l o w  c ha n g i n g  t r ea t m en t  a l l o c a t i o n  
d u r i n g  t he c o u r se o f  t he t r i a l .   The 
pr i n c i pa l  i d ea  i s, d u r i n g  t he c o u r se o f  
t he st u d y , t o  a l l o c a t e f ew er  pa t i en t s t o  
pr o po r t i o n a l l y  t r ea t m en t s w hi c h 
a ppea r s t o  b e a c c r u i n g  l ess f a v o r a b l e 
en d po i n t  i n f o r m a t i o n .
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N b a l l s  a r e pl a c ed  i n  a  b a sk et
Tw o  f o o l s a r e si t t i n g  n ex t  t o  i t
They  a r e t a k i n g  t he b a l l s o u t  i n  t u r n s
W hi l e t i m e t g o es t o  i n f i n i t y

R u ssi a n  f o l k l o r e
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The l en g t h o f  t he 95 %  C I f o r  o d d s r a t i o
(b a sed  o n  t he No r m a l  a ppr o x i m a t i o n )

In v er se (2 5 : 7 5 ) [ 1. 11]
o pt i m a l (3 9: 6 1) 1. 06
equ a l (5 0: 5 0) 1. 09

To t a l  n u m b er  o f  f a i l u r es

In v er se (2 5 : 7 5 ) 6 0
o pt i m a l (3 9: 6 1) 7 1 [ E x pec t ed ]
equ a l (5 0: 5 0) 100 [ E x pec t ed ]

E x am p l e  ( c o n t i n u e )
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X1/ N1 - X2/ /N1 ~
N (p1 - p2, p1 q1 /N1 +  p2 q2 /N2 )

N1=pi N
N2 =(1-pi )N

X1 Y2 / (Y1 X2) ~
N ((p1 q2)/ (q1 p2),⌦1/(p1N1)  +  1/(q1N1)+ 1/(p2N2)+  1/(q2N2) 
/⌦N

A s y m p t o t i c  d i s t r i b u t i o n  
o f  t h e  e s t i m at o r
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The title is: "The Drop-the-L oser 
R u le in  M ed ic a l Tria ls" 
A b stra c t
I n  c om pa rin g  the ef f ec tiv en ess of  
tw o trea tm en ts elig ib le pa tien ts 
a rriv e seq u en tia lly  a n d  m u st b e 
trea ted  a t on c e.   I n  this c om pa rison  
w e a re trea tin g  pa tien ts n ot on ly  to 
d eriv e in f orm a tion  a b ou t the 
rela tiv e ef f ec tiv en ess of  the 
trea tm en ts,  b u t a lso to trea t ea c h 
pa tien t in  the b est possib le w a y  
tha t w e c a n .   B oth g oa ls m ig ht b e 
c om prom ised  if  a
ra n d om iz a tion  sc hem e in v olv in g  5 0 -
a lloc a tion  is u sed .   The b a sic  
prob lem  is how  to a ssig n  pa tien ts to 
d if f eren t trea tm en t g rou ps to 
a c hiev e a  g ood  c om prom ise b etw een  
the req u irem en ts of  these tw o g oa ls.  
A  n ew  ra n d om iz ed  a d a ptiv e trea tm en t 
a ssig n m en t ru le,  the d rop-the-loser
ru le,  is proposed  a n d  a n a ly z ed .


