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Phase II clinical trials
Goal: to evaluate the clinical activity 

safety
rp
tp

Response:Binary responses

safety
activity 

Univariate

Bivariate

activity 

Hypothesis:Univariate
)(:: 01100 rrrrr pppHppH >==   v.s.  

Bivariate
  v.s.  or 000 : ttrr ppppH ≥≤

001 : ttrr ppppH <>  and  

Background

rX

rX

tX
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�entry time
�evaluated time

Data collection:

n

Stage 1

1n

stage2

Designs

Single-stage design
Two-stage design: Simon (1989)

Curtailed two-stage designs: Chi/Chen (2008)

Univariate binary responses

Curtailed single-stage designs:Herrmann/ 
Szatrowski (1985)

Background
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Single Stage

n

Stop  
declare 
ineffective

Stop  
declare 
effective

patients 
fixed

Background Single-stage design

rX r < rX r ≥
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Stage 1
fixed

Stage 2
fixed 2n

1n

Stop  
declare 
ineffective

Stop  
declare 
ineffective

Stop  
declare 
effective

Background Simon’s two-stage design

11 rX r <
11 rX r ≥

221 rXX rr <+
221 rXX rr ≥+
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)11,15,5,18(),,,( 2211 ====rnrn

Example: Simon’s design parameter

patients
moves to 

stage 2(  ) the observed response (no response) 
�entry time

Stage       
1

181 ====n
51 ≥≥≥≥X

5 responses are 
observed

Background

The need for a design
to make a decision just based on
currently recruited and treated patients 
with known results
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if the investigator can stop the trial and claims
the treatment to be effective or non-effective 
as early, as the number of responses based on
currently recruited and treated patients 
with known results reaches the critical point 
before a predetermined number of
patients have been treated.

Motivation

The need for a design to shorten the drug
development process
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Inverse binomial samplingReview:

n patients
Upper bound

However, the total number of items or subjects 
to be observed may be too large to be able to
observe the required number of responses. 
Therefore, inverse binomial sampling was modified 
by setting an upper bound on the total number of subjects 
to be observed.
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Phatak and Bhatt (1967)

patients1npatients
r1 responses 
are observed

11 yY ====
Stop 

declare effective

Stop
declare ineffective

patients
n1−−−−r1+1 no responses 
are observed

11 yY ====

responses 1111 −−−−++++−−−− rny responses 11 yn −−−−

responses 11 −−−−r

When the accrual rate is low, it can speed development 
of drug.

Curtailed sampling procedure
Review:
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Recruit 
patient

Therapy

Observe n1−−−−r1+1 
non-responses 

Observe r1
responses 

Stop and declare 
ineffective

Stop and declare 
effective

no no

yes yes

no response response

Univariate
Review: Herrmann/ Szatrowski (1985)

1Y

curtailed single-stage design
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Stage 1

Therapy
Observe 
n1-r1+1 

non-responses 

Observe r1
responses 

Stop and declare 
ineffective

Stage 2

Therapy

Observe 
n1+n2−−−−r2+1 

non-responses 

Observe r2
responses 

Stop and declare 
ineffective

Stop and declare 
effective

no response

no

no

yes

yes

no
no

yes yes

response

no response response

Univariate:
ReviewChi/Chen (2008)

curtailed two-stage design
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Comparison resultsReview
)|( pNES

1r 1r

%100
)|(

)|()|(
(%) ××××

−−−−====
pNE

pNEpNE
RS

S

CS

)|( pNEC

expected sample size of Simon
expected sample size of curtailed

<<<< <<<<



14

�entry time

�evaluated time

Data collection:

n

Stage 1

1n

stage2

Designs

Single-stage design

Two-stage design:

Curtailed two-stage designs: ?

Bivariate binary responses

Curtailed single-stage designs: ?

Goal

Conaway and Petroni’s design (1995)

Conaway and Petroni’s design (1995)
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Single Stage

n

Stop  
declare 
ineffective

Stop  
declare 
effective

patients 
fixed

000 or  : ttrr ppppH ≥≥≥≥≤≤≤≤

001  and : ttrr ppppH <<<<>>>>

Single-stage design: bivariate binary
responses

Review

or and

The critical region is based on
intersection union test

Conaway and Petroni’s design (1995)

{{{{ }}}}tXrXXX trtr <<<<≥≥≥≥==== ,|),(

tXt ≥
rXr < rXr ≥

tXt <
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� Jin’s design (2007)

(i’)

(ii’)

(iii’)

� Conaway and Petroni’s design (1995)

(i)

(ii)

(iii)

ααααφφφφ ≤≤≤≤========<<<<≥≥≥≥ ),,|,( 00 ttrrtr pppptXrXP

δδδδφφφφ ≤≤≤≤<<<<≥≥≥≥
∈∈∈∈

),,|,(max
0,

trtr
Hpp

pptXrXP
tr

ββββφφφφ −−−−≥≥≥≥========<<<<≥≥≥≥ 1),,|,( 11 ttrrtr pppptXrXP

10 )0,|,( αααα≤≤≤≤========<<<<≥≥≥≥ trrtr ppptXrXP

20),1|,( αααα≤≤≤≤========<<<<≥≥≥≥ ttrtr ppptXrXP

ββββφφφφ −−−−≥≥≥≥========<<<<≥≥≥≥ 1),,|,( 11 ttrrtr pppptXrXP

ReviewConaway and Petroni’s design (1995)

Error requirements

0H 0H

0H 1H

)0,( 0rp

),1( 0tp
),( 00 tr pp

Single-stage design: bivariate binary 
responses
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Stage 1
fixed

Stage 2
fixed 2n

1n

declare 
ineffective 
or unsafe

11 rXr <

11 rXr ≥

221 rXX rr <+
221 rXX rr ≥+

declare 
ineffective 
or unsafe

declare 
Effective 
and safe

Conaway and Petroni’s design (1995)Review

or 11 tXt ≥

and
11 tXt <

221 tXX tt ≥+or and 221 tXX tt <+

Two-stage design: bivariate binary 
responses
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Extension curtailed two-stage design
bivariate binary responses

Stage 1

response
toxicity

therapy

response
no toxicity

no response
toxicity

no response
no toxicity

observe        responses
and                      no 
toxicity side effects

1r≥≥≥≥
111 ++++−−−−≥≥≥≥ tn

observe                   
non-responses or

toxicity side effects1t

111 ++++−−−− rn

nono

declared ineffective
or unsafe

yes

Stage 2

yes

The maximum 
Sample size is n1

>>>>
>>>>
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Stage 2

response
toxicity

therapy

response
no toxicity

no response
toxicity

no response
no toxicity

observe          responses
and                      no 
toxicity side effects

2r≥≥≥≥
12 ++++−−−−≥≥≥≥ tn

observe                   
non-responses or

toxicity side effects2t

12 ++++−−−− rn

nono

declared ineffective
or unsafe

yes

declared effective
and safe

yes

The maximum 
Sample size 
is n=n1+n2

Extension curtailed two-stage design
bivariate binary responses
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2

15.0

30.0

1

====
====
====

φφφφ
t

to

p

p

maximum type I error rate = 0.05 
power = 0.8 

%100
)(

)()(
(%) ××××

−−−−====
NE

NENE
RS

CP

BCCP

Comparison resultsExtension

expected sample size of C/P

expected sample size of curtailed)|( pNEBC

)|( pNECP

Conditions:

relative percentage of expected 
sample size savings 
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>>>> >>>>

Comparison results
)|( pNECP

)|( pNEBC

expected sample size of C/P
expected sample size of curtailed

Extension
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The curtailed two-stage design allows early  
termination of a trial when a treatment is 
either very effective or very ineffective.

The curtailed two-stage design is recommended 
to apply when the patient accrual rate is very 
slow.

Concluding Remark
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The end
Thanks for your attention
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Stage 1

Therapy
Observe 
n1-r1+1 

non-responses 

Observe r1
responses 

Stop and declare 
ineffective

Stage 2

Therapy

Observe 
n1+n2−−−−r2+1 

non-responses 

Observe r2
responses 

Stop and declare 
ineffective

Stop and declare 
effective

no response

no

no

yes

yes

no
no

yes yes

response

no response response

Univariate:
ReviewChi/Chen (2008)

curtailed two-stage design
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Stage 1
fixed

Stage 2
fixed 2n

1n

Stop  
declare 
ineffective

Stop  
declare 
ineffective

Stop  
declare 
effective

Background Simon’s two-stage design

11 rX r <
11 rX r ≥

221 rXX rr <+
221 rXX rr ≥+
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Bivariate single-stage design
000 or  : ttrr ppppH ≥≥≥≥≤≤≤≤

001  and : ttrr ppppH <<<<>>>>

0H 0H

0H 1H

)0,( 0rp

),1( 0tp
),( 00 tr pp

Intersection union test

The critical region 
{{{{ }}}}tXrXXX trtr <<<<≥≥≥≥==== ,|),(

),,|,( φφφφtrtr pptXrXP <<<<≥≥≥≥ {{{{ }}}})|(),|(min ttrr ptXPprXP <<<<≥≥≥≥≤≤≤≤

since ====≥≥≥≥ )|( rr prXP )0,|,( ====<<<<≥≥≥≥ trtr pptXrXP
====<<<< )|( tt ptXP ),1|,( trtr pptXrXP ====<<<<≥≥≥≥

Increasing 
function of rp

decreasing 
function of tp

Extension
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Comparison resultsReview
)|( pNES

%100
)|(

)|()|(
(%) ××××

−−−−====
pNE

pNEpNE
RS

S

CS

)|( pNEC

expected sample size of Jin
expected sample size of curtailed
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two endpoints of interest as responseand 
toxicity side effect.

)( 1111 pX )( 1212 pX

)( 2121 pX )( 2222 pX

)( rr pX

)( tt pX

Response
yes

no

Toxicity
yes no

nXXXX ====++++++++++++ 22211211

(((( )))) 1),,,,,(~,,, 222112112221121122211211 ====++++++++++++ ppppppppnlMultinomiaXXXX

),(~ rr pnBX ),(~ tt pnBXand

known

known

),min(,),,0min(11 trtr XXnXXX Κ−−−−++++====

unknown

Data collection:Designs
Bivariate
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� Jin’s design (2007)

(i’)

(ii’)

Bivariate single-stage design
Errors requirement

� Conaway and Petroni’s design (1995)

(i)

(ii)

ααααφφφφ ≤≤≤≤========<<<<≥≥≥≥ ),,|,( 00 ttrrtr pppptXrXP

δδδδφφφφ ≤≤≤≤<<<<≥≥≥≥
∈∈∈∈

),,|,(max
0,

trr
Hpp

pptXrXP
tr

10 )0,|,( αααα≤≤≤≤========<<<<≥≥≥≥ trrtr ppptXrXP

20),1|,( αααα≤≤≤≤========<<<<≥≥≥≥ ttrtr ppptXrXP

δδδδ====

δδδδ====
δδδδφφφφ ≤≤≤≤<<<<≥≥≥≥

∈∈∈∈
),,|,(max

0,
trtr

Hpp
pptXrXP

tr

{{{{ }}}}
ββββφφφφ

δδδδ
−−−−≥≥≥≥========<<<<≥≥≥≥

≤≤≤≤========<<<<========≥≥≥≥
1),,|,(

),1|(),0,|(max

11

000

ttrrtr

ttrttrrr

pppptXrXP

ppptXPppprXP

0H 0H

0H 1H

)0,( 0rp

),1( 0tp
),( 00 tr pp
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Phase II clinical trials

Motivation

)(:: 01100 pppHppH >==   v.s.  

001000  and :  v.s. or  : ttrrttrr ppppHppppH <<<<>>>>≥≥≥≥≤≤≤≤

Univariate ���� Simon’s design(1989)

Bivariate ���� Conaway and Petroni’s design(1995)

� Goal�to evaluate the clinical activity 
and safety

Jin’s design (2007) 
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Univariate curtailed two-stage design
probability and expectation

Stage 1

Therapy

Observe n1-r1+1 
non-responses 

Observe r1
responses 

Stop and declare 
ineffective

Moves to
stage 2

no
no

yes yes

no response response

∑∑∑∑
====

−−−−

−−−−

−−−−

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Univariate curtailed two-stage design
probability and expectation

Stage 2

Therapy

Observe n1+n2-r2+1 
non-responses 

Observe r2
responses 

Stop and declare 
ineffective

Stop and declare 
effective

no
no

yes yes

no response response

Given           and     responses are observed in stage 1       
11 yY ==== 1r
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1
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Univariate curtailed two-stage design
design parameter
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(1) Minimax design
Minimim total sample size )}(min|),,,{( 212211 nnrnrn ++++====

ΨΨΨΨ
φφφφ

)|(min 0pNECφφφφ
Minimim expected total sample size

(2) Optimal design

)|(min 0pNECΨΨΨΨ
Minimim expected total sample size

)()()()()|( 2211 YEYEYEYEpNE IIAIIRIIIC ++++++++++++====
The expected total number of patients
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Univariate curtailed two-stage design
comparison

Simon’s two-stage design
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Univariate curtailed two-stage design
design parameter (optimal design)

)1.0,1.0(),( ====ββββαααα
)2.0,05.0(),( ====ββββαααα

)1.0,05.0(),( ====ββββαααα

1r
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Univariate curtailed two-stage design
design parameter (minimax design)

)1.0,1.0(),( ====ββββαααα
)2.0,05.0(),( ====ββββαααα

)1.0,05.0(),( ====ββββαααα

1r
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smalllargeExpected 
sample size

Minimax: Eight sets from curtailed design are

different from Simon’s design.

Optimal: Two sets from curtailed design are

different from Simon’s design.

Design 
parameter

Minimax: Simon’s design equal to Curtailed design. 

Optimal: Simon’s design less than or equal to  

Curtailed design. 

Total 
sample size

CurtailSimon

Univariate curtailed two-stage design
comparison
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and     are known        odds ratio

Bivariate single-stage design

The joint probability mass function of       and      is rX tX
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n
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Dale (1986)
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Bivariate single-stage design
Decision rules and power function

),,|,( φφφφtrtr pptXrXP <<<<≥≥≥≥
ixxnixixi

xx

nxxi trtr

t

x

n

rx
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),min(

),0max(

1

0

The power function can be derived 

Decision rules

� if            or            , then the trial is stopped and the drug is

declared ineffective or unsafe.

� if            and            , then the trial is stopped and the drug is

declared effective and safe.

rX r <<<< tX t ≥≥≥≥

rX r ≥≥≥≥ tX t <<<<
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Bivariate two-stage design
power function and errors requirement

),,,( 2212211111 tXXrXXtXrXP ttrrtr <<<<++++≥≥≥≥++++<<<<≥≥≥≥














++++−−−−−−−−−−−−−−−−
==== ++++−−−−−−−−−−−−−−−−

−−−−++++====

−−−−

========
∑∑∑∑∑∑∑∑∑∑∑∑ ixxnixixi

xx

nxxi trtr

t

x

n

rx

trtr

tr

trtr

pppp
ixxnixixi

n
11111

11

111

1

1

1

11

22211211

),min(

),0max( 11111

1
1

0

∑∑∑∑∑∑∑∑∑∑∑∑
−−−−++++====

−−−−−−−−

====−−−−====









++++−−−−−−−−−−−−−−−−
××××

),min(

),0max( 22222

2
1

0),0max(

22

22

12

2

2

122

tr

tr

t

trr

xx

nxxj trtr

xt

x

n

xrx jxxnjxjxj

n





×××× ++++−−−−−−−−−−−−−−−− jxxnjxjxj trtr pppp 22222
22211211

{{{{ }}}}
ββββφφφφ

δδδδ
−−−−≥≥≥≥========<<<<++++≥≥≥≥++++<<<<≥≥≥≥

≤≤≤≤====<<<<++++<<<<====≥≥≥≥++++≥≥≥≥
1),,|,,,(

)|,(),|,(max

112212211111

022111022111

ttrrttrrtr

tttttrrrrr

pppptXXrXXtXrXP

pptXXtXPpprXXrXP
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The probability of the second stage 
is allowed to continue ),( 1111 tXrXP tr <<<<≥≥≥≥

),()( 111121 tXrXPnnNE trCP <<<<≥≥≥≥++++====
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Y patients

How to shorten the experiment duration?

Bivariate curtailed sampling procedure

Bivariate curtailed sampling procedure

n patients
� response and toxicity (p11)

� response and no toxicity (p12)

� no response and toxicity (p21)

� no response and no toxicity (p22)

observe         and

effective and safe

rX r ≥≥≥≥ tX t <<<<

observe         orrX r <<<< tX t ≥≥≥≥

ineffective or unsafe
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Y patients

� Individual ( the drug is declared effective and safe)
Effective: The trial is stopped if  r responses are observed 

Safe: The trial is stopped if  n-t+1 no toxicity are observed 

Bivariate curtailed sampling proceduren patients

(A) There are exactly r responses and n-t+1 no toxicity

(B) There are more than r responses and exactly n-t+1 no toxicity

(C) There are exactly r responses and more than n-t+1 no toxicity
�the drug is declared effective and safe

)1( ++++−−−−−−−− tny 1)( −−−−====−−−−++++ tynThe required numbers of patients are difference

observe         andrX r ≥≥≥≥ tX t <<<<
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Y patients

� Individual ( the drug is declared ineffective or unsafe)
Ineffective: The trial is stopped if  n-r+1 no responses are observed 

Unsafe: The trial is stopped if  t toxicity are observed 

Bivariate curtailed sampling proceduren patients

(D) There are exactlyn-r+1 no responses and t toxicity

(E) There are exactly n-r+1 no responses and less than t toxicity

(F) There are less than n-r+1 no responses and exactly t toxicity
�the drug is declared ineffective or unsafe

The required numbers of patients are difference

)1( ++++−−−−−−−− rny 1)( −−−−====−−−−++++ ryn

observe         orrX r <<<< tX t ≥≥≥≥
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Bivariate curtailed single-stage design
probability derivation 

)(

)(

yV

yU : the number of response

: the number of toxicity )(

)(

yVy

yUy

−−−−
−−−− : the number of no response

: the number of no toxicity

Among y currently enrolled patients
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ivuyiviui
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==== 22211211

),min(

),0max(

To derive probabilities of event (A) to event (F)

� P(A)+P(B)+P(C)=

� P(D)+P(E)+P(F)=

)(reject yYP ====

)(accept yYP ====

effective and 
safe

ineffective 
or unsafe
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Bivariate curtailed single-stage design
probability (A) 

(A) There are exactly r responses and n-t+1 no toxicity

� r-1 responses and n-t no toxicity     +   (response, no toxicity)

� r responses and n-t no toxicity         +   (no response, no toxicity)

� r-1 responses and n-t+1 no toxicity  +  (response, toxicity)

)1( −−−−y y

))1()1(,1)1((1 tnyVyryUPY −−−−====−−−−−−−−−−−−−−−−====−−−−−−−−
12p

))1()1(,)1((1 tnyVyryUPY −−−−====−−−−−−−−−−−−====−−−−−−−−
22p

)1)1()1(,1)1((1 ++++−−−−====−−−−−−−−−−−−−−−−====−−−−−−−− tnyVyryUPY
11p

)1)1(,1)1((1 −−−−++++−−−−====−−−−−−−−====−−−−−−−− tnyyVryUPY
12p

)1)1(,)1((1 −−−−++++−−−−====−−−−====−−−−−−−− tnyyVryUPY
22p

)2)1(,1)1((1 −−−−++++−−−−====−−−−−−−−====−−−−−−−− tnyyVryUPY
11p

ntnry ,),1,max( Κ++++−−−−====

]1[ ++++≥≥≥≥ rYI

]2[ ++++−−−−≥≥≥≥ tnYI
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Bivariate curtailed single-stage design
probability (B) 

(B) There are more than r responses and exactly n-t+1 no toxicity

� r responses and n-t no toxicity          +        (response, no toxicity)

� more than r+1 responses and n-t no toxicity+(any, no toxicity)

)1( −−−−y y

))1()1(,)1((1 tnyVyryUPY −−−−====−−−−−−−−−−−−====−−−−−−−−
12p
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y
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ntnry ,),1,1max( Κ++++−−−−++++====
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Bivariate curtailed single-stage design
probability (C) 

(C) There are exactly r responses and more than n-t+1 no toxicity

� r-1 responses and n-t+1 no toxicity     +      (response, no toxicity)

�r-1 responses and more than n-t+1 no toxicity+(response, any)

)1( −−−−y y

)1)1()1(,1)1((1 ++++−−−−====−−−−−−−−−−−−−−−−====−−−−−−−− tnyVyryUPY
12p
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)2)1(,1)1((1 −−−−++++−−−−====−−−−−−−−====−−−−−−−− tnyyVryUPY
12p

∑∑∑∑
−−−−++++−−−−

====
−−−− ====−−−−−−−−====−−−−

3

0
1 ))1(,1)1((

tny

v
Y vyVryUP rp

ntnry ,),2,max( Κ++++−−−−====

]3[ ++++−−−−≥≥≥≥ tnYI



48

Bivariate curtailed single-stage design

)()()()(reject CPBPAPyYP ++++++++========

The probability of a trial stopping early at           due to 
the new therapy being sufficiently effective and safe
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Bivariate curtailed single-stage design
probability (D) 

(D) There are exactly n-r+1 no responses and t toxicity

� n-r no responses and t-1 toxicity        +   (no response, toxicity)
)1( −−−−y y

)1)1(,)1()1((1 −−−−====−−−−−−−−====−−−−−−−−−−−−−−−− tyVrnyUyPY
21p
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Bivariate curtailed single-stage design
probability (E) 

(E) There are exactly n-r+1 no responses and less than t toxicity

� n-r no responses and t-1 toxicity         + (no response, no toxicity)

� n-r no responses and less than t-2 toxicity+(no response, any)

)1( −−−−y y

)1)1(,)1()1((1 −−−−====−−−−−−−−====−−−−−−−−−−−−−−−− tyVrnyUyPY
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Bivariate curtailed single-stage design
probability (F) 

(F) There are less than n-r+1 no responses and exactly t toxicity

� n-r no responses and t-1 toxicity         +      (response, toxicity)

� less than n-r-1 no responses and t-1 toxicity+(any, toxicity)

)1( −−−−y y
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Bivariate curtailed single-stage design

The probability of a trial stopping early at           due to 
the new therapy being not sufficiently effective or safe
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Bivariate curtailed two-stage design
probability and expected sample size

� Notation:

•Among y1 currently enrolled patients at the first stage

•Among y2 currently enrolled patients at the first stage

)(

)(

11

11

yV

yU : the number of response at the first stage

: the number of toxicity at the first stage

)(

)(

22

22

yV

yU : the number of response at the second stage

: the number of toxicity at the second stage
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Bivariate curtailed two-stage design
probability and expected sample size

�Stop at the first stage (declared ineffective or unsafe)
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Bivariate curtailed two-stage design
probability and expected sample size

�Continue to the second stage
)( 11II yYP ====
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Bivariate curtailed two-stage design
probability and expected sample size

�Stop at the second stage (declared ineffective or unsafe)

stagefirst  theat  observedthat   and , Given 111111 vVuUyY ============
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Bivariate curtailed two-stage design
probability and expected sample size

�Stop at the second stage (declared effective and safe)

stagefirst  theat  observedthat   and , Given 111111 vVuUyY ============
The maximum sample size
Required response                               and toxicity
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Bivariate curtailed two-stage design
The probability of rejecting the null hypothesis
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Bivariate curtailed two-stage design
design parameters

Errors requirement
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Bivariate curtailed two-stage design
design parameters
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The maximum type I error rate is specified as 0.05 and 
the power is specified as 0.8. 
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Concluding remarks

�The curtailed two-stage design allow early  
termination of a trial when a treatment is either 
very effective or very ineffective.

�The curtailed two-stage design is recommended 
to apply when the patient accrual rate is very slow.

�The curtailed two-stage design is easy to 
implement in practice since it offers fixed 
stopping rules at each stage. 
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Future work

�If there is sufficient evidence of efficacy and safety to 
make it worth further studying in a phase III clinical trials, 
how to estimate the treatment effects (efficacy and safety)?

� It is interesting and important to extend the curtailed 
sampling procedure to a two-stage design with continuous 
endpoints. 

�This dissertation focus on the marginal total numbersof 
patients observed responses and toxicity side effects to 
evaluate the efficacy and safety for the bivariate two-stage 
design. A reasonable inference has to be developed based 
on the individual cell counts. 
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The end
Thanks for your attention


