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Background
Example: Simon’s design parameter

(n,.1,.0.1,) = (18 515 11)
/

n, = 18patients B
e lentry time X, =5 moves to
= ( m) the observed response (no respons@tage 2

Stage %
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The need for a design 5 responses ar
to make a decision just based gn  gbserved

currently recruited and treated patients
with known results




Motivation

The need for a design to shorten the dru
development process

Q

If the Investigator can stop the trial and claims
the treatment to be effective or non-effective
as early, as the number of responsémsed on
currently recruited and treated patients

with known results reaches the critical point
before a predetermined number of

patients have been treated.



Review:Inverse binomial sampling

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 bfas‘us
to be observed.




Review: Phatak and Bhatt (1967)
Curtailed sampling procedure
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When the accrual rate is low, it can speed developnt
of drug.



Review: Herrmann/ Szatrowski (1985)
Univariate Ign




ReviewcChi/Chen (2008)
Univariate: 4440

response
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Review Comparison results

E<(N|p) expected sample size of Sim:)'n.:‘
E-(N|[p) expected sample size of curtatied

RS (%) = ES(NllzpzlzllE‘BgN 1P) 100%
S

Minimax Design Optimal Design

Py P n, Iy mn Iy E(Np) EWN|p) RS%) n, Iy n 1, E©N|p) EMNp) RS(%)

01 03 15 2 25 6 1839 1935l 5.7 10 2 29 6 1407 1501 6.3
02 04 18 5 33 11 2043 2226 8.2 13 4 43 13 1877 20358 8.8
03 05 19 7 39 17 2310 2569 | 101 15 6 46 19 2111 23.63 10.7
04 06 34 18 39 21 2834~.3444 | 177 16 8 46 24 2131™.2452 | 131
05 07 23 13 37 24 2378 2774 | 143 159 43 27 1976 2350 | 159
06 08 13 9 35 26 1663 2077 | 199 118 43 31 1634 2048 | 202
07 09 23 20 26 22 1320 2316 \43.0 6 5 27 23 1059 1482 8.6




Goal

Data collection: Designs 2
Bivariate binary responses
n

n,

BeAme ok

Stage 1 stage2

® entry time

m[Jevaluated time

Single-stage deSigIbnaway and Petroni’s design (1995)

Two-stage deSign'Conaway and Petroni’s design (1995)
Curtailed single-stage designs: ?
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Curtailed two-stage designs: ?



ReviewConaway and Petroni’s design (1995
Single-stage design: bivariate binary

O: prS prOOr pt

1+ P> Ppoand p; < py
ne critical region Is based on

responses
2 Pio

~—

intersection union tes{(X_, X,)| X, =r, X, <t}
Single Stage

X, <r
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Stop
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ReViEWConaway and Petroni’s design (1995
Single-stage design: bivariate binary

H 0
(11 pto)
H 0 H 1

Error requirements

( prO 10)
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o00000
CLX X |

responses

B Conaway and Petroni’s design (1995)

(I) P(szr’xt<t|pr=prO’ptzptO’¢)Sa
(i) max P(X,zr, X, <t|p,p, ,¢) <9I

P, P OHg
() P(X, 2r, X, <t|p, =Py, P =Py, §)21- 8
® Jin’s design (2007)

()
(ir’)
(iii")

P(Xr ZI">(t<t| pr = prO’pt =O)S0'1
P(X, 21, X, <t|p, =1 p =py)sa, §
P(Xr Zr.’>(t <t| pr = prl’ pt = pt1’¢)21_/8



Review Conaway and Petroni’s design (199
Two-stage design: bivariate binary

reSponses
Stage 1
X< fixed N,
or thZtl, X, >r,
neffective X <,
or unsafe Stage 2
Xrl _I_sz <r, fixed N,

or Xyt X2t

declare
Ineffective
or unsafe

declére
Effective
and safe

Sfss:
Xrl-l-xrz 2 r2

and Xy + X, <t,
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Extension curtailed two-stage design
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Extension curtailed two-stage design
bivariate binary responses
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Extension Comparison results

Conditions:
maximum type | error rate = 0.05

power = 0.8
P, = 0.30

p,, = 0.15
Q=2
E.-(N|p) expected sample size of curtailed

E.-(N|p) expected sample size of C/P

RS(%) = ECP(E)_(EE;C(N)MO%

relative percentage of expected
sample size savings



Extension Comparison results

E.-(N| p) expected sample size of C/P
Esc(N| p) expected sample size of curtail

(D

o
O

Py = Pros Pr = Pro Py =Py P =Dy
Do Py B T, norot, Ep(N) Ej(N) RS(%) Ep(N) Ej(N) RS(%)
0.1 035 21 2 49 10 10 334953 266052 2057 487264 451255 739
02 045 20 3 3 17 11 267435 21.9691 1785  51.6390 48.0531  6.98
03 055 20 7 3 22 11 270905 219129 19.01  SLST5T 479775 6.98
04 065 18 8 3 2 11 282553 219863 22.19 518466 482448  6.95
05 075 19 1l 3 33 11 2D591~19.7578 2280  S1A47A&~ 478817  6.98
06 085 16 1l 33 39 11 232381 169807 2699 512686 47.7316  6.90
0.7 09 17 14 49 40 10 21.6190 144360 3323 484547 448540 743




Concluding Remark

The curtalled 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.

22



The end
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Extension

HO: pr

2 Py

Ho

Hy

.( prO’ ptO)

® (L py)

Ho

H,

P(X, 21, X, <t|p,, P, ¢ <min{P(X, 2r|p),P(X, <t|p,)}
SINCEP(X, 21| p,) =P(X, =1, X, <t|p,, p, =0)

P(X, <tIR)=P(X, 21,X, <t|p, =L = emng

(Pe0)

Bivariate single-stage design

< prO or pt

H i p > poandp < pg

Intersection union test

The critical region
={(X,, X)X, =r,X, <t}
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Review Comparison results

Es(N|p) expected sample size of Ji 0
E-(N|[p) expected sample size of curtatied

E —
RS (%) = S(NllzpleE‘E);Nlp)xloO%
S
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. . 000
Data collection:Designs 345
. . 00
Bivariate ecoe
o0
o O
two endpoints of interest assponseand
toxicity side effect
Toxicity
yes no
ved Kb | Xu(po) X, (p )< knownD

Response
Nno X21( p21) Xzz( pzz)

Xt(pt) Xt Xp+ X+ Xp=n

(X12 X1 X1, X,) ~ Multinomial (0, puy, Pioy Bors P, Pra+ Prot Py + Ppy = 1
Xr ~ B(ni pr) and Xt ~ B(n1 pt) 28




Bivariate single-stage design secce
Errors requirement ‘s

B Conaway and Petroni’s design (1995)

0 P(X, 21, X <=1, P = P §) £ Q
(1) max P(X, 2r,X<t|p,p,g)<d

P, P OH
M Jin’s design (2007)
(I’) P(szr’xt<t|pr=prO’ptzo)Sal
(i) P(X,z2r, X, <t[p,=Lp =po)=a,
> max P(X. =r, X, <t|p,,p,¢) <O
Py P OHg

max{P(Xr 21| P, = P,y ), P(X, <t Lp = pto)}s o
P(X, 21, X, <t|p =Py P =P, P21-0




Motivation
Phase Il clinical trials
® Goalto evaluate the clinical activity

and safety
Univariate =» Simon’s design(1989)
Ho:p=pg vs Hi:p=pi(> pg)
Bivariate = Conaway and Petroni’s desigr1995)
Jin’s design (2007)

Ho! P S PoOr P2 pPyV.s.Hiip >pyandp < Pro
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Univariate curtailed two-stage design .
- . o0
probability and expectation ° o
» Stage I«
no no respons response
Observen,-r+ Observe,
ONn-responses responses
y,=n,—r+1K  n, Yo=roken,
Stop and declare Moves 10
Ineffective stage 2
y, -1 —ny+r, -1 ny—r,+1 yl_l\ r
P(Y1=y1)=(n _rjpyl A=)t P(Y1=y1)=(r _q |P"A-p’
1 N 1 J

& y -1 —n,+r, = n,—=ry+ L (y -1 r 3l-r
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Univariate curtailed two-stage design °
probability and expectation

Givery, =y, angd responses are observerge s

m=n,+n,—y)—(r,—-r)r1
1+ = Y= 1) Jstage 2

no respons

On'reSpOnS -
Y,=m\K ,n +n, -y,

Stop and decla S
ineffective | =% %=w= (rz_rl_l]p a-p

yz_l -m m
P(Y,=Y,]Y. =y)=( ]pyz 1-p) & y—1 ot l=pt S Y,=1 ) . -
Lot T m-1 SIRIAED I (. Z e V2 peT (L p)’et
e Q—l rn,-r-1
ny y R S y . - __
E,a(Yy) = Z{(rl_ Jpl(l p)*™ Z Y2[r; 1) 2" (1-p) }
Yi=r 1

no response

no

Observe,
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Y, =r2_r11K N +N, =Yy,
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Univariate curtailed two-stage design E:..‘
design parameter ° o

ng+n,=y;

i -1 -1
Re(ny,fy M, | D)= 2 {[fl_ljp“a— Oy [ " prf“a— p)}

y1=r 1 Y2=r—h =l ~
W={(n,,r;,n,,r,)|R(N,r,n,,1, | po) <a,R(n,r,n,r,|p)21-5}
(1) Minimax design
Minimim total sample sizeg ={(n,,r,,n,,r,)| mqun(nl +n,)}

Minimim expected total sample sim;i,n E.(N|p,)
(2) Optimal design
Minimim expected total sample sithiJn E.(N|p,)

The expected total number of patients
E.(N|p)=E (Y)+E (Y)+E r(Y,) +E | A(Y>) ”



Univariate curtailed two-stage design S .
comparison ° o

Simon’s two-stage design

ny nl\ y - n, n2 ) o
Rs(nl,rl,nz,r2|p):2{[ pl(l— p)1 ! Z ( jp 2(1_ p)z 2}

X1=I’1 1) X2 =maX(r2_X1 ,O) 2

N »
E<(N|p)=n,+n, Z(lepxl @-p)m

1

Under the same design paramefdig, I;,N,,I,)

BE.(N|p)<Es(N]|p)
O RC(nl’rl’nZ’rzl p) — RS(nl’rl’nZ’r2| p)
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Univariate curtailed two-stage design | s22e
desi ter (optimal design) K

Design parameter 2= P P2 = (a ﬂ) — (O 10 1)
Po £ e ry n 5 EAN B E5(N| 1) E(N| B2 £V B) A\ e
0.05 0.25 9 1 24 3 13.74 14.55 10.99 22.87 {a ﬂ) — (005 02)
=] 1 17 3 11.55 11.96 10.53 16.40 \ ' - ' L
9 1 30 4 16.07 16.76 14.68 28.42
4
0.1 0.3 12 2 35 & 18.53 19.84 18.45 33.04 (a,ﬂ) - (005501)
10 2 29 (] 14.07 15.01 17.14 26.16
18 3 35 7 21.27 Z2.53 22.06 33.98
0.2 0.4 22(17) 6(4) 38(37) 11¢11) 24.17 26.02 26.15 36.07
13 -1 43 13 18.76 Z0.58 27.83 37.94
19 5 54 16 Z28.18 30.43 37.65 51.56
0.3 0.5 22 8 46 18 27.27 Z9.89 34.25 44.39
15 & 46 19 21.11 23.63 33.21 41.32
24 o 63 25 31.50 34.72 47.12 60.04
0.4 0.6 18 8 46 23 27.13 30.22 36.47 44.39
16 8 46 24 21.31 2Z4.52 35.32 41.73
25 12 66 33 31.88 35.98 51.81 62.81
0.5 0.7 21 12 45 27 25.29 28.96 36.71 43.38
15 =] 43 27 19.76 2Z3.50 34.34 39.33
24 14 61 37 29.22 34.01 49 .95 58.25
0.6 0.8 11 7 38 27 z2l.19 2Z5.38 32.10 36.64
11 8 43 31 16.34 Z20.48 33.31 37.84
19 13 53 38 24.13 29.47 44,92 50.70
0.7 0.9 =] 28 23 13.99 17.79 24.27 26.99
&) ] 27 23 10.59 14.82 22.48 24.60 35

b
W
N
[§]

17(15) 14(12) 39(36) 32(30) 15.68 21.23 34.83




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

Design parameter P = Py P2 =
Lo = 7y r 72 e LN B E AV B) LN ) LN 2D
0.05 0.25 13 1 20 3 15.77 16.41 11.35 19.83
12 1 16 3 13.39 13.84 10.74 15.87
15 1 25 4 19.53 20.37 15.29 2487
0.1 0.3 11(16)  1(2) 25(25)  S5(5) 19.24 20.3 15.92 24.76
15 2 25 o 18.39 19.51 18.43 24.65
18(22) 2(3) 33(33)  T(7) 24.73 26.18 22.54 32.77
0.2 0.4 19 s 36 11 26.2 28.26 26.62 35.61
18 s 33 11 20.43 22.25 25.14 31.59
24 o 45 14 29.02 31.23 33.70 44.16
0.3 0.5 26(28) T(8) 39(39) 16(16) 32.02 34.99 31.36 38.93
19 7 39 17 23.09 25.69 31.37 37.33
24 8 53 22 33.31 36.62 42.59 52.07
0.4 0.6 19(28) 7T(12) 41(41) 21(21) 30.31 33.84 34.2 40.72
34 18 39 21 28.34 34.44 33.16 38.22
29 13 54 28 34.06 38.06 A45.33 53.18
0.5 0.7 15¢23) 7(12) 39(39) 24(24) 27.16 31.00 33.4 38.66
16(23) 8(13) 37(37)  24(24) 23.73 7.74 32.54 36.24
2AE2TY 13(15)  S3(53) 33(33) 31.26 36.11 45.72 52.07
0.6 0.8 27 19 35 25 22.78 28.47 30.24 34.41
13 o 35 26 16.63 20.77 29.52 32.82
26 16 45 33 29.84 35.90 40.46 44 .85
0.7 0.9 9(16) G6i(12) 25(25) 21(21>» 15.26 20,05 22.65 2485
23 20 26 22 13.20 23.16 22.65 25.42
18 14 32 27 17.49 22.66 29.09 31.61

(a,B)
(a.p)

(a.p)

(010.1)
(005,02)

(005,0.1)
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Univariate curtailed two-stage design

comparison

Simon Curtall

Minimax: Simon’s design equal to Curtailed design.

Total ._ | Optimal: Simon’s design less than or equal to
sample size _ _
Curtailed design.
Minimax: Eight sets from curtailed design are
Design different from Simon’s design.

parameter| Optimal: Two sets from curtailed design are

different from Simon’s design.

Expected
sample sizeF

large small
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Bivariate single-stage design

The joint probability mass function of, abidis
P(Xr = Xr ) Xt = Xt)

min( X, ,X;)
— Z t n pi pxr—i pxt—i I:)n—xr—xt+i
i Xr_l n_Xr_Xt+| 11 M12 21 22

X, =1

I=max(0,x, +X;—n)

Dale (1986)
P.andP. are known+  odds ragq#1)

_a-vJa’+b a=1+(¢-1)(p +p,)
b=-4¢(¢-1)p, P,

>
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Bivariate single-stage design .
Decision rules and power function «°

Decision rules

B if X <r orx,=t ,thenthe trialis pped and the drug Is
declared ineffective or unsafe.

B if X, >r andX, <t , then the trial isjgped and the drug is

declared effective and safe.

Thepower function can be derived
P(X; 2r, X, <t|p., p.¢

n t—1 min( X, , X;) n
X, =1 Xt =1 aN=X; =X +i
= _ . . PP P Py
Z Z Z i Xr—l n—Xr—Xt'l‘l 11 M12 21 22

X, =r %;=0 i=max(0,x, +x;—n) Xt =



o00
o000
L . 11T
Bivariate two-stage design 200e®
: : o0
power function and errors requirement| © ®
P(Xrl — rl’ th < 1:1’ Xrl t Xr2 = r2’ th t Xt2 < tz)
<L N e Xea) n, X1 =1 X1 =i g = X1 = Xppeti
) &_‘r1 ;:[Z;O %I max(OxZ+xtl—nl)[I Xrl al th al nl - Xrl - th +ij11 p12 p21 p22

N, to=Xy =1 min(X,2,X2) ( n,

DD D)

X; o=max(0,r,—%,1) X;,=0 j=max(0,xr2+xt2—n)kj Xr2 - J Xt2 - J n2 - Xr2 - Xt2 + JJ

x plypiy Py ph e } The probability of the second stag
Is allowed to continugx,, >, X, <t,)

Errors requirement
maX{P(Xrl— l’X +Xr2—r |pr —

e

P(Xi 21, Xy <t, X+ X, 2 Z,Xt1+><t2<t ||or PP =P @216
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Bivariate curtailed sampling proce

| =4

‘ Ineffective or unsafe

How to shorten the experiment duratio

Bivariate curtailed sampling procedure observe(, <r Ox, >t

Y patients
0000000080
[n patients
® response and toxicity(,) u

® response and no toxicitp,)

- observe. =r and <t
® no response and toxicitp4) I

no response and no toxicity,§) effective and safe =




Bivariate curtal observec =1 and <[ npatents |

Y patients
O O O O - O

B Individual (the drug is declared effective and saje
Effective: The trial is stopped if responses are observed

Safe The trial is stopped iih-t+1) no toxicity are observed

:> The required numbers of patients are difference
(A) There are exactlyresponses ana-t+1 no toxicity

(B) There are more tharresponses and exactiyt+1 no toxicity

(C) There are exactlyresponses and more thait+1 no toxicity
& the drug is declared effective and safe "



Bivariate curtail{gpserve <1 ox =1 F patients

Y patients

B Individual (the drug is declared ineffective or unsafe

Ineffective: The trial is stopped ih-r+1no responses are observed
y=(n-r+)+(n-y)=r-1

Unsafe The trial is stopped if toxicity are observed

1 The required numbers of patients are difference

(D) There are exactlg-r+1 no responses andoxicity

(E) There are exactly-r+1 no responses and less thaaoxicity

(F) There are less thamr+1 no responses and exacthpxicity
¢ the drug is declared ineffective or unsafe



Bivariate curtailed single-stage design °
probability derivation

Amongy currently enrolled patients

U(y): the number of responsg—U(y): the number of no response
V (y) : the number of toxicity y—V (y): the number of no toxicity

R (U(y)=uV(y)=V)

min(u,v) y e i yeteven
) Z (i u=1 v-I y_U—V+i]pllp12 P21 Pa

i=max(0,u+v-y)

To derive probabilities of event
safe
B P(A)+P(B)+P(C)=F e (Y = Yy
ineffective
H P(D)+P(E)+P(F):Paccept(Y = y) or unsafe




Bivariate curtailed single-stage design

probability (A)

(A) There are exactlyresponses ana-t+1 no toxicity

(y-1)

PaUy-)=r-L(y-)-V(y-1)=n-t)
RLU(y-)=r-1V(y-1)=y-n+t-1)
I responses anat no toxicity
PY—l(y_l) -V(y-1)=n-t)
RU(y-1)=rV(y-I)=y-n+t-1)
r-1responses anat+1 no toxicity

H_U(y-)=r-1(y-1)-V(y-1= n—t+|L) .

P (U(y-D=r-1V(y-D=y-n+t-2)|

r-1responses anatt no toxicity |+

+

=4

y
(response, no toxicity)

Pi2

P
(no response, no toxicity)

Py,
I[Y 21 +1]
Pa;

(respons%, toxicity)

Pr1

y=max(r,n-t+1),K ,n
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Bivariate curtailed single-stage design 5:::‘
probability (B) ° o

(B) There are more tharresponses and exactiyt+1 no toxicity

(y-1) y 9]
l I responses anakt no toxicity + (response, no toxipit
R_U(y-)=r,(y-)-V(y-1)=n-t) Pro
PR_U(y-D)=rV(y-1)=y-n+t-1) P12
® more tharr+1 responses amnat no toxicity+(any, no toxicity)
PY—1(U(y_1)2r+1:(y_1)_v(y_1)=n_t) P+ P
ipy_l(U(y—1)=U,V(y—l)=y—n+t—1) 1-p

y=max(r+1ln-t+1),K ,n
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Bivariate curtailed single-stage design 5:::‘
probability (C) °

(C) There are exactiyresponses and more thait+1 no toxicity

(y-1) y CI
r-1responses anatt+1 no toxicity + |(response, no toxidgty)
P_,(U(y-)=r-1(y-1)-V(y-1)=n-t+1]) Pi2
PR_U(y-D=r-1V(y-1)=y-n+t-2) Pr2
r-1 responses and more thait+1 no toxicity+(response, any)
Y—1(U(y_1)=r_1!(y_1)_v(y_1)2n_t+2) Pyt Py
y_ni_é’v_l(U(y-l) =r=1V(y-1)=v) B

y=max(r,n-t+2),K ,n

a7



Bivariate curtailed single-stage design °
I:)reject (Y = y)

The probability of a trial stopping early At= Y due to
the new therapy being sufficiently effective antesa

reject(Y y) P(A)+ P(B)+ P(C)
= Y_l(U(y—1)=r—1,V(y—1)—y—n+t—1)p12

y-1
+Z PR_(U(y-D=uV(y-1D)=y-n+t=211-p)I[Y =1 +1]
y—-n+t-2

+ Y RLUy-1)=r-1V(y-1)=v)pI[Y2n-t+2]

v=0

y=max(r,n—-t+1),K ,n

I:JY (U (y) = U,V(y) - V) = min(zu'\/) ( . .y )pllplz p21 p2y24% v

izmax(ou+v-y)\! U—1 V—I y_U_V+|
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Bivariate curtailed single-stage design| 22:s°
- o0
probability (D) ° o
(D) There are exactly i+1 no responses andoxicity
(y-1) N y .
@ n-r no responses ariel toxicity +| (no response, toxicity)
PL((y-D-U(y-1)=n-rV(y-1)=t-1) Pax
P_(U(y-D)=y-n+r-1V(y-1)=t-1) Pzt

y=max(r,n—-t+1),K ,n
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Bivariate curtailed single-stage design| 22:s°
_— o0
probability (E) ° e
(E) There are exactly n+1 no responses and less thaoxicity
l (y-1) N J y |
N-r no responses artel toxicity + (nO response, No toxic
Ra((y=1-U(y-)=n-r¥(y-1)=t-1) Pz
RaU(y=1)=y-n+r-1V(y-1)=t-1) Pz
® n-r no responses and less thdhtoxicity+(no response, any)
PY_l((y—l)—U(y—1)=n—r,V(y—l)st—Z) P21 T Py
Y R U= = y-ner -1V (y-1) =V 1-p

y=n-r+1K ,6n
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Bivariate curtailed single-stage design| 22:s°
_— o0
probabllity (F) ° o
(F) There are less thanrsd no responses and exactipxicity
l (y-1) N y B
N-r no responses aredl toxicity + | (response, toxicity)
Ru((y=D-U(y-1=n-rV(y-1=t-1) Pu
P,_(U(y-1)=y-n+r-DV(y-1)=t-1) Pis
less tham-r-1 no responses arell toxicjty+(any, toxicity)
Y—1((y_1)_U(y_1)Sn_r_1’V(y_1)=t_1) P+ Py
S RLUY-D=uV(y-1)=v) P
u=min(0,y—-n+r)

y=t,K,n
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Bivariate curtailed single-stage design °
I:)accept(Y = y)

The probability of a trial stopping early At= Y due to
the new therapy being not sufficiently effectivesafe

Paccept(Y = y) = P(D) + P(E) + P(F)
=R _U(y-)=y-n+r-1V(y-1)=t-1)(1- p,)I[Y 2max(n—r + 1,t)]

+min(t§y_l)PY_l(U(y—1) =y-n+r-1V(y-1)=v)@A-p)I[Y 2n-r +1]
+ f P_U(y-)=uV(y-1)=t-21pl[Y =t]

u=max(0,y—n+r)

y=min(n-r +1t),K ,n

min(u,v) | | | |
PY (U (y) - u1V ( y) - V) = Z ( y )pil pluz_l p\ZIII pzy2—5uz—v+|

i=max(0,u+v-y) I u—-i v-i y_U_V+i



Bivariate curtailed two-stage design
probability and expected sample size

B Notation:

Amongy, currently enrolled patients at the first stage
U.(Y,) : the number of response at the first stage
V,(y,) : the number of toxicity at the first stage

Amongy, currently enrolled patients at the first stage

U,(Y,): the number of response at the second stage
V,(y,) : 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 aaia)

RYL=Yy)
= Y1—1(U1(y1 -1)= yi—nh +r, - 1,V1(y1 -1)= L -1)(1- p12)| [Y1 2 max(n1 -+l t1)]

min(t;-2,y;-1)
+ Z PYl—l(Ul(yl_l)z o=+, =LV, (y, =1) =v,)A- p)I[Y,2n, -1, +1]
v, =0
yi—1

+ ) Py D) =u iy, - D =t -1 pld Y, 2]

u; =max(0,y; —n; +r;) _
Paccept(Y _ y)

y, =min(n,—-r, +1,t,),K ,n,
s uvVv.,Y.,nr,t

E Y — P Y -
BC_I( 1) y1=min(n21:—r1+1,tl)y1 (Y. =V,) — U11V11Y1’ nl’ I’l,ti



Bivariate curtailed two-stage design :‘.:‘
probability and expected sample size | ¢ ¢

€ Continue to the second stage
I:)II (Yl = yl)
= Y1—1(U1(y1 -1)= r = 1’V1(y1 -1) = y,—n +1; -1) P12

y1—1
+ Z PYl—l(Ul(yl —D=u Vi(y, =D =y, —n +t, -1)A- p)I[Y, 21, +1]

yp —ng+t; =2
+ Z PYl—l(Ul(yl -1)=r -1V (y, -1 =v)pI[Y;2n, -t +2]
v;=0
1 P..(Y =
Yy, = max(rl, n, — tl + 1),K N, reject( y)

y u,v,Y,n,r,t
Egc ) (Y1) = Z Y, Py (Y1 = V1)
y, =max(ry ,n; —t; +1) — U . ’Vl ’Yl ’ nl ’ rl ’ ‘Ei



Bivariate curtailed two-stage design ::::‘
probability and expected sample size | ¢ ¢

GivenY, = y,,U, =u, andV, =v, that observedat thefirst stage

The maximum sample sizeh, +n, =Yy, n.rt
Required respong®, = max(0,r, —u taxeitym, = max(0,t, —v,)
& Stop at the second stage (declared ineffectivansafe)

PoAa(Y, =Y, 1Y, =y, U (y) =u,Vi(y,) =v,) Paccept(Y = y),U VLY = U21\/2’Y2

=R, 4U (Y, =)=y, +y,—-n+m, —=1V,(y,-1) =m, -1)(1- p)I[Y, 2max(n -y, —m; +1,m,)]

min(m,-2,y,-1)

+ Z PYZ—l(Uz(yz_l)zy1+yz_n+m1_11vz(y2_1)=V2)(1_ pIIY,2n=-y, -m, +1]

v,=0
y2—1

+ Z P, (U (Y, =1) = u,,V,(y, =1) =m, =1) p, I [Y, 2 m,]

up=max(0,y; +y,—n+m)

Y, =min(n_ yl_m1+1’m2)’K N=Y;

Ny n-=y;
EBC_II,A(YZ) = z {Pn (Y, =y,) % z @2 1Y, =y, U, (y,) =u,V,(y,) =V, ) Fb
y,=max(ry,ny—t; +1) yo,=min(n=-y;-m;+1,m,)




Bivariate curtailed two-stage design ::::‘
probability and expected sample size | ¢ ¢

GivenY, = y,,U, =u, andV, =v, that observedat thefirst stage

The maximum sample sizeh, +n, -y, n_r t
Required respongs, = max(0,r, —u tanccitym, = max(0,t, —v,)
& Stop at the second stage (declared effective &ril sa

P (Yo = ¥, 1Y, = v, Uy (v2) = U,V (yy) = veeen(Y = YL ULVLY = Uo VoY,

= Rea(Ua(y: =) =M, — 1V, (y, =) = Yy + Yo =N+ m, -1,

-1

+ZP LUV, =) =u, (Y, — D) =y, +y, —n+m, - 1)1~ p)I[Y,=m, +1]

Uy =my

Yy, +Yo,—n+m,-2
+ Z R,-1(Us(y, =) =m, =1V,(y,=1) =v,)pI[Y,2n-y, —m, +2]
v,=0

Y, =max(m1,n—y1—m2+1),K N=Y;

Ny n-y;
EBC_II,R(YZ) = Z {Pn (Y, =y,)% z @ 1Y, =y,,Us(yy) = ulvvm
y1=max(ry,ny =ty +1) Y2 =max(mg,n=y; =m, 1)




Bivariate curtailed two-stage design

The probability of rejecting the null hypothesis
Rec (N1t 05,008 | Py P ¢)

ny

= Z { PYl—l(Ul(y1_1)=rl_lfvl(y1_1)= yl_n1+t1_1) P1,

yp=max(ry,n =t; +1) L [ Vi

X Z P||,R(Yz=y2|Y1=y11U1(y1)=r1-1,V1(y1)=yl—n1+t1—1)}

y2=max(my,n=y; =m, +1)

n y;-1
+ Z Z { PYl—l(Ul(y1_1)=ul’vl(y1_1)= yi—n +t, -1)(1-p,)
y,=max(r, +1,n; —t; +1) u;=ry
n-=yi;
X Z Pll,R(Y2=y2|Y1=ylrul(y1)=ulrvl(y1)=yl_n1+t1_1)}
Yo =max(my,n=y; =m, +1)
n, Yy, =N+t =2

+ Z z { PY1—1(U1(y1 _1) = - 1,V1(y1 _1) = Vl) P,

y;=max(ry,ny —t; +2) v;=0
n-y;

X Z PII,R(YZ =Y, |Y1 = ylrul(yl) =1 _1’V1(y1) = Vl)}

yo=max(mg,n-y; =m,+1)

Eoc(N|p) =EBC_|(Y1)+EBC_||(Y1)+EBC_||R(Y2)+EBC_||A(Y2)58
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Bivariate curtailed two-stage design ccoe
. o0
design parameters ° o
Errors requirement Go | o
- ¢ L po)
1, RBC(ﬂl’r‘l’tl’nZ’FZ’tZ Or = prO’ pt =U)S H, H, p

2. Rgc (N, 1y, 4,y L [ B =L p = po)sa (o0
3. RBC(nl’rl’tl’nZ’rZ’tZ 0, = By Py = pt1)21_13

Minimax design

Minimim total sample sizep_ . ={(n,,r,,t,,n,,r,,t,)] rgin(nl +n,)}
BC

Minimim expected total sample siqu;in E.(N|p,)
BC
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030
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( prO’ ptO).
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®
(Pro.0)

000
000
( X X
| | | ] | ] | ] ...
Bivariate curtailed two-stage design o
g g o
. o
design parameters (B0 (PuPu) | e
(Pros Pro) @ py)
Design parameters size power P =(p,.P,)
P D @ noorotoono1 a, a, a, -/ E..(N|p)
0.1 035 2 21 2 8 49 10 10 0.0005 0.0212 0.0479 0.8000 26.6052
4 27 3 9 49 10 10 0.0002 0.0213 0.0479 0.8000 27.6104
6 23 2 9 49 10 10 0.0001 0.0213 0.0479 0.8002 282139
8 23 2 9 49 10 10 0.0001 0.0213 0.0479 0.8001 28.1236
HO 02 045 2 20 5 7 53 17 11 0.0005 0.0235 0.04'76 0.8028 21.9691
® 1 4 20 5 7 53 17 11 0.0002 0.0235 0.0476 0.8015 214122
( ’ ptO) 6 2 5 7 53 17 11 0.0001 0.0235 0.0476 0.8009 21.0958
H 8 2 5 7 53 17 11 0.0000 0.0235 0.0476 0.8006 20.8815
1 -— -
03 0.55 2 20 7 7 53 22 11 00010 0.0439 0.0476 0.8029 219129
4 20 7 7 53 22 11 0.0004 0.0439 0.0476 0.8017 21.2901
6 2 7 7 53 22 11 0.0002 0.0439 0.0476 0.8012 20.9385
8 2 7 7 53 22 11 0.0001 0.0439 0.0476 0.8010 20.6986
04 065 2 18 R 7 53 28 11 0.0008 0.0362 0.0481 0.8000 219863
4 21 9 7 53 28 11 0.0003 0.0378 0.0473 0.8025 22.0996
6 9 7 53 28 11 0.0002 0.0378 0.0473 0.8021 21.7577
8 2 9 7 53 28 11 0.0001 0.0378 0.0473 0.8019 21.5306
The maximum type | error rate is specified as @08
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the power is specified as 0.8.



Concluding remarks

»The curtalled 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 curtalled two-stage design Is easy to
Implement In practice since it offers fixed
stopping rules at each stage. "



Future work

»>If there is sufficient evidence of efficacy and edgfto
make it worth further studying in a phase Ill obial trials,

» It Is Interesting and important to extend the aleth
sampling procedure to a two-stage design with

» This dissertation focus on the of
patients observed responses and toxicity side teffax
evaluate the efficacy and safety for the bivartate-stage
design. A reasonable inference has to be develbpedd
on the
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The end
Thanks for your attention



